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In  preparing  this  text-book  for  the  use  of  students  and  practitioners  of 
medicine,  I  have  endeavored  to  adapt  it  to  the  wants  of  the  profession,  as 
they  have  appeared  to  me  after  a  considerable  experience  as  a  public  teacher 
of  human  physiology.  My  large  treatise  in  five  volumes  is  here  condensed, 
and  I  have  omitted  bibliographical  citations  and  matters  of  purely  historical 
interest.  Many  subjects,  which  were  considered  rather  elaborately  in  my 
larger  work,  are  here  presented  in  a  much  more  concise  form.  I  have 
added,  also,  numerous  illustrations,  which  I  hope  may  lighten  the  labors  of 
the  student.  A  few  of  these  are  original,  but  by  far  the  greatest  part  has 
been  selected  from  reliable  authorities.  I  have  thought  it  not  without 
historical  interest  to  reproduce  exactly  some  of  the  classical  engravings 
from  the  works  of  great  discoverers,  such  as  illustrations  contained  in  the 
original  editions  of  Fabricius,  Harvey,  and  Asellius.  In  addition,  I  have 
copied  a  few  of  the  beautiful  microscopical  photographs  taken  at  the  United 
States  Army  Medical  Museum,  by  Dr.  J.  J.  Woodward,  who  kindly  fur- 
nished them  to  me  and  to  whom  I  here  express  my  grateful  acknowledg- 
ments. I  have  also  to  thank  M.  Sappey  for  his  kindness  in  furnishing 
electrotypes  of  many  of  the  superb  engravings  with  which  his  great  work 
upon  anatomy  is  illustrated. 

My  work  in  five  volumes  was  intended  as  a  book  of  reference,  which  I 
hope  will  continue  i(3  be  useful  to  those  who  desire  an  account  of  the  litera- 
ture of  physiology,  as  well  as  a  statement  of  the  facts  of  the  science.  I 
have  always  endeavored,  in  public  teaching,  to  avoid  giving  undue  promi- 
nence to  points  in  which  I  might  myself  be  particularly  interested,  from 
having  made  them  subjects  of  special  study  or  of  original  research.    In  my 
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iv  PREFACE. 

text-book,  I  have  carried  out  the  same  idea,  strivmg  to  teach,  systemati- 
cally and  with  unif onn  emphasis,  what  students  of  medicine  are  expected 
to  learn  in  physiology,  and  avoiding  elaborate  discussions  of  subjects  not 
directly  connected  with  practical  medicine,  surgery,  and  obstetrics.  While 
I  have  referred  to  my  original  observations  upon  the  location  of  the  sense 
of  want  of  air  in  the  general  system,  the  new  excretory  function  of  the 
liver,  the  f imction  of  glycogenosis,  the  influence  of  muscular  exercise  upon 
the  elimination  of  urea,  etc.,  I  have  not  considered  these  subjects  with 
great  minuteness  and  have  generally  referred  the  reader  to  monographs  for 
the  details  of  my  experiments. 

Finally,  in  presenting  this  work  to  the  medical  profession,  I  cannot 
refrain  from  an  expression  of  my  acknowledgments  to  the  publishers,  who 
have  spared  nothing  in  carrying  out  my  views  and  have  devoted  special 
pains  to  the  mechanical  execution  of  the  illustrations. 

New  Yobk,  November y  1875. 
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convidenitiniu— TrnasAiftoD— Qujuitfty  of  blood— Gensrftl  duneters  of  llie  blood— Bkood-corpiiKlei— 
ncnt  of  the  blood  •Gari>iucle*--Leiico{7t«—D«TeIo|»aieiit  of  l«uooeftei^^Com|MMlllOfi  of  the  rwl  oor^ 
pOMiM— CiIotiiJJn«>-Hii!mtt9lobliio-*Andyali  of  Di«  1))oo4-^<kiaipaflttoli  of  tbo  btood-pbuoMh-tootKaDSe  iirUi- 
it|iw  frrfinir  noUiie  prtodple*— Orgmitte  noii'iillrag«ii(»d  prinetf^lMp-Esiren^ntltlOiit  iiwttOf»-^vsMk  nitro- 
f«ala»d  prtitdples— PtMaxtoe,  flbdn,  iQcUlbumen.  and  k^rine— Peptooes— Culorins  mtttor^^CongidAliOD  of  tlio 
blE»d— ChanetttTft  of  tile  clot— Cbar^ters  of  the  »tfraiD^CireuiDitftiioi}»  wlilob  modify  oOi^uUidoo— Coof  nktlon 
of  tiM  blcKid  la  Ch«  orKanUiii}— SpoDtiuuMitu  Aitttl  of  biaiiiorrliige'-OMiie  of  tlio  ootgaliOOB  of  the  tlood— 30- 
callvd  flbflii  fiietor»— PsngUibaltnv,  or  flbriooplnctie  mAttar^flbdiipfeii. 


Fboit  the  earliest  periods  in  the  history  of  phjaology,  the  imfwrtntice  of  the  blood 
hoi  been  recognized;  and*  with  the  progress  of  knowledge^  thij«  |jTeat  nutritive  flciid  has 
l>eiua  shown  to  be  more  and  more  intimately  connected  with  the  phenooiena  of  nninial 
life.  It  b  now  known  to  be  the  most  abundant  and  highly  organized  of  the  flaids  of  the 
body,  pro  Tiding  materials  for  the  regeneration  of  all  part*,  without  exception,  receiving 
the  prwlacts  of  their  waste  and  conreying  them  to  proper  organs,  by  which  they  are 
rtfinovod  from  the  system.  These  processes  reqnire,  on  the  one  hand,  c-onstant  regen- 
vmliao  of  the  nutritive  constituents  of  the  blood,  and^  on  the  other,  its  constant  purifi- 
cslioii  by  the  removal  of  effete  matters* 

Tbose  tissues  in  which  the  processes  of  nutrition  are  active  are  supplied  with  blood 
by  Tes»els;  bat  some,  le^s  highly  organized,  like  the  epidcrrais,  hair,  cartilage,  etc., 
which  are  called  extra-vascular  because  they  are  not  penetrated  by  vessels,  are  none  the 
IcflB  dependent  upon  the  blood,  as  Wi^j  imbibe  nutritive  material  from  the  blood  of  ad- 
jacent part?. 

The  importance  of  the  blood  in  the  processes  of  nutrition  b  evident;  and,  in  animala 
In  which  DUtrition  is  active,  death  is  the  immediate  result  of  its  abstraction  in  large 
quAiitity.  Its  importance  to  life  can  be  readily  demonstrated  by  experiments-  upon  the 
interior  animals.  If  we  take  a  small  dog,  introduce  a  canula  through  the  right  jujrular 
wxka,  into  the  right  side  of  the  heart,  adapt  to  it  a  syringe,  and  suddenly  withdraw  a  great 
|mrt  of  the  blood  from  the  circulation,  immediate  suspension  of  all  the  BQ*called  ntal 
pmoesscs  b  the  result.  If  we  then  return  the  blooil  to  the  system,  the  animal  is  as  sud- 
denly ns^ved-  To  perform  this  experiment  satisfactorily,  we  must  accurately  adjust  the 
capacity  of  the  syringe  to  the  size  of  the  animal. 

Certain  caases,  one  of  which  is  diminution  in  the  force  of  the  heart's  action  after 
eopiooa  ba?raorrhag»ii,  prevent  the  escape  of  all  the  blood  from  the  body,  even  after 
diviaipn  of  the  largest  arteries;  bnt,  after  the  arrest  of  the  functions  which  follows 
discharges  of  tliis  fluid,  life  may  be  restored  by  injecting  into  the  vessels 
III*  samo  blood  or  the  fr«^f^h  lilood  of  another  animal     This  observation,  which  was  first 
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made  on  the  inferior  animals,  has  been  applied  to  the  hnman  subject ;  and  it  has  been 
ascertained  that,  in  patients  sinking  under  hsdmorrhage,  the  introduction  of  even  a  few 
ounces  of  fresh  blood  maj  restore  the  functions  for  a  time,  and  sometimes  permanently. 
The  operation  of  transfusion,  which  consists  in  the  introduction  of  the  blood  of  one  indi- 
vidual into  the  vessels  of  another,  was  performed  upon  animals  in  the  middle  of  the 
seventeenth  century,  and  was  soon  after  attempted  in  the  human  subject.  So  great  was 
the  enthusiasm  with  which  some  regarded  these  experiments,  that  it  was  thought  pos- 
sible even  to  effect  a  renewal  of  youth  by  the  introduction  of  young  blood  into  the  veins 
of  old  persons ;  and  it  was  also  proposed  to  cure  certain  diseases,  such  as  insanity,  by 
actual  renewal  of  the  circulating  fluid.  These  ideas  were  not  without  apparent  foun- 
dation. It  was  stated,  in  1667,  that  a  dog,  old  and  deaf,  had  his  hearing  improved  and 
was  apparently  rejuvenated  by  transfusion  of  blood  from  a  young  animal.  A  year  later, 
Denys  and  Emmerets  published  a  case  of  a  maniac  who  was  restored  to  health  by  the 
transfusion  of  eight  ounces  of  blood  from  a  calf;  and  another  case  was  reported  of  a 
man  who  was  cured  of  leprosy  by  the  same  means.  But  the  case  of  insanity,  which  was 
apparently  cured,  suffered  a  relapse,  and  the  patient  died  during  a  third  attempt  at 
transfusion.  It  is  almost  unnecessary  to  say  that  these  extravagant  expectations  were 
not  realized.  In  fact,  some  operations  were  followed  by  such  disastrous  consequences, 
tliat  the  practice  was  forbidden  by  law  in  Paris  in  1668,  and  soon  fell  into  disuse. 

Transfusion,  with  more  reasonable  applications,  was  revived  in  the  early  part  of  this 
century  (1818)  by  Blundell,  who,  with  others,  demonstrated  its  occasional  efficacy  in 
desperate  hsBmorrhage  and  in  the  last  stages  of  some  diseases,  especially  cholera.  There 
are  now  quite  a  number  of  cases  on  record  where  life  has  been  saved  by  this  means;  and 
oftentimes,  when  the  result  has  not  been  so  happy,  the  fatal  event  has  been  consider- 
ably delayed. 

Numerous  experiments  on  transfusion  in  animals  have  been  performed,  with  very 
interesting  results.  Provost  and  Dumas  have  shown  that,  while  an  animal  may  be 
restored  after  ha3morrhago  by  the  transfusion  of  defibrinated  blood,  no  such  effect  fol- 
lows the  introduction  of  the  serum ;  showing  that  the  vivifying  influence  in  all  prob- 
ability resides  in  the  corpuscles.  Brown-S^quard  has  shown  that,  in  parts  detached 
from  the  body,  after  nervous  and  muscular  irritability  have  disappeared,  these  properties 
may  be  restored  for  a  time  by  the  injection  of  fresh  blood.  He  also  made  a  curious  ex- 
periment in  which  blood  was  passed  from  a  living  dog  into  the  carotid  of  a  dog  just  dead 
from  peritonitis.  The  animal  was  so  far  revived  by  this  operation  as  to  sustain  himself 
on  his  feet,  wag  his  tail,  etc.,  and  died  a  second  time,  twelve  and  a  half  hours  after.  In 
this  experiment,  insufflation  was  employed  in  addition  to  the  transfusion. 

It  may  be  considered  establislied  that,  in  animals,  after  hemorrhage,  life  may  be 
restored  by  injecting  the  blood,  defibrinated  or  not,  provided  it  be  introduced  slowly, 
without  admixture  with  air,  and  not  in  too  great  quantity.  In  the  human  subject,  es- 
pecially after  hemorrhage,  the  vital  processes  are  sometimes  restored  by  careful  trans- 
fusion of  human  blood,  with  the  above  precautions ;  remembering  that  a  very  sujall  quan- 
tity, three  or  four  ounces,  will  sometimes  be  sufficient. 

Quantity  of  Bhod, — The  determination  of  the  entire  quantity  of  blood  contained  in 
the  body  is  a  question  of  great  interest,  and  has  long  engaged  the  attention  of  physiolo- 
gists, without,  however,  any  absolutely-definite  results.  Among  those  who  have  ex- 
perimented on  this  point,  may  be  mentioned  Allen-Moulins,  Herbst,  Fried.  Hofiruann, 
Valentin,  Blake,  Lehmann  and  Weber,  and  Vierordt.  The  fact  that  the  labors  of  these 
eminent  observers  have  so  far  been  unsuccessful  in  determining  definitely  the  entire  quan- 
tity of  blood  shows  the  extent  of  the  difficulties  to  be  overcome  before  the  question  can 
be  entirely  settled.  The  chief  difficulty  lies  in  the  fact  that  all  the  blood  is  not  discharged 
from  the  body  on  division  of  the  largest  vessels,  as  after  decapitation ;  and  no  perfectly- 
accurate  means  have  been  devised  for  estimating  the  quantity  which  remains  in  the 
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The  estimAteii  of  experimenters  present  the  following  wide  differences :  AUen- 

luntiiis,  who  was  one  of  the  firat  to  study  tliis  qoestion,  estimated  the  quantity  of  blood 

^  ttt  one-twentieth  the  weight  of  the  CDtire  Ixidj,     The  estimate  of  Herbs!  was  a  little 

noffmann  estimated  the  quantity  at  one-fifth  the  weight  of  the  body.    These 

estimated  the  quantity  remaining  in  the  system  after  opening  the  vessels,  by 

I  ecM^ectnre.     Valentin  was  the  first  who  attempted  to  overcome  this  difficidty  by 

opertment.     For  this  purpose  he  employ eti  the  following  process :  He  took  first  a  Fmnll 

<|iiaiititj  of  blood  from  an  animal  for  purposes  of  comparison ;  then  he  injected  into  the 

\  »  known  quantity  of  a  saline  solution,  and,  taking  another  specimen  of  blood  some 

I  after,  he  Ascertained  by  evaporation  the  proportion  of  water  which  it  contained, 

tod  compared  with  the  proportion  in  the  first  specimeUi     He  reasoned  that  the  excess  of 

'  in  tlie  second  specimen  over  the  first  would  give  the  proportion  of  the  water  intro* 

to  the  whole  mass  of  blood;  and,  as  the  entire  quantity  of  water  introduced  wns 

own,  the  entire  quantity  of  hlood  could  be  deduced  therefrom.    Suppose^  for  example, 

the  excess  of  water  in  the  second  specimen  should  be  one  part  to  ten  of  the  blood, 

wonld  show  that  one  part  of  water  had  been  mixed  with  ten  of  the  blood;  and,  if 

^we  had  iiyected  in  all  five  ounces  of  water,  we  should  have  the  whole  quantity  of  blood 

tfiD  times  that,  or  fifty  onncea.    This  method,  however,  is  open  to  the  objection  that  it  is 

tmpQssible  to  take  note  of  the  processes  of  imbibition  and  exhalation  which  are  con* 

fCantly  In  operation. 

The  fi>llowing  process,  which  is,  perhaps,  the  one  least  open  to  sources  of  error,  wns 
employed  by  Lehmann  and  Weber,  and  applied  directly  to  the  human  subject,  in  the 
i*«0«  of  two  decapitated  criminals :  These  observers  estiraoted  tht*  blood  remaining  in 
the  body  after  decapitation,  by  injecting  the  vessels  with  water  until  it  came  through 
Aeorty  colorless.  The  liquid  was  carefully  collected,  evaporated  to  dryness,  and  the  dry 
roaidae  was  assomcd  to  represent  a  certain  quantity  of  blood,  the  proportion  of  dry 
ffttddue  to  a  definite  quantity  of  blood  having  been  previously  ascertained.  If  we  conld 
certain  that  only  the  solid  matter  of  the  blood  was  thus  removed,  such  an  estimate 
Bid  he  tolerably  accurate.  As  it  is,  we  may  consider  it  as  approximating  very  nearly 
to  the  troth.     We  quote  the  following  acconnt  of  these  observations : 

•*My  friend,  Ed.  Weber,  determined,  with  my  cooperation,  the  weights  of  two  crimi- 
Ijoth  before  and  atlter  their  decapitation.    The  cjunntity  of  blood  which  escaped 
Uie  body  was  determined  in  tbe  following  manner :  Water  was  injected  into  the 
\  of  the  trunk  and  bend,  until  the  fluid  escaping  from  the  veins  had  only  a  pale-red 
y^ow  color;  the  quantity  of  the  blood  remaining  in  the  body  was  then  calculated, 
r  liM^litting  a  comparison  between  the  solid  residue  of  this  pale-red  aqueous  fluid,  and 
'h.*  blood  which  first  escaped.     By  way  of  jlluslnition,  1  subjoin  tlie  results 
y  one  of  the  experiments.     The  living  body  of  one  of  the  criminals  weighed 
0,140  grammes  (132-7  pounds),  and  the  same  body  after  decapitation,  54,600  grammes; 
Dn«e»inently,  6,540  grammes  of  blood  had   escaped      28*560  grammes  of  this  blood 
elded  5'36  grammes  of  solid  residue ;  60*5  grammes  of  sanguineous  water  collected 
r tfc*  iiyection,  contained  3*724  grammes  of  solid  substances;  6,050  grammes  of  the 
water  that  returned  from  tlie  veins  were  collected,  and  these  contained 
f*54  ^  of  solid  residue,  which  corresponds  to  1,080  grammes  of  blood ;  conae- 

cnr  .dy  contained  7,520  grammes  (16*59  pounds),  6,540  escaping  in  the  act  of 

ipitation^  and  1,880  remaining  in  the  body ;  hence,  the  weight  of  the  wh<tle  blood 
to  that  of  the  body  nearly  in  the  ratio  of  1  :  8.    The  other  experiment  yielded  a 
precisely  similar  result. 

*♦  It  cannot  be  assumed  that  such  experiments  aa  theee  possess  extreme  accuracy,  but 

they  appear  to  have  the  advantage  of  giving  in  this  manner  the  minimum  of  the  blotd 

ontaineil  in  the  body  of  an  adult  man  ;  for  althaugh  some  solid  substances,  not  belong- 

;  to  the  blood,  may  be  taken  up  by  the  water  from  the  parenchyma  of  the  organs  per- 

with  capOlary  vessels^  the  excess  thus  obtdned  is  so  completely  counteracted  by 
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the  deficiency  caused  by  the  retention  of  some  blood  in  the  capillaries,  and  in  part  by 
transudation,  that  our  estimate  of  the  quantity  of  blood  contained  in  the  human  body 
may  be  considered  as  slightly  below  the  actual  quantity." 

The  process  just  described  gives  the  most  accurate  idea  of  the  probable  quantity  of 
blood  in  the  human  body ;  and,  although  more  recent  investigations  have  been  made 
upon  the  low^r  animals,  by  different  methods,  they  are  all  more  or  less  open  to  objec- 
tion. We  may  assume,  then,  that,  in  a  person  of  ordinary  muscular  and  adipose  devel- 
opment, the  proportion  of  blood  to  the  weight  of  the  body  is  about  one  to  eight,  the 
entire  quantity  of  blood  in  the  body  being  from  sixteen  to  eighteen  pounds.  The  relative 
quantity  of  blood  is  said  to  be  less  in  the  infant  than  in  the  adult,  and  to  be  diminished 
in  old  age.  It  has  been  found,  also,  in  observations  on  the  inferior  animals,  to  be  greater 
in  the  male  than  in  the  female. 

Prolonged  abstinence  from  food,  except  when  large  quantities  of  liquid  are  ingested, 
has  a  notable  effect  in  diminishing  the  mass  of  blood,  as  indicated  by  the  small  quantity 
which  can  be  removed  from  the  body,  under  these  circumstances,  with  impunity ;  and  it 
has  been  experimentally  demonstrated  that  the  entire  quantity  of  blood  is  considerably 
increased  during  digestion.  Bernard  drew  from  a  rabbit  weighing  about  two  and  a  half 
pounds,  during  digestion,  over  ten  and  a  half  ounces  of  blood  without  producing  death ; 
while  he  found  that  the  removal  of  half  that  quantity  from  an  animal  of  the  same  size, 
fasting,  was  followed  by  death.  Wrisberg  has  reported  a  case  of  a  female  criminal,  very 
plethoric,  from  whom  twenty -one  pounds,  seven  and  three-quarters  ounces  of  blood 
flowed  after  decapitation.  As  the  relations  of  the  quantity  of  blood  to  the  digestive 
function  are  so  important  it  is  unfortunate  that  the  conditions  of  the  system  in  this 
respect  were  not  noted  in  the  observations  of  Lehmann  and  Weber.  It  is  evident,  there- 
fore, that  the  quantity  of  blood  in  the  body  is  considerably  increased  during  digestion ; 
but  as  regards  the  extent  of  this  increase,  we  cannot  form  any  very  definite  idea.  It  is 
only  shown  that  there  is  a  marked  difference  in  the  effects  of  haemorrhage  in  animals, 
during  digestion  and  fasting. 

General  Characters  of  the  Blood, 

Opacity. — The  opacity  of  the  Mood  depends  upon  the  fact  that  it  is  not  a  homogene- 
ous fluid,  but  is  composed  of  two  distinct  elements,  a  clear  plasma  and  corpuscles,  which 
are  both  nearly  transparent,  but  which  have  a  different  refractive  power.  If  both  of  these 
elements  had  the  same  refractive  power,  the  mixture  would  present  no  obstacle  to  the 
passage  of  light ;  but,  as  it  is,  tlie  rays,  which  are  refracted  in  passing  from  the  air 
to  the  plasma,  are  again  refracted  when  they  enter  the  corpuscles,  and  again,  when 
they  pass  from  the  corpuscles  to  the  plasma,  so  that  they  are  lost,  even  in  a  thin  layer 
of  the  fluid.  This  loss  of  light  in  a  mechanical  mixture  of  two  transparent  liquids  of 
unequal  refractive  power  can  be  demonstrated  by  the  following  simple  experiment :  If 
to  a  little  chloroform  colored  red,  clear  water  be  added  in  a  test-tube,  these  liquids  re- 
main distinct  from  each  other,  and  both  are  transparent ;  but  if  we  agitate  them  vio- 
lently, the  chloroform  is  temporarily  subdivided  into  globules  and  mixed  with  the  water; 
and,  as  they  refract  light  differently,  the  mixture  is  opaque. 

Odor^  Taste,  Reaction,  and  Specific  Gravity, — The  blood  has  a  faint  but  characteristic 
odor.  This  may  be  developed  so  as  to  be  very  distinct  by  the  addition  of  a  few  drops 
of  sulphuric  acid,  when  an  odor  peculiar  to  the  animal  from  which  the  blood  has  been 
taken  becomes  very  marked. 

Tlie  taste  of  the  blood  is  faintly  saline,  on  account  of  the  presence  of  a  considerable 
proportion,  three  or  four  parts  per  thousand,  of  chloride  of  sodium  in  the  plasma. 

The  reaction  of  the  blood  is  always  distinctly  alkaline.  According  to  Zuntz,  the 
alkalinity  diminishes  rapidly  after  the  blood  is  drawn  from  the  vessels.  The  alkaline 
reaction  is  due  to  the  presence  of  basic  carbonate  and  phosphate  of  soda  in  the  plasma. 

The  specific  gravity  of  defibrlnated  blood  is  from  1052  to  1057  (Robin),  being  some- 
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rfaAl  lc08  ia  the  female  th&a  in  the  male.     Its  densitjr  varies  greatly  under  difi'erent  con- 
I  of  digestion. 
Temperature, — ^Tbe  temperature  of  the  blood  is  generally  given  aa  from  08"*  to  100*^ 
Fahr. ;  but  recent  exptTiiiientd  Lave  shown  that  it  varies  condderably  in  ditfcrent  part^ 
d^  the  ctrcuJaiorj  systsm,  independently  of  exposure  to  the  refrigerating  influence  of  the 
■laiu8pb«re.      By  the  nse  of  very  delicutL>  registering  thermometers,  Bernard  has  sac- 
fieedad  in  eatablishlng  tlie  following  faet^  with  regard  to  Uie  temperatore  in  vanoas 
t  q(  the  circulatory  system  in  doj;s  and  slieep : 
1.  The  blood  i^  warmer  in  the  right  than  in  the  left  cavities  of  the  heart. 
2;.  It  tj  warmer  in  the  arteries  than  in  tLe  veins,  with  a  few  exceptiuns. 
8%  U  is  generally  warmer  in  the  portal  vein  than  in  the  abdominal  aorta,  indepen- 
tly  of  the  digestive  act, 

4w  It  13  constantly  warmer  in  the  hepatic  than  in  the  portal  veins. 
He  fonml  the  highest  temperAture   in  the  blood  of  the  hepatic  vein,  where  it  ranged 

11)1°  to  lu7\     In  the  aorta,  it  ninged  from  9U''  to  105^ 
W«  may  assnme,  then,  in  general  terras^  that  the  temperature  of  the  blood  in  the 

•  vessel B  is  from  lOU*  to  107'  Fahrenheit. 
Coltr  of  ih€  Blood, — The  color  of  the  blood  is  due  to  the  corpuscles.  In  the  arterial 
em  it  is  uniformly  red.  In  the  veins  it  is  generally  dark  blue  and  sometimes  almost 
TJiis  difference  in  color  between  the  blood  in  the  arterial  and  in  the  venous  ays- 
,  was  a  matter  of  controversy  at  the  time  of  Harvey.  By  the  discoverer  of  the  cir- 
€iilBfioB,  the  difference,  which  is  now  Dniverriully  known  and  admitted  as  regards  most 
of  the  vtinas,  was  supposed  to  be  merely  accidental  and  dependent  on  external  causes. 
fifty  years  Liter,  Lower  demonstrated  the  change  of  color  in  the  blood  as  it  passes 
tkrotigh  the  hings^  and  assoeiated  it  with  the  true  cause;  viz.,  the  absorption  of  oxygen. 
The  color  in  the  veins,  however,  is  not  constant.  Many  years  ago,  John  Hunter  ob- 
lurred^  in  a  case  of  syncope,  that  the  blood  drawn  by  venesection  was  bright  red ;  and 
are  recently,  Bernard  ha:^  demonstrated  that,  in  some  veins,  the  blood  is  nearly  if  not 
Dtte  OS  red  as  in  the  arterial  system.  The  color  of  the  venous  blood  depends  upon  the 
Qdition  of  the  organ  or  part  frotn  which  it  is  returned.  The  red  color  was  first  no- 
by  Bc^rnard  in  the  renal  veins,  where  it  contrasts  very  strongly  with  the  black 
k»od  in  the  vena  cava.  He  afterward  observed  that  tlio  redness  only  existed  during  the 
actional  activity  of  tlie  kidneys  \  and  when,  from  any  cause,  the  secretion  of  urine 
was  arrested,  the  blood  became  dark.  He  was  led,  from  this  observation,  to  examine 
be  venous  blood  from  other  glands ;  and,  directing  his  attention  to  those  which  he  was 
\i%  to  cjcamine  during  their  fmietioual  activity,  particidarly  the  salivary  glands,  he  found 
^c  blood  red  in  the  veins  during  secretion,  but  becoming;  dark  as  soon  as  secretion  was 
urested.  These  observations  may  be  easily  verified  by  opening  the  abdomen  of  a  living 
■nfmal,  exposing  the  renal  veins,  and  introducing  a  canula  into  the  ureter,  so  as  to 
\  ible  Xo  note  the  tlow  or  arrest  of  the  urine.  So  long  as  the  urine  continues  to  flow, 
\  bltjod  in  these  vessels  is  bright  red ;  but  when  secretion  becomes  arrested,  as  it  soon 
aftor  exposure  of  the  orjrans,  it  presents  no  difference  from  the  blood  in  the 
i  eara.  In  the  submaxillary  gland,  by  the  galvanization  of  a  certain  nerve  which  he 
I  the  mot*>r  nerve  of  the  gland,  Bernard  has  been  able  to  produce  secretion,  and,  by 
galvanization  of  another  nerve,  to  arrest  it;  in  this  way  changing  at  will  the  color 
»d  in  the  vein.  It  has  been  found  by  Ibe  same  obst^rvor  that  division  of  the 
ic  in  the  neck,  which  dilates  the  vessels  and  increases  the  supply  of  blood  to 
one  side  of  the  head,  produces  a  red  color  of  the  blood  iu  the  jugular.  He  has  also 
found  that  paralysis  of  a  member  by  division  of  tlie  nerve  has  the  same  effect  on  the 
blood  returning  by  the  veins. 

The  explanation  of  these  facts  is  evident  when  we  reflect  upon  the  reasons  why  the 
blood  is  rod  in  the  arteries  and  dark  in  the  veins.    Its  color  depends  upon  the  corpus- 
and  as  the  blood  passes  through  the  lungs  it  loses  carbonic  acid  and  gains  oxygeDi 
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changing  from  black  to  red.  In  its  passage  throagh  the  capillaries  of  the  system,  in  the 
ordinary  processes  of  natrition,  it  loses  oxygen  and  gains  carbonic  acid,  changing  from 
red  to  black.  Daring  the  intervals  of  secretion,  the  glands  receive  just  enough  blood 
for  their  nutrition,  and  the  ordinary  interchange  of  gases  takes  place,  with  the  con- 
sequent change  of  color ;  but,  during  their  functional  activity,  the  blotd  is  supplied 
in  greatly-increased  quantity,  in  order  to  furnish  the  watery  elements  of  the  secretions. 
Under  these  circumstances,  it  does  not  lose  oxygen  and  gain  carbonic  acid  in  any  great 
quantity,  as  has  been  demonstrated  by  actual  analysis,  and  consequently  there  is  no 
marked  change  in  color.  When  filaments  of  the  sympathetic  are  divided,  the  vessels 
going  to  the  part  are  dilated,  and  the  supply  of  blood  is  increased  to  such  an  extent, 
that  a  certain  proportion  passes  through  without  parting  with  its  oxygen  (a  fact  which 
has  also  been  demonstrated  by  analysis),  and  consequently  it  retains  its  red  color.  The 
explanation  in  cases  of  syncope  is  probably  the  same,  although  this  is  merely  a  suppo- 
sition. Even  during  secretion,  a  certain  quantity  of  carbonic  acid  is  formed  in  the 
gland,  which,  according  to  Bernard,  is  carried  off  in  solution  in  the  secreted  fluid. 

It  may  be  stated,  then,  in  general  terms,  that  the  color  of  the  blood  in  the  arteries  is 
bright  red ;  and,  in  the  ordinary  veins,  like  the  cutaneous  or  muscular,  it  is  dark  blue, 
almost  black.  It  is  red  in  the  veins  coming  from  glands  during  secretion,  and  dark  during 
the  intervals  of  secretion. 

Anatomical  JElements  of  the  Blood. 

In  1661,  the  celebrated  anatomist,  Malpighi,  in  examining  the  blood  of  the  hedgehog, 
with  the  imperfect  lenses  at  his  command,  discovered  little  floating  particles  which  he 
mistook  for  granules  of  fat,  but  which  were  the  blood-corpuscles.  He  did  not  extend  his 
observations  in  this  direction ;  but,  a  few  years  later  (1673),  Leeuwenhoek,  by  the  aid 
of  simple  lenses  of  his  own  construction,  ranging  in  magnifying  power  from  forty  to  one 
hundred  and  sixty  diameters,  first  saw  the  corpuscles  of  human  blood,  which  he  minutely 
described  in  a  paper  published  in  the  Philosophical  Transactions,  in  1674.  To  Leeuwen- 
hoek is  generally  ascribed  the  honor  of  the  discovery  of  the  blood-corpuscles.*  About  a 
century  later,  William  Hewson  described  another  kind  of  corpuscles  in  the  blood,  which 
are  much  less  abundant  than  the  red,  and  which  are  now  known  under  the  name  of  white 
globules,  or,  as  they  have  been  called  by  Robin,  leucocytes. 

Without  following  the  progress  of  microscopical  investigations  into  the  constitution 
of  the  blood,  it  may  be  stated  that  it  is  now  known  to  be  composed  of  a  clear  fluid,  the 
plasma,  or  liquor  sanguinis,  holding  certain  corpuscles  in  suspension.  These  corpuscles 
are  as  follows : 

1.  Red  corpuscles;  by  far  the  most  abundant,  constituting  a  little  less  than  one-half 
of  the  mass  of  blood. 

2.  leucocytes,  or  white  corpuscles ;  much  less  abundant,  existing  only  in  the  pro- 
portion of  one  to  several  hundred  red  corpuscles. 

3.  Granules;  exceedingly  minute,  called,  by  Milne-Edwards,  globulins,  and,  by  KoUi- 
ker,  elementary  granules.  These  are  few  in  number,  and  are  probably  fatty  particles 
from  the  chyle.    They  are  to  be  regarded  as  accidental  constituents  of  the  blood. 

Red  CorpuscUs.— These  little  bodies  give  to  the  blood  its  red  color  and  its  opacity. 
They  are  true,  organized  structures,  containing  organic  nitrogenized  and  inorganic  ele- 
ments molecularly  united,  and,  as  an  exception  to  the  general  rule,  a  little  fatty  matter 
in  union  with  the  organic  principles.     They  constitute  a  little  less  than  one-half  the  mass 

>  8ome  writers  (rive  the  credit  of  the  discovery  of  the  blood -corpuscles  to  Swammerdam.  In  1658,  Swammcrdam 
studied  the  blood-corpuscles  of  the  frog  and  described  them  rery  accurately;  but  his  researches  were  not  published 
until  1788,  a  number  of  years  after  his  death.  In  questions  of  priority,  it  is  usual  to  date  discoTcries  from  the  time 
of  their  first  publication. 


BLOOD-COEPUSCLES. 
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cording  to  the  observations  of  all  who  have  investigated  this  sufcject,  are 

r  abtnidant  in  the  male  than  m  the  female. 
The  fonn  of  the  Mood -corpuscles  is  peculiar.    Thej  are  flattened^  biconcave,  circular 
diike^  with  A  thickness  of  from  one-fourth  to  one-third  of  their  diameter.    Their  edges 
ire  rOQiided,  and  the  thin,  central  portion 
oeeopies  about  one-half  of  their  diameter. 
Their  consisteace  is  not  much  greater  than 
that  of  the  plasma.     They  are  very  elastic, 
md,  if  deformed  by  pressure,  immediately 
roHome  their  origiuol  shape  when  the  pres^ 
vre  11  removed.    Their  specific  gravity  is 
from  1088  to   1105,  considerably  greater 
than  th«  specific  gravity  of  the  plaama, 
wMch  is  about  1026.     (Bobin.) 

When  the  blood  has  been  drawn  from 
\  veasela  and  coagulates  slowly,  the  great- 
rdcoaitj  of  the  red  corpuscles  causes  them 
to  gravitate  to  the  lower  portions  of  the 
clot,  leaving  the  white  corpuscles  and  fibrin 
1$  the  surface.  This  is  the  cause  of  the 
*liiiffy*coat"  mentioned  by  some  writers. 
rooagnlation  be  prevented  by  the  addition 
^a  A  amall  quantity  of  sulphate  of  soda, 
there  is  quite  a  marked  gravitation  of  red  corpfisoles  after  standing  for  some  hours. 

The  peculiar  form  of  the  blood-corpuscles  gives  them  a  very  characteristic  appearance 
under  the  microscope.  Examined  with  a  magoifyiDg  power  of  from  three  hundred  to  five 
hundred  diameters,  those  which  present  their  flat  surfaces  have  a  shaded  ceotre  when  the 
edges  are  exactly  in  focus.  This  appearance  was  formerly  supposed  to  indicate  the  ex- 
fsleiice  of  a  nucleos  having  a  constitutiou  different  from  that  of  the  rest  of  the  corpuscle* 
It  is  now  understood  to  be  an  optical  effect,  the  result  of  tho  form  of  the  corpuscles;  their 
biconcavity  rendering  it  impossible  for  the  centre  and  edges  to  be  exactly  in  focos  at  the 
ue  instant^  ^^y  that,  when  the  edges  are  in  focus,  the  centre  is  dark,  and,  when  the  ceo- 
I  is  bright,  the  edgea  are  shaded. 
As  the  blood-corpuscles  are  examined 
by  the  microscope  by  transmitted  Ught, 
bej  are  nearly  transparent  and  of  a  pale- 
'  color.  It  is  only  when  they  are  col- 
see  that  they  present  the  red 
It  diaracteristic  of  blood  as  it  appears 
lln  naked  eye.  This  yellow  or  amber 
is  ^aite  characteristic.  A  pretty  good 
I  of  tlie  color  may  be  obtained  by  large- 
r  diluting  blood  in  a  test-tube  and  holding 
\  between  the  eye  and  the  light. 

In  examining  blood  under  the  micro- 
teofie,  the  corpuscles  are  seen  in  many 
difl^nt  positions  ;  some  fiat,  some  on 
T  «.  etc,    Tliifl  asflista  us  in  recog- 

i  r  peculiar  form. 

ill  en  observed  thnt  the  blood- 

C>rpu  *j  a  remarkable  tendency  to 

ange  themselves  in  rows  like  rouUaux  of  coin.    Thi#  appearance  has  attracted  univer- 
l  attention,  and  for  a  long  time  it  was  not  satisfactorily  explained.    Robin,  however,  has 


Fio*  %,—Huv)(m  r<vf  hkyod-mrpunet^.  arranged  in  rewt, 
ttith  two  \chiU  cot^/uicltA^  or  /^iieocy^M. 
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given  what  seems  to  be  the  true  explanation.  He  has  shown  that,  shortly  after  removal 
from  the  vessels,  there  exudes  from  the  corpuscles  an  adhesive  substance  which  smears 
their  surface  and  causes  them  to  stick  together.  Of  course  the  tendency  is  to  adhere  by 
their  flat  surfaces.  In  examining  a  specimen  of  blood  under  the  microscope,  the  presence 
of  this  adhesive  exudation  may  be  demonstrated  by  employing  firm  and  gradual  pressure 
on  the  glass  cover,  when  the  adherent  corpuscles  may  be  separated,  in  some  instances, 
and,  with  oblique  light,  we  can  see  a  little  transparent  filament  between  them,  which 
draws  them  together,  as  it  were,  when  the  pressure  is  removed.  This  phenomenon  is  due 
to  a  post-mortem  change ;  but  it  occurs  so  soon,  that  it  presents  itself  in  nearly  every 
specimen  of  fresh  blood,  and  is  therefore  mentioned  in  connection  with  the  normal  char- 
acters of  the  blood-corpuscles. 


Dimensions, — ^The  diameter  of  the  blood-corpuscles  has  a  more  than  ordinary  anatom- 
ical interest ;  for,  varying  perhaps  less  in  size  tlian  other  anatomical  elements,  they  are 
often  taken  as  the  standard  by  which  we  form  an  idea  of  the  size  of  other  microscopic 
objects.  The  diameter  usually  given  is  y^Vir  o^  ^^  inch.  The  exact  measurement  given 
by  Robin  is  .0073  of  a  millimetre,  or  ^^  of  an  inch.  It  is  stated  by  some  authors  that 
the  size  of  the  corpuscles  is  very  variable,  even  in  a  single  specimen  of  blood.  We  have 
repeatedly  measured  them  and  found  a  diameter  of  y^Vr  ^^  ^^  inch.  Very  few  are  to 
be  found  which  vary  from  this  measurement.  Kolliker,  who  gives  their  average  diame- 
ter as  y^  of  an  inch,  states  that  **at  least  ninety -five  out  of  every  hundred  corpuscles 
are  of  the  same  size."  * 

We  cannot  leave  the  subject  of  the  size  of  the  blood-corpuscles  without  a  notice  of  the 
measurements  in  the  blood  of  different  animals.  This  point  is  interesting,  from  the  fact 
that  it  is  often  an  important  question  to  determine  whether  a  given  specimen  of  blood  be 
from  the  human  subject  or  from  one  of  the  inferior  animals.  Comparative  measurements 
also  have  an  interest  on  account  of  a  relation  which  seems  to  exist  in  the  animal  scale 
between  the  size  of  the  blood-corpuscles  and  muscular  activity.  In  all  the  iiiainmalia, 
with  the  exception  of  the  camel  and  llama,  in  which  the  corpuscles  are  oval,  the  blood 
has  nearly  the  same  anatomical  characters  as  in  the  human  subject.  In  only  two  animals, 
the  elephant  and  sloth,  are  the  red  corpuscles  larger  than  in  man ;  in  all  others,  they  are 
smaller,  or  of  nearly  the  same  diameter.     By  reference  tu  the  table,  it  will  be  seen  that, 

in  some  animals,  the  corpuscles  are  very  much 
smaller  than  in  man ;  and,  by  accurate  meas- 
urements, we  are  enabled  to  distinjruish  their 
blood  from  the  blood  of  the  human  subject. 
But,  in  forming  an  opinion  on  this  subject, 
it  must  bo  remembered  that  there  is  some 
variation  in  the  size  of  the  corpuscles  of  the 
same  animal.  We  can  easily  dibtinguish  the 
blood  of  the  human  subject,  or  of  the  mam- 
mals generally,  from  that  of  birds,  fishes,  or 
reptiles ;  fur,  in  these  classes  of  animals,  the 
corpuscles  are  oval  and  contain  a  granular 
nucleus. 

Milne-Edwards  has  attempted  to  show, 
by  a  comparison  of  the  diameter  of  the 
blood-corpuscles  in  ditferent  species,  that 
their  size  bears  an  inverse  ratio  to  the  mus- 
cular activity  of  the  animal.  Reference  to  the 
table  will  show  that  this  relatiun  holds  good 
to  some  extent,  wliile  there  certamly  exists  none  between  the  size  of  the  corpuscles  and 
the  size  of  the  animal.     In  deer,  animals  remarkable  for  muscular  activity,  the  corpuscles 


Fio.  Z.—Btood-corpuJiclM  of  thf  frog ;  magnified  870 
diam^tfrn.  (From  at  phoUi^raph  taken  at  the 
United  States  Anny  Medical  Museum.) 
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are  very  small,  -g^^  of  an  inch ;  while  in  the  sloth  they  are  j^y  and  in  the  ape,  which 
is  comparatively  inactive,  ^iVir*  ^^^  ^^  ^^®  other  hand,  in  the  dog,  which  is  quite 
active,  we  have  a  corpuscle  of  j^Vrr  ^^  ^^  ^^^c^f  <^^  i^  ^^^  ^^  which  is  certainly  not  so 
active,  the  diameter  of  tlie  corpuscle  is-^^  of  an  inch.  Although  this  relation  between 
the  nze  of  the  blood-corpuscles  and  muscular  activity  is  not  invariable,  it  is  certain  that, 
the  higher  we  go  in  the  great  classes  of  animals,  the  smaller  are  the  blood-corpuscles ; 
the  largest  being  focmd  in  the  lowest  orders  of  reptiles,  and  the  smallest,  in  the  mam- 
malia. The  blood  of  the  invertebrates,  with  a  few  exceptions,  contains  no  colored  cor- 
puscles. 

Table  of  Measurenietita  of  Red  Corpuscles. 

Tlus  table  is  taken  from  the  table  of  Mr.  Gulliver,  published  in  the  Sydenham  edition  of  Ilcwson^s 
Works,  page  287.  Nearly  five  bmidred  measurements  were  made  by  Mr.  Gulliver ;  and  of  these, 
one  hundred  of  the  most  important  have  been  selected.  It  will  be  observed  that  the  diameter  of 
the  human  blood-corpuscle  is  greater  than  that  generally  given.  It  must  be  borne  in  mind  that  all 
these  measurements  are  mere  approximations ;  but  they  are  useful,  as  showing  the  relations  of  the 
corpuscles  in  different  animals,  and  enabling  us  to  distinguish  the  blood  of  the  human  subject  from 
that  of  some  of  the  inferior  animals.  The  measurements  are  all  given  in  Auctions  of  an  English 
inch ;  and,  in  making  the  selections,  the  common  names  of  the  animals  have  been  substituted  for 
the  technical  names  given  in  the  original. 

Mammals, 


Clumpanzee,    . 

Oorang-outang,    . 

Black  monkey, 

Re^i  monkey, 

Cape  baboon,  . 

Brown  baboon,     . 

Dog-faced  baboon, 

Lazy  monkey. 

Bat, 

Long-eared  bat,    . 

Mole, 

Hedgehog,  . 

Badger,   . 

Polar  bear,  .... 

Brown  bear  of  Europe,    . 

Black  bear  of  North  America. 

Raccoon, . 

Pog,     . 

Fox, 

Jackal, 

Wolf, 

Striped  hyena, 

Spotted  hyena, 

Cat,      .     '    . 

Lion, 

Tl^jer,  . 

Leof)ard, . 

Panther, 

Ferret, 


Corpuscles 
Diameter. 

win 

TlTfo 

7  At 


4  At 


Jit  91 


ttSt 


Ciratlar. 

Weasel, 

Polecat,   . 

Otter,  . 

Seal, 

Porpoise, 

Whale, 

Hog,         .         . 

Indian  elephant, 

Indian  rhinoceros, 

Horse, 

Ass, 

Stag,    . 

Fallow  deer, 

Virginia  deer, 

Giraffe,     . 

Antelope,     . 

Gazelle,    . 

Goat,    . 

Sheep, 

Ox,       .         . 

Buffalo,    . 

Musk  deer  of  Jav 

Flnng  scjuirrel, 

Red  squirrel, 

Black  scjuirrel. 

Gray  squirrel, 

Marmot,  . 

BroN^Ti  rat,  . 

Black  rat. 

Mouse, 


Diameter. 

•     TTBT 

3  » T  y 
tjAt 


tAt 


ttIit 
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Diameter. 

Water  rat, j^    Opossum, 

Porcupine, j^^    Kangaroo,   . 

Beaver, j^ 

Guinea-pig, ^ 

Rabbit, ^^    Dromedary  (oval), 

Two-toed  sloth, j^    Camel         (oval), 


I>iAin*ter. 


L.  dlAiD.  8.  diam* 
TrJT      tStt 


Eagle  (ring-tailed). 

Owl,    . 

Jay, 

Raven, 

Starling, . 

Wren, 

Sparrow, 

Woodpecker, 

Swallow, 

Stork, 


Long 
I>iameter. 

•  iVffT 

•  1389 

•  «l70 

•    TTjnr 


Birds, 

Corpuscles  OvcU. 

Short 
Diameter. 
3«W     Pigeon, 


jx^  Turtle-dove, 

jtVt  Peacock, 

Wffiy  Ck)ck,. 

^Tj>5Y  Turkey,  . 

^nVi  Guinea-fowl, 

lifiSJS  Quail,      . 

gVn  Goose, 

T(jW  Swan, 

7^  Duck, 


Long 
Diameter. 

•  T9TI 

•  Thr 

ZIOS 
1045 

WsfT 


Short 
Diameter. 

365nr 
■is  us 
ini 

4  410 

lA¥ 


Green  turtle,    . 
Land  tortoise, 


Heptiles. 
Corpuscles  Oval, 

Long        Short 
Diameter.  Diameter. 

Wrr      tkStt    Lizard, 
•    tAt      tA?    Viper, 


Long  Short 

Diameter.  Diameter. 
•     1SS0       JT47 
in*       TlW 


Frog, 


Amphibia, 

Corpuscles  Oval. 

Long         Short 
Diameter.  Diameter. 
TT*»F       tAt     Toad, 


Long  Short 

Diameter.  Diameter. 

•        104  3  tOOTf 


Perch, 
Carp, 


JFlshes, 
Corpuscles  Oval. 

Long        Short 
Diameter.  Diameter. 
•    zo9!i       1814     Pike, 
ytVt      tA?    Eel,     . 


Long     Short 
Diameter.  Diameter. 


TBinr 

1841 


^num^a^ion  ^  the  Blood- CorpuscUi. — In  most  of  the  quantitative  analyses  of  the 
blood,  the  proportion  of  moist  corpuscles  to  the  entire  mass  of  blood  is  stated  to  be  a 
little  less  than  one-half.  This  estimate  is  necessarily  rather  rough ;  and  it  would  be  in- 
teresting to  ascertain,  if  possible,  the  normal  variations  in  the  proportion  of  corpuscles, 
under  different  conditions  of  the  system,  particularly  as  these  bodies  play  so  important  a 
part  in  many  of  the  functions  of  the  organism.  Estimates  of  this  kind  have  lately  been 
made  by  Malassez,  who  has  devised  a  method,  more  accurate  than  those  employed  before, 
for  the  actual  enumeration  of  the  red  corpuscles,  in  which,  it  is  stated,  the  error  does  not 
amount  to  more  than  two  or  three  per  cent.    The  process  employed  is  the  following : 


ENUMERATION  OF  THE  BLOOD -CORPUSCLES. 


11 


lie  blood  to  be  examined  is  dilated  with  umetj-nine  parts  of  a  liquid  composed  of 
\  Tolnme  of  &  solution  of  gum-arabic  of  a  sj>ecific  gravity  of  1020  with  tbree  volumes 

of  a  eolntiOQ  of  equal  parts  of  Bolphate  of  soda  and  chloride  of  sodinu,  also  of  a  spe* 

dfiittgn^ty  of  1020.     The  mixture^  containing  one  part  of  blood  in  one  hnndred,  is  in- 

^rodnoed  into  a  small  thermometer- tube  with 

ail  elliptical  bore,  the  sides  of  the  tube  being 

ptKUid  flat  for  convenience  of  microscopical 

dimiiuition.    The  capacity  of  the  tube  is  to 

be  calcnlatedi  bj  estimating  the  weight  of  a 

TolniDe   of  mercury   contained  in    a  given 

knglli.    The  tube  is  then  tilled  with  the  di- 

hM  bloody  and  the  number  of  coqiusclcs  in 

a  given  length  of  the  tube  is  co anted  by 

mttum  of  a  microscope  fitted  with  an  eye* 

fieee  micrometer.    In  this  way,  the  number 

of  eorpoBolea  in  a  given  volume  of  blood  can 

be  readily  estimated.    In  man,  the  number 

m  a  cubio  millimeter  of  blood  (a  millimeter  = 

ibont  j^  of  an  inch)  is  estimated  at  about 

har  millioo. 

According  to  the  observations  of  Mai  as* 

ittS,  the  proportion  of  corpmscles  is  about  the 

tam&  in  all  parts  of  the  arterial  system.     In 

tlie  Tetna^  the  corpuscles  are  more  abundant  than  in  the  arteries.    In  the  venous  system^ 

the  blood  of  the  splenic  veins  presents  the  largest  proportion  of  corpuscles,  and  the  pro- 

porlioii  is  smaUest  in  the  blood  of  the  hepatic  veiiia.     These   results  favor  the  idea 

that  the  red  corpuscles  are  formed,  to  a  certain  extent,   in  the  spleen,  and  that  some 

ar«  disstroyed  in  the  liver ;   but  farther  obserrutions  are  necessary  to  render  this  view 

oertoxn. 
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P^t-moftem  Changes  in  the  Blood- 
tUs, — In  examining  the  fresh  blood 
ier  the  microscope,  after  the  8(>ecimen 
has  been  under  observation  a  short  time, 
the  corpu^les  assume  a  peculiar  appeiir- 
anee,  from  the  development^  on  their  sur- 
fiice,  of  very  minute,  rounded  projections, 
]ike  the  granules  of  a  raspberry,  A  little 
later^  when  they  have  become  partly  de- 
jnooated^  they  present  a  shrunken  appear- 
^  and  their  edges  are  more  or  less  aer* 
Under  these  conditions,  their  orig- 
aal  form  may  be  restored  by  adding  to 
^the  specimen  a  liquid  of  about  the  den- 
sity of  the  serum.  When  they  have  been 
'  dried,  as  in  blood  spilled  upon 
|i  T  on  a  floor,  months  or  even 

foiifs  niter,  tliey  can  be  ma^le  to  assume 
beir  characteristic  form  by  carefully  moist- 

Btng  them  with  an  appropriate  liquid.  This  jvroperty  is  taken  advantage  of  in  exam- 
inations of  old  spots  suppose^l  to  be  blood;  and,  if  the  manipulations  be  carefully  con- 
ducted, the  corpuscles  may  be  recognized  without  difficulty  by  the  microscope. 

If  pare  water  be  adde^l  to  a  specimen  of  blood  under  the  microscope,  the  corpuscles 
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swell  up,  become  spherical,  and  are  finally  lost  to  view  bj  solution.     The  same  effect 
follows  almost  instantaneouslj  on  the  addition  of  acetic  acid. 

Structure. — The  structure  of  the  blood-corpuscles  is  very  simple.  They  are  perfectly 
homogeneous,  presenting,  in  their  normal  condition,  no  nuclei  or  granules,  and  are  not 
provided  with  an  investing  membrane.  A  great  deal  has  been  said  by  anatomists  con- 
cerning this  latter  point ;  and  some  are  of  the  opinion  that  the  corpuscles  are  cellular  in  their 
structure,  being  composed  of  a  membrane,  with  viscid,  semifluid  contents.  Without  going 
fully  into  the  discussion  of  this  question,  it  may  be  stated  that  few  have  assumed  to  have 
actually  demonstrated  this  membrane ;  but  certain  observers  have  inferred  its  existence 
from  the  fact  of  the  corpuscles  swelling,  and,  as  they  term  it,  bursting  on  the  addition 
of  water.  The  appearances  presented  upon  the  addition  of  iodine  to  blood  previously 
treated  witli  water,  which  have  been  supposed  to  indicate  the  presence  of  shreds  of 
raptured  vesicles,  are  not  sufficiently  distinct  to  demonstrate  the  existence  of  a  membrane. 
The  great  elasticity  of  the  corpuscles,  the  persistence  with  which  they  preserve  their 
biconcave  form,  and  their  general  appearance,  rather  favor  the  idea  that  they  are  homo- 
geneous bodies  of  a  definite  shape,  than  that  they  have  a  cell-wall  with  semifluid  con- 
tents ;  especially  as  the  existence  of  a  membrane  has  been  only  inferred  and  not  posi- 
tively demonstrated.  Their  mode  of  nutrition  is  like  that  of  other  anatomical  elements. 
They  are  bathed  in  a  nutritive  fluid,  the  plasma,  and,  as  fast  as  their  substance  becomes 
worn  out  and  efiete,  new  material  is  supplied.  In  this  way,  they  undergo  the  same 
molecular  changes  as  other  anatomical  structures.  AVhen  destroyed  or  removed  from  the 
body  in  lucinorrhages,  new  corpuscles  are  gradually  developed,  until  their  quantity 
reaches  the  normal  standard. 

Detelopment  of  the  Blood- CorpuscUs. — Very  early  in  the  development  of  the  ovum, 
the  blood-vessels  appear,  constituting  what  is  called  the  area  vasculosa.  At  about  the 
same  time,  the  blood-corpuscles  are  developed,  it  may  be  before,  or  it  may  be  just  after  (he 
appearance  of  the  vessels,  for  this  point  is  undetermined.  The  blood  becomes  red  when 
the  embryon  is  about  one-tenth  of  an  inch  in  length.  From  this  time  until  the  end  of 
the  sixth  or  eighth  week,  they  are  from  thirty  to  one  hundred  per  cent,  larger  than  in 
the  adult.  Most  of  tliem  are  circular,  but  some  are  ovoid,  and  a  few  are  globular.  At 
this  period,  nearly  all  of  them  are  provided  with  a  nucleus ;  but,  from  the  first,  there  are 
some  in  which  this  is  wanting.  The  nucleus  is  from  ij-^^^  to  -^^^  of  an  inch  in  diameter, 
globular,  granular,  and  insoluble  in  water  and  acetic  acid.  As  development  advances, 
these  nucleated  corimscles  are  gradually  lost;  but,  even  at  the  fourth  month,  we  may 
still  see  a  few  remaining.  After  this  time,  they  present  no  anatomical  differences  from 
the  blood-corpuscles  in  the  adult. 

In  many  works  on  physiology  and  general  anatomy,  we  find  accounts  of  the  develop- 
ment of  the  red  corpuscles  from  the  colorless  corpuscles,  or  leucocytes,  which  are  sup- 
posed to  become  disintegrated,  their  particles  becoming  developed  into  red  corpuscles; 
but  there  soonis  to  be  no  positive  evidence  that  such  a  process  takes  place.  The  red  cor- 
puscles appear  before  the  leucocytes  are  formed  ;  and  it  is  only  the  fact  that  the  two 
varieties  coexist  in  the  blood-vessels  which  has  given  rise  to  such  a  theory.  It  is  most 
reasonable  to  consider  that  the  red  corpuscles  are  formed  by  a  true  genesis  in  the  san- 
guineous blastema.  There  is,  farthermore,  no  suflScient  evidence  that  any  particular 
organ  or  organs  have  the  function  of  producing  the  blood-corpuscles.  It  is  regarded  by 
some  as  u  necessity  that  there  should  be  an  organ  for  the  destruction  of  the  corpuscles, 
and  one  for  their  formation.  Regarding  them,  as  we  certainly  must,  as  organized  bodies 
which  are  essential  anatomical  elements  of  the  blood,  it  is  difiiicult  to  imagine  what 
reasons,  based  on  their  function,  should  lead  ])hy8iologists  to  seek  so  persistently  after  an 
organ  for  their  destruction.  The  hypothesis  that  they  are  used  in  the  formation  of  pig- 
mentary matter  seems  hardly  sufficient  to  account  for  this.    The  observations  of  Malassez, 
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which  §bow  an  mcrenso  ib  the  number  of  corpuscles  in  the  blood  eoming  from  the  spleen 
Had  u  dinination  in  the  blood  of  the  hepatic  veins,  are  not  ftulficiently  definite  to  &erve 
■«  a  dciiiondtration  that  the  spleen  h  a,  blood-forming  organ ;  and  the  same  remark 
■iftj  he  ttpplled  to  observations  upon  the  formation  of  blood -eorposeles  hj  the  marrow 
cf  the  bofiesw 

In  the  present  state  of  our  knowledge,  the  following  seem  to  be  the  most  rational 
with  regard  to  the  development  and  nutrition  of  the  blood -corpuscles: 

1.  At  the  time  of  their  firj*t  appearance  in  the  o\Tim,  they  are  formed  bj  no  special 
for  no  special  organs  then  exist ;  but  they  appear  by  genesis  in  the  sanguineous 
biftitMISft. 

f.  When*  fully  formed^  they  are  regularly -organized  anatomical  elements,  subject  to 
the  Mme  laws  of  gmdaal  molecular  wu^te  and  repair  as  any  of  the  anatomical  elements 
Hi  the  liHRies. 

S.  They  are  generated  de  novo  in  the  adult,  when  diminished  in  quantity  by  hiemor- 
rhage  or  otherwise;  and,  under  these  oircunist^inces,  tliey  are  probably  formed  in  the 
'•  aaagainis,  by  the  same  process  by  which  they  take  thetr  origin  In  the  orum. 


Function  of  the  Bhod-C&rpuiehi. — Altliougb  the  albuminoid  constituents  of  the  plasma 
the  blood  are  essential  to  nutrition,  the  red  corpuscles  are  the  parts  most  immediately 
ee^iiiry  lo  life.     We  have  already  eeen^  in  treating  of  transfoslon,  that  life  may  l»e  re- 
stored to  an  anitnal  in  which  the  functions  have  been  suspended  from  hasmorrbnge^  bj  the 
inlPOdn^'HoTi  of  fresh  blood ;  and,  while  it  is  not  necessary  that  this  blood  Bhould  contain 
the  el  ■  fibrin,  it  has  been  shown  by  the  experiments  of  Provost  and  Dumas  and 

etiier-,  intrmlaction  of  serom,  without  the  corpuscles,  has  no  restorutive  effect. 

When  all  the  arteries  leading  to  a  part  are  tied,  the  tissues  lose  their  properties  of  con- 
lilSty,  sensibility,  etc.,  which  may  be  re^ored,  however,  by  supplying  it  again  with 
( vivifying  fluid.    We  shall  see,  when  we  come  to  treat  of  the  function  of  respiration, 
;  one  great  distinction  between  the  corpuscular  and  fluid  elements  of  the  blood  h  the 
capacity  which  the  former  have  for  absorbing  gases.     Direct  observations  hare 
kown  that  blood  will  ab^^orb  from  ten  to  thirteen  times  as  much  oxygen  as  an  equal  bulk 
f  water;  and  this  is  de]>eudent  almost  entirely  on  the  presence  of  the  red  corpuscles.    A? 

the  tissues  are  constantly  absorbing  oxygen  and  giving  off  carbonic  acid,  a  ver; 
(»rtant  function  of  the  corpuscles  is  to  carry  03cygen  to  all  parts  of  tlie  body.    In  i 

ent  !*tate  of  our  knowledge,  thi^  is  the  only  well-defined  function  which  can  be 
Itrtbnted  to  the  red  corpuscles,  and  it  undoubtedly  is  the  principal  one.     They  have  an 
Lity,  though  not  so  great,  for  carbonic  acid,  which*  after  the  blood  lias  circulated  in 
^flSpillaries  of  the  system,  takes  the  place  ot  the  oxygen.     In  some  experiments  per- 
i  a  few  years  ago  on  the  effects  of  hemorrhage  and  the  scat  of  the  **  hesoln  de  re- 
"  we  demonstrated  that  one  of  the  results  of  removal  of  blood  from  the  svstcm 
\  condition  of  aspbysia,  dependent  upon  the  absence  of  these  respiratory  elements. 


i,§ueocyU9,  or  WhiU  Corpiuelm  of  (he  Blood. — In  addition  to  the  red  corpuscles  of 

the  b1oo<i,  this  fiiiid  always  contains  a  number  of  colorless  bodies,  globular  in  form,  in  the 

ibatioce  of  which  are  embedded  a  greater  or  less  number  of  minute  granules.     These 

re  been  called  by  Robin,  leucocytes.     This  name  seem'4  njore  appropriate  than  that  o! 

Iiite  or  colorless  blood -corpuscles,  inasmuch  as  they  are  not  peculiar  to  the  blood,  btit 

\  fi>and  in  the  lymph,  chyle,  pus,  and  various  other  fluids,  in  which  they  were  formerl.^ 

by  different  names.     All  who  have  been  in  the  habit  of  examining  the  animal 

>  micros copiord I y  have  noticed  the  great  similarity  between  the  corpuscular  elements 

in  tlie  above-mentioned  situations;  and,  as  microscopes  have  been  improved  and 

iveitigations  have  become  more  exact,  the  varieties  of  corpuscles  have  been  narrowed 

>wii-     It  is  now  pretty  generally  acknowledged  that  the  corpuscles  found  in  mucus  and 

t  are  identical ;  alsoi  that  there  is  no  difference  between  the  white  corpuscles  found  In 
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the  Ijinpb,  chyle,  and  blood ;  and,  finally,  it  has  been  shown  that  all  of  these  bodies, 
which  were  formerly  supposed  to  present  marked  distinctive  characters,  belong  to  the 
same  class,  presenting  but  slight  differences  in  different  situations.  The  description  which 
will  be  given  of  the  white  corpuscles  of  the  blood,  and  the  effects  of  reagents,  will  an- 
swer, in  the  main,  for  all  the  corposcnlar  bodies  that  are  grouped  under  the  name  of 
leucocytes. 

Leucocytes  are  normally  found  in  the  blood,  lymph,  chyle,  semen,  colostrum,  and 
vitreous  humor.  Pathologically,  they  are  found  in  the  secretion  of  piucous  mem- 
branes, following  irritation,  and  in  inflammatory  products,  when  they  are  called  pus- 
corpuscles. 

In  examining  a  specimen  of  blood  with  the  microscope,  we  immediately  notice  the 
marked  difference  between  the  leucocytes  and  red  corpuscles.  The  former  are  globular, 
with  a  smooth  surface,  somewhat  opaque  from  the  presence  of  more  or  less  granular 
matter,  white,  and  larger  than  the  red  corpuscles. 

In  examining  the  circulation  under  the  microscope,  we  are  struck  with  the  adhesive 
character  of  the  leucocytes  as  compared  with  the  red  corpuscles.  The  latter  circulate 
with  great  rapidity  in  the  centre  of  the  vessels,  while  the  leucocytes  have  a  tendency  to 
adhere  to  the  sides,  moving  along  slowly,  and  occasionally  remaining  for  a  time  entirely 
stationary,  until  they  are  swept  along  by  a  change  in  the  direction  or  force  of  the 
current. 

The  size  of  the  leucocytes  varies  somewhat,  even  in  any  one  fluid,  such  as  the  blood. 
Their  average  diameter  may  be  stated  as  y^  of  an  inch.  It  is  in  pus,  where  they  exist  in 
greatest  abundance,  that  their  microscopical  characters  may  be  studied  with  greatest  ad- 
vantage. In  this  fluid,  after  it  is  discharged,  the  corpuscles  sometimes  present  remarkable 
deformities.  They  become  polygonal  in  shape,  and  sometimes  ovoid,  occasionally  presenting 
projections  from  their  surface,  which  give  them  a  steUate  appearance.  These  alterations, 
however,  are  only  temporary ;  and,  after  from  twelve  to  twenty-four  hours,  they  resume 
their  globular  shape.  On  the  addition  of  acetic  acid,  they  swell  up,  become  transparent, 
with  a  delicate  outline,  and  present  in  their  interior  one,  two,  three,  or  even  four  rounded, 
nuclear  bodies,  generally  collected  in  a  mass.  This  is  rather  to  be  considered  as  a  coagu- 
lation of  a  portion  of  the  corpuscle,  than  a  nucleus  brought  out  by  the  action  of  the  acid 
which  renders  the  corpuscle  transparent ;  although  in  some  corpuscles  it  is  seen  without 
the  addition  of  any  reagent.  This  appearance  is  produced,  though  more  slowly,  by  the 
addition  of  water. 

Leucocytes  vary  considerably  in  their  external  characters  in  different  situations. 
Sometimes  they  are  very  pale  and  almost  without  granulations,  while  at  others  they  are 
filled  with  fatty  granules  and  are  not  rendered  clear  by  acetic  acid.  As  a  rule,  they 
increase  in  size  and  become  granular  when  confined  in  the  tissues.  In  colostrum,  where 
they  are  called  colostrum-corpuscles,  they  generally  undergo  this  change.  As  the  result 
of  inflammatory  action,  when  they  are  sometimes  called  inflammatory  or  exudation-cor- 
puscles, leucocytes  frequently  become  much  hypertrophied  and  are  filled  with  fatty 
granules. 

The  deformation  of  the  leucocytes,  to  which  allusion  has  already  been  made,  is  some- 
times so  rapid  and  changeable  as  to  produce  creeping  movements,  due  to  the  projection 
and  retraction  of  portions  of  their  substance.  These  movements  are  of  the  kind  called 
amoeboid,  and  are  supposed  to  be  important  in  the  process  of  migration  of  the  corpus- 
cles, which  has  lately  been  described. 

The  quantity  of  leucocytes  compared  to  the  red  corpuscles  can  only  be  given  approxi- 
raatively.  It  has  been  estimated  by  counting  under  the  microscope  the  red  corpuscles  and 
leucocytes  contained  in  a  certain  space.  Molescbott  gives  the  proportion  as  1:836; 
others,  at  from  1  :  300  to  1  :  500.  It  has  been  found  by  Dr.  E.  Ilirt,  of  Zittau,  whose 
observations  have  been  confirmed  by  others,  that  the  relative  quantity  of  leucocytes 
is  much  increased  during  digestion.  He  found,  in  one  individual,  a  proportion  of  1  :  1800 


DEVELOPMENT  OF  LEUCOCYTES. 


15 


Fi<i.  e^^Hwrnan  nd  awl  ffi&tU  bt^t/d-eorpumtm. 


breakfbsi;  an  hmir  after  breakfast,  which  was  taken  at  8  o'clock,  1  :  700;  be- 
ll aad  I  o'clock,  1:  1500;  after  diningi  at  1  o'clock,  1:400;  two  hours  after, 
1  :  1475;  aflcr  supper,  at  8  p.  ji.,  1  :  550;  at  Hi  P.  m.,  1  :  1200.  The  leDcocjrtea  are 
smell  Ught<;r  than  llic  red  corpusclea,  and,  when  the  blood  coagulate!*  slowly,  are  fre- 
^oeiltly  fbimd  with  a  certain  amount  of  colorteas  6bnn  forming  a  lajer  on  the  surface  of 
^e  dot,  which  is  called  the  *^  buifj-coat.^* 
Their  specific  gravity  is  about  1070, 

Numerous  observera,  among  whom  may 
be  mentioned  Donn6,  KoUiker,  Gray,  Hirt, 
md  liabssez,  have  noticed  a  great  lo- 
erccAe  in  the  number  of  leucocytes  in  the 
blood  coming  from  the  spleen,  and  have 
tiipposed  tliat  thoy  are  formed  chiefly  in 
this  organ.  It  is  inconsistent  with  the 
mode  of  development  of  these  corpuscles 
to  suppose  that  any  special  organ  is  exclu- 
sirely  engaged  in  their  production;  and 
their  persistence  in  animals  after  extirpa- 
oa  of  the  spleen  shows  that  they  are  de- 
[>ped  in  other  situations. 
The  function  of  the  leucocytes  is  not 
uderstood*  The  BUpposition  that  they 
eak  down  and  become  nuclei  for  the  de- 
felopixient  of  red  corpuscles,  which  at  one 

obtained,  is  a  pur©  hypothesis,  which  has  no  positive  basis  in  fact. 

Pefdcfnnmt  pf  lAUCQe^tu, — These  corpuscles  appear  in  the  blood-vessels  very  early 
In  IfBtiil  life*,  before  the  lymphatics  can  be  demonstrated.  They  arise  in  the  same  way  as 
the  red  corpuscles,  by  genesis  from  materials  existing  in  the  vessels.  They  appear  in 
lymphatics,  before  these  vessels  pass  through  the  lymphatic  glands,  in  the  foetas  anterior 
to  the  development  of  the  spleen,  and  also  on  the  surface  of  mucous  membranes ;  so 
Uiey  cannot  be  considered  as  produced  exclusively  by  the  lymphatic  glands,  as  has  been 
nppofied.  There  is  no  organ  nor  class  of  organs  in  the  body  specially  charged  with  their 
c>nnatioD ;  and,  althongh  they  frequently  appear  as  a  result  of  inflammation,  this  process 
I  by  no  means  necessary  for  their  production.  Robin  has  carefully  noted  the  phenom- 
DB  of  tlieir  development  in  recent  wounds.  The  first  exudation  consisti  of  clear  fiuid, 
ith  a  few  red  corpuscles ;  then,  a  finely  granular  blostema.  In  from  a  quiirter  of  an 
boor  to  an  hour,  pale,  transparent  globules^  from  -^^  to  ^V^  of  an  inch  in  diameter, 
m^)Le  tlieir  appearance,  which  soon  become  finely  granular  and  present  the  ordinary 
•l^)pearance  of  leucocytes.  They  are  thus  developed,  like  other  anatomical  elements,  by 
^ani nation  of  the  necessary  elements  furnished  by  a  blastema,  and  not  by  the  action 
of  any  special  organ  or  organs. 

Thi«  view  nf  the  mode  of  development  of  leucocytes  seems  to  be  established  by  the 
\  _  int  experiraenta  of  Onimus,  showing  that  corpuscles  may  be  devel- 

op ^le  conditions,  in  a  perfectly  clear,  hornogoneoas  blastema : 

fmimus  used  the  clear  fluid  taken  without  delay  from  rapidly-developed  blisters, 

which  he  found  ordinarily  contained  no  leucocytes,  but  which  he  carefully  filtered  in 

order  to  remove  all  sources  of  error.    The  filtered  liquid  contained  no  morphological 

telementa ;  but,  on  the  other  hand,  he  found  that,  if  the  liquid  wore  allowed  to  remain 

6r  an  hour  or  more  in  contact  with  the  derma,  it  always  contained  leucocytes  and  epi- 

M  11^     Under  these  circumstances,  even  after  filtration,  the  liquid  contained  a  few 

n ;  bntj  after  six  or  seven  hours  of  repose  in  a  conical  vessel,  the  corpuseidar 

Itleinents  gravitated  to  the  bottom,  leaving  tlie  upper  portion  of  the  liquid  perfectly  clcnr. 
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This  liquid,  entirely  free  from  anatomical  elements,  was  enclosed  in  little  sacs  formed 
of  an  animal  membrane  (gold-beater's  skin)  and  introduced  under  the  skin  of  a  living 
rabbit.  At  the  end  of  twelve  hours,  a  few  small  leucocytes  and  granulations  had  made 
their  appearance ;  at  the  end  of  twenty-four  hours,  the  fluid  had  become  somewhat 
opaque,  and  contained  a  large  number  of  leucocytes  and  granulations ;  and,  at  the  end 
of  thirty-six  hours,  the  fluid  was  white,  milky,  and  composed  almost  entirely  of  leucocytes 
and  granulations.  The  leucocytes,  which  were  examined  also  by  Prof.  Robin,  presented 
all  the  cliaracters  by  which  these  corpuscles  are  ordinarily  recognized.  These  experi- 
ments were  repeated  with  more  than  forty  different  specimens  of  fluid  from  blisters. 

The  experiments  were  then  varied  in  order  to  show  the  influence  of  the  membrane 
and  the  composition  of  the  blastema  upon  the  development  of  leucocytes.  By  modify- 
ing the  membrane  in  which  the  blastema  was  enclosed,  it  was  found  that  the  corpuscles 
were  rapidly  developed  in  proportion  to  the  activity  of  the  osmotic  action.  When  thick 
animal  membranes  were  used,  their  development  was  slow,  and,  in  some  instances,  did 
not  take  place  at  all.  There  was  no  development  of  leucocytes  in  a  clear  blastema  en- 
closed in  a  sac  of  caoutchouc  or  in  glass  tubes  hermetically  sealed ;  and  from  this  it  was 
concluded  that  osmotic  action  is  a  necessary  condition,  and  that  the  mere  heat  of  the 
body  is  not  sufficient  to  develop  these  corpuscles,  even  in  an  appropriate  blastema.  The 
influence  of  this  constant  molecular  movement  is  in  striking  contrast  to  the  conditions 
of  absolute  repose  which  are  so  essential  to  the  formation  of  crystals  from  ordinary 
saline  solutions. 

One  of  the  most  interesting  points  in  these  experiments  is  connected  with  the  influ- 
ence of  the  composition  of  the  blastema  upon  the  development  of  leucocytes.  It  was 
found  that  these  bodies  were  never  developed  in  a  blastema  in  which  the  fibrin  had  been 
coagulated.  Experimenting  with  two  liquids,  the  only  diflerence  in  their  constitution 
being  that  in  one  the  fibrin  had  been  coagulated  by  repeatedly  plunging  the  glass  tube  in 
which  it  was  contained  into  cool  water,  while  the  other  was  kept  at  the  ordinary  tem- 
perature, a  little  bicarbonate  of  soda  being  added  to  prevent  coagulation,  it  was  found 
that  leucocytes  were  developed  as  usual  in  the  fluid  which  contained  the  fibrinous  elements, 
and  that  none  appeared  in  the  other.  On  placing  the  liquid  with  its  coagulum  enclosed 
in  a  sac  under  the  skin,  it  was  found  that,  after  a  time,  the  fibrin  was  redissolved,  but 
no  leucocytes  made  their  appearance. 

The  theory  which  has  for  its  motto,  omnis  eellula  c  cellula^  receives  no  support  from 
these  experiments.  Onimus  added  to  fluids  which  had  been  deprived  of  fibrinous  matters, 
epithelial  colls  and  pus-corpuscles,  but,  even  after  thirty-six  hours,  he  never  found  any 
additional  development  of  corpuscular  elements.  Leucocytes  added  to  fluids  in  which 
the  fibrinous  elements  were  unchanged  did  not  seem  to  exert  any  influence  upon  the  de- 
velopment of  new  corpuscles. 

Elementary  Corpuscles, — Little  granules  are  found  in  tlie  blood,  especially  during 
digestion,  which,  as  they  were  supposed  to  take  part  in  the  formation  of  the  white  cor- 
puscles, have  been  called  elementary  granules  or  corpuscles.  They  probably  are  little 
fatty  particles  of  the  chyle  which  come  from  the  thoracic  duct,  and  are  not  positively 
known  to  have  any  connection  with  the  formation  of  the  other  corpuscular  elements  of 
the  blood. 

Composition  of  the  Red  Corpuscles, 

The  red  corpuscles  of  the  blood  contain  an  organic  nitrogenized  principle,  called 
globuline,  combined  with  inorganic  principles  and  a  coloring  matter.  The  composition 
of  the  leucocytes  has  not  been  accurately  determined.  The  inorganic  matters  contained 
in  the  red  corpuscles  are  in  a  condition  of  intimate  union  with  the  other  constituents, 
and  can  only  be  separated  by  incineration.  It  may  be  stated,  in  general  terms,  that 
most,  if  not  all  of  the  various  inorganic  constituents  of  the  plasma  exist  also  in  the  cor- 
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pasdes,  which  Ifttter  are  particalftrljr  rich  m  the  sftlta  of  potassft.  Iron  exists  in  the  col- 
oring inAtt^r  of  the  corpuscles.  In  addition,  the  corpuscles  contain  cbolest^rine,  Icce- 
tjiiii«4  A  cerUin  amount  of  fatty  niatter,  and  probably  some  of  the  organic  saline  princi* 
fle^  oC  the  blood. 

Globuline, — Hollett,  by  alternately  freezing  and  thawing  blood  several  tiroes  insncces- 
I  in  a  pltttinam  vessel,  has  succeeded  in  separating  the  coloring  matter  from  the  redoor* 
^-posele^).  When  the  blood  is  afterward  warmed  and  liquefied^  the  fluid  is  no  longer  opaque, 
but  is  dark  and  transparent.  Microscopical  eianiination  then  reveals  the  corpuscles,  entire- 
ly decol<>rixed  and  floatirig  in  a  red,  semitransparent  senmi.  Denis  extracted  the  organic 
pimciplo  of  the  corpuscles  by  adding  to  defibrinated  blood  about  one-half  its  volume  of 
•  solution  of  chlorido  of  sodium  containing  one  part  in  ten  of  wat^r.  Allowing  this  to 
itand  for  from  ten  to  fifteen  hours,  there  appears  a  viscid  mass,  which  is  ^ury  carefully 
washed  with  water  until  all  the  coloring  matter  and  the  salt  added  has  been  removed. 
The  wliitish,  translncid  mass  which  remains  is  called  glubuline.  Denis  has  also  ex- 
tracted a  small  quantity  of  fibrin  from  the  corpuscles.  GlobuliJie  is  readily  extracted 
fktNn  the  blood  of  birds,  but  is  obtained  with  difficulty  from  the  blood  of  the  human 
•fibjecL 

BmmglcMne, — ^This  is  the  coloring  matter  of  the  red  corpuscles.  It  has  been  called 
by  different  writers,  hfemaglobQline  or  hcematocrystalline ;  but  the  crystals  called  hienia- 
toie  and  h«ematosine  are  derivativea  of  hiemaglobine  and  are  not  true  proximate  princi- 
flea.  Ujcmaglobine  may  be  extracted  from  the  red  corpuscles  by  adding  to  tliem,  w!ien 
COOgeak^  ether,  drop  by  drop.  A  jelly-liko  mass  is  tlicn  formed,  which  is  passed  rap- 
idly through  a  cloth,  crystals  soon  appearing  in  the  li([uid,  which  may  be  separated  by 
LiltratioQ.    (Gftutier.) 

The  crystals  of  h^maglobino  ertracted  from  human  blood  are  in  the  form  of  four- 
->ua,  elongated  rhomboids,  or  rectangular  tablets,  of  a  purplL9h-re<l  color.  They 
osed  of  carbon,  hydrogen,  oxygen,  nitrogen,  sulphur,  and  a  small  quantity  of 
jfiroti.  They  are  soluble  in  water  and  in  very  dilute  alkaline  solutions,  and  the  htemaglo- 
rl^fte  is  precipitated  from  these  solutions  by  ferrocyanido  of  potassium,  nitrate  of  mer- 
cury, chlorine,  or  acetic  acid.  The  proportion  of  this  coloring  matter  to  the  entire  mass 
^d  Wood  is  about  one  hundred  and  twenty-seven  parts  per  thousand.  It  constitutes 
H  to  -^  of  the  dried  corpuscles.  A  solution  of  ha^raaglobine  in  one  thousand 
r|NLrt%  examined  with  the  spectroscope,  gives  two  dark  bands  between  the  letters  D  and 
^E  in  Frauenhoftr's  scale. 

Treated  with  oxygen  or  prepared  in  fluids  in  contact  with  the  air,  there  occurs  a 
QAion  of  oxygen  with  the  coloring  matter,  forming  what  has  been  called  oxyh tern agl obi ne. 
There  can  be  no  doubt  that  the  oxygen  enters  into  an  intimate,  though  rather  unstable 
eotnbination  with  hajmaglobine,  and  this  is  an  important  p<>lnt  to  be  considered  in  con- 
iiK^tion  with  the  absorption  of  oxygen  by  the  blood  in  rcjipiration,  A  solution  of  oxy- 
"  luBuaglobine  presents  a  different  spectrum  from  a  solution  of  pure  hipmaglobine.  If 
w«  examine  a  solution  of  oxyhflpmaglobine  with  the  spectroscope  and  then  discharge 
tii«  oxjgen  by  prolonged  ebnllition  in  a  vacunm,  the  characteristic  bands  of  pure  heenia- 
gtobme  make  their  appearance.  The  union  of  oxyj^en  with  hiemaglobine  is  unstable  and 
tiie  oxgcn  can  be  removed  by  a  current  of  hydrogen,  nitrous  oxide,  or  cariH>nic  acid.  A 
^^orrent  of  carbonic  oxide  displaces  the  oxygen,  and  the  carbonic  oxide  forms  a  very  sta- 
combination  with  the  coloring  matter.  It  is  well  known  that  carbonic  oxide  is  & 
poisonous  gas,  which  becomes  fixed  in  the  corpuscles  so  that  they  become  inca- 
alilt*  of  absorbing'  oxygen. 

jpAccording  to  recent  observations,  oxygen  combined  with  ha?maglobin©  exists  in  the 
aon  of  ozone,     A  solution  of  oxyhtemaglobine  is  readOy  decomposed  by  a  current 
of  gulphu retted  liydrogen,  forming,  like  ozone,  water  and  a  precipitate  of  sulphur. 
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Htenifttine  may  be  prcnluced  by  decomposition  of  l»aniagloMoej  bj  a  process  which 
it  la  not  neceftsflry  to  deRcribe,  aa  the  hierrmtino  is  not  a  proximate  principle.  Iliematoi- 
dine  is  also  a  product  of  decomposition  of  lioemaglobint^,  but  it  does  not  crmuin  iroii. 
Ilcematoidine  is  more  intercBtiug^  however^  from  the  fact  that  it  h  frequently  fuimd  in 
old  clots  that  liavo  been  Ion;:  extnivasated  in  the  tissues*  Robin  fotmd  a  notable  <iuaii- 
tity  of  crystals  of  ha?mak*idinti  in  a  cyst  of  the  liver. 

Assuming,  as  wo  certainly  may,  that  tlto 
blood  furnishes  material  for  tlie  nourij^hment 
of  all  the  tii^saes  and  organs^  we  inhnuld  ex- 
pect to  find  entering  into  its  composition  all 
the  proximate  priocrples  existing  in  the  body 
whieli  uudt-rgro  no  change  in  nutrition,  like 
the  inorganic  principles,  and  orpoiic  matters 
capable  of  being  converted  into  the  organic 
elements  of  every  tii^sue.  Farthermore,  as 
tlie  product  a  of  waste  are  all  taken  np  by  the 
blood  before  their  final  elimination,  these  also 
shonM  enter  into  its  composition.  li\^ith  these 
facts  in  our  minds,  we  can  readily  appreciate 
the  importance  of  accurate  proximate  ana- 
lysea  of  the  circulating  fluid. 

Notwithstanding  the  immense  amount  of 
lal>or  bestowed  by  the  most  eminent  eliemists 
of  the  day  upon  the  qnantttntive  analysis  of 
the  blood,  and  the  great  physiological  interest 
attaching  to  every  advance  in  onr  knowledge 
in  this  direction^  the  chemical  difhcnlties  in- 
volved are  so  great,  that  even  now  tlie  re  are 
no  analyses  which  give  the  exact  quantities 
of  each  of  its  inorganic  constituents.  This  is 
owing  to  the  great  difficulty  in  the  analysis  of 
any  tluid  in  which  inorganic  and  organic  prin- 
ciples are  so  closely  nnited ;  for  there  is  no 
more  delicate  problem  in  analytical  chemistry 
than  the  determination  of  the  presence  and  the 
proportions  of  inorganic  substances  united  with 
organic  matter.  Of  the  animal  fluids  which  are  easily  obtained,  the  blood,  from  tlie  lari^^e 
proportion  of  diflferent  organic  principles  which  enter  into  its  composition,  presents  thi* 
greatest  difficulties  to  the  analytical  chemist.  Another  dittic^nlty  is  the  neces&iily  of  a 
proatimate,  and  not  an  ultimate  analysis.  It  is  not  Buffieient  to  give  the  amount  of  cer- 
tain chemical  elements  which  the  blood  contnins;  we  must  ascertain  the  amount  of 
these  elements  in  the  state  of  union  with  eacti  other  to  form  |>roximate  prhiciples. 

MoBt  of  the  constituents  of  the  blood  are  fotmd  both  in  the  corpuscles  and  [da^ma. 
It  is  difficult  to  determine  all  of  the  diderent  constituents  of  these  two  parts  of  the  blood. 
It  has  been  shown,  however^  l>y  Schmidt,  of  Dorpat,  that  the  phosphorized  fats  are  more 
abundant  in  the  globules,  while  the  fatty  acids  are  more  abundant  in  the  plasma.  The 
salts  with  a  potash-base  have  In'en  found  by  the  same  observer  to  exist  almost  entirely 
in  the  corpuscles,  and  the  soda-salts  are  four  times  more  abnudnnl  in  the  plasma  than  in 
the  corpuscles.  In  addition  to  the  nutritive  principles,  we  have,  entering  into  the  com- 
position of  the  blood,  urea,  cholesterine,  urate  of  soda,  creatine,  creatinine,  and  other 
substances  the  characters  of  which  are  not  yet  fully  determined,  belonging  to  the  class 
of  excrementitious  principles.  Their  consideration  comes  more  appropriately  under  the 
head  of  excretion,  and  they  will  be  fully  taken  np  in  the  chapters  devoted  to  that  subject 


hftmnglofiine.    (Oantier.) 
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Anaiy^lB  of  the  Blood. 

In  the  analyses  given  in  the  older  works  on  pbjBiology^  the  blood,  Imving  been  divided 
iiiia  pUsma  and  corposoles,  was  supposed  to  contain,  in  the  plasma^  two  organic  princi- 
fkleait  cftUed  albnmen  and  fibrin.  Hei^ent  investigations,  however,  have  show^  that  the 
crgftnic  constitaents  of  the  plasma  are  more  complex ;  and  the  more  modern  an.iljses  of 
Hie  blood  gire  other  organic  principles,  which  have  been  separated  bj  new  methods. 
Ab  thesa  have  been  very  generally  accepted  by  modern  writers,  it  becomes  necessary  to 
dMCrfbe  them  in  detail,  and  we  shall  adopt  the  new  nomenclature,  as  far  ad  the  different 
OTgmtiic  principles  have  been  established  by  definite  observations.  An  argnment  in  favor 
of  thia  tubdivision  of  the  matters  formerly  recognized  as  fibrin  and  albnmen  is  the  fact, 
vliiell  haA  long  been  apparent,  that  the  organic  constituents  of  the  blood,  particularly 
ilbiimen,  are  known  to  possess  certain  peculiar  properties  which  distinguish  them  from 
liieae  principles  as  they  are  found  elsewhere.  The  following  table,  which  we  have  care- 
fbJlj  compiled  from  recent  authonties,  particularly  Robin,  gives  approiimatively  the  quan* 
titiee  of  the  different  constituents  of  the  blood -plasma.  Tliese  may  be  divided  into  the 
following  classes:  1,  Inorganic  principles;  3.  Organic  saline  principles;  8.  Organic  non- 
AiirogeiiLeed  principles;  4.  Excrementitlous  matters;  5.  Organic  nitrogenized  principles. 
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1-600  parts  per  1,00a 


Composition  of  the  BloodrPlasma. 

Specific  granty,  1028, 

Water.  TTt>  parts  per  1,000  in  the  male;  791  parts  per  1,000  in  the  female. 
Chloride  of  iodium,  3  to  4  parts  per  1,000. 
'*         **  potiissium,  0*353  parts  por  1,000. 
**        '*  ommoaium,  proportioii  not  dLnermined. 
Sulp^mle  of  potkLgaa^  0  288  parta  per  1,000, 

*'       "  soda,  proportitm  not  deterniined. 
Carbonate  of  potassa,     «  "  m 

**         "  soda  (with  bicarbcmate  of  soda),  l'2i>0  parts  per  1,000. 

"         "  lime,  proportion  not  determined. 
"  magnciio,     "        "  *• 

Phosphate  of  lime  of  the  bones,  and  neutral  phosphate, 

"         ^*  magnesia, 

"         "  potasBO, 

**  '*  irott  (probable), 

Buic  phosphates  and  neutral  phosphate  of  soda, 
Silica^  copper^  lead,  and  magnesia,  traoos  occaaiootUy. 
Lactate  oi'  soda,  proportion  not  determined. 

"       "  limt*  (probable),  proportion  not  determined. 
Fneumatt:  of  soda,  •*  **  « 

Oleatc  of  soda, 
Margamtc  of  soda, 
St<amte     **     " 
Valerate     "      " 
Butyrate    *'      ^* 
Olfiue, 
Ifaipirinc, 
^learine, 

tcce  tiling,  containing  nitrogen  and  called  pbosphoriased  fatty  matter,  0'400  parta  per  1,000, 
iihiwsc,  0002  parts  per  1,W0. 
Glycogenic  matter,  proportion  not  determined. 
Ino!?ite  (muscles),  »•  "  " 


1-475  parts  per  1,000. 
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Carbonic  acid  in  solution. 

Urea,  01 77  parts  per  1,000,  in  arterial  blood;  0088,  in  the  blood  of  the  renal  yein. 

Urate  of  soda,  proportion  not  determined. 

"      "  potassa  (probable),  proportion  not  determined. 

"      "  Ume,  "  **         " 

"      "  magnesia,    "  "  " 

"      "  ammonia,     "  "         ** 

Sudorates  of  soda,  etc.,  *'         ** 

Inosates,  "         ** 

Oxalates,  "         " 

Creatinine,  "  " 

Leucine,  "         " 

Hypoxanthine,  "  " 

Cholesterine,  04 55  to  0*751  parts  per  1,000,  in  the  entire  blood. 

Rbrin,  8  parts  per  1,000. 
Metalbumen,  22  parts  per  1,000. 
Serine,  58  parts  (dried)  per  1,000. 

(Moist  fibrin,  8*820  parts  per  1,000,  in  the  entire  blood. 

Metalbumen  and  serine  constitute  the  albumen  of  the  older  analyses.    Albumen, 
about  75  parts  [dried]  and  830  parts  [moist]  per  1,000,  in  the  entire  blood.) 
Peptones,  4  parts  (dried)  and  28  parts  (moist)  per  1,000. 
Coloring  matters  of  the  plasma,  proportion  and  characters  not  determined. 


Plasmine,  25  parts  (dried)  per  1,000. 


We  shall  take  the  above  table  as  a  guide  for  our  study  of  the  individual  constituents 
of  the  blood-plasma.  As  regards  gases,  in  addition  to  carbonic  acid,  which  we  have 
classed  with  the  excrementitious  matters,  the  blood  contains  oxygen,  nitrogen,  and 
hydrogen.  The  nitrogen  and  hydrogen  are  not  important,  and  the  relations  of  oxygen 
will  be  fully  considered  under  the  head  of  respiration.  Most  of  the  coloring  matter  of 
the  blood  exists  in  the  red  corpuscles,  which  contain  a  peculiar  principle  which  we 
have  already  considered  in  connection  with  the  chemical  constitution  of  these  bodies. 

In  studying  the  composition  of  the  blood,  as  well  as  the  composition  of  food,  the 
tissues,  socrete<l  fluids,  etc.,  it  is  convenient  to  divide  its  constituents  into  classes,  and  this 
we  have  done  in  the  simplest  manner  possible. 

It  is  evident,  the  blood  receiving  all  the  products  of  disassimilation  as  well  as  the 
nutritive  principles  resulting  from  digestion,  that  there  should  be  a  division  of  its  con- 
stituents into  nutritive  and  excrementitious.  We  have  classed  certain  principles  together 
as  excrementitious.  These  are  the  various  products  of  disassimilation  of  the  organism, 
which  are  taken  up  by  the  blood  or  conveyed  to  the  blood- veesels  by  the  lymphatics, 
exist  in  the  blood,  in  small  quantity,  and  are  constantly  being  separated  from  the  blood 
by  the  different  excreting  organs.  Their  constant  removal  from  the  blood  is  the  expla- 
nation of  the  excessively  minute  proportion  in  which  they  exist  in  this  fluid.  Their 
relations  to  the  organism  will  be  fully  considered  under  the  head  of  excretion. 

Excluding,  then,  for  the  present,  all  consideration  of  the  products  of  disassimilation, 
we  have  to  study  the  various  constituents  of  the  blood  that  are  more  or  less  directly 
concerned  in  nutrition. 

Physiological  chemists  recognize  certain  constituents  of  the  organism,  called  proxi- 
mate principles,  which  may  be  elementary  substances,  but  whicli  are  more  frequently 
compounds.  We  speak  of  chloride  of  sodium  as  a  proximate  principle  existing  in  the 
blood,  because,  as  chloride  of  sodium,  it  gives  to  the  blood  certain  properties.  We  do  not 
regard  the  chemical  elements,  chlorine  and  sodium,  as  proximate  principles,  because  they 
do  not  exist  in  the  blood  uncombined.  Still,  a  proximate  principle  may  be  a  chemical 
element,  as  in  the  case  of  oxygen,  which,  as  oxygen,  performs,  in  the  blood,  certain 
important  functions. 

Adopting,  in  the  main,  the  definition  given  by  Robin,  we  may  regard  as  a  proximate 
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piiocifile,  &  sabstanoe  extracted  from  the  bodj,  which  cannot  be  subdivided  without 
chemical  decompositioD  and  loss  of  certain  cbaracteristlc  properties.  Thb  definition 
^ill  apply  to  all  clasaes  of  proximate  priDciples,  organic  as  well  as  inorganic. 

Taking  as  a  basis,  the  elaj^sification  proposed  by  Eobin,  we  may  divide  the  proximate 
principles  of  the  blood,  and,  indeed,  of  the  entire  organism,  as  follows : 

1.  Inorganic  Prineipht, — This  class  is  of  inorganic  origin,  deiiDite  chemical  compo- 
ikiott,  and  orystallizable.  The  snbstances  forming  it  are  all  introdnced  from  without, 
and  are  all  discharged  from  the  body  in  the  same  form  in  which  thoy  entered.  They 
ife^ver  exist  alone,  bnt  are  always  combined  with  the  organic  principles,  to  form  the 
OffgAitized  fluids  or  soUds.  This  union  is  ^^  atom  to  atom,^'  and  so  intimate  that  tljey  aro 
taken  op  with  the  organic  elements,  as  the  latter  are  worn  ont  and  become  effete,  and 
are  discharged  from  the  body*  although  themselves  unchanged.  To  supply  the  place  of 
tlie  principles  thus  thrown  of!*,  a  fre&h  quantity  la  deposited  in  the  process  of  nutrition. 
Tliey  give  to  the  various  organs  important  properties;  and,  although  identical  with  sub- 
slaDccs  in  the  inorganic  world,  in  tlie  interior  of  the  body,  they  behave  as  organic  sub- 
sCaoeet.  They  require  no  specii^  preparation  for  absorption,  but  are  soluble  and  taken 
in  tmehanged.  They  ore  received  into  the  bmly  in  about  the  same  proportion  at  all 
peHoths  of  hfe,  but  their  discharge  ia  notably  diminished  in  old  age,  giving  rise  to  cal- 
eareou:s  incruMations  and  deposits  and  a  considerable  increase  in  the  caloareoas  matter 
entering  into  the  composition  of  the  tissues.  As  examples  of  this  claas  we  may  cite 
waUr,  chloride  of  sodium,  the  carbonates,  sulphates,  phosphates,  and  other  inorganic 
salt^ 

The  functions  of  water  in  the  blood  are  sufficiently  evident.  It  acts  as  a  solvent  for 
the  inorganic  salts,  the  organic  salts,  and  the  excrementitious  matters.  In  coig unction 
with  tlie  nilrogenized  principles,  it  constitutes  a  meditim  in  which  the  corpuscles  are  sus- 
pended without  solution. 

The  various  salts  enumerated  in  the  table  exist  in  solution  in  water  and  are  more  or 
less  intimately  combined  with  the  coagulable  organic  principles.  Of  these,  the  chloride 
oC  sodium  is  the  most  abundant.  It  undoubtedly  has  an  important  function  in  giving 
daosity  to  die  plasma  and  in  regulating  the  processes  of  endosmosia  and  exosmosls.  In 
oonnoction  with  the  organic  salts  and  crystallizable  excrementitious  matters,  it  may  be 

I  staled,  in  general  terms,  that  the  blood  contiuns  from  14  to  U\  ports  per  1,000  of  matters 
in  actual  solution,  of  which  from  6  to  8  parts  consist  of  murganic  salts.  The  presence  of 
these  principles  in  solution,  with  the  organic  coagulable  principles,  prevents  the  solution 
of  the  corpuscular  eleraenta  of  the  blood.  The  presence  of  the  chlorides  and  the  alka- 
line Hulphates  assists  in  dissolving  the  sulphates,  carbonates,  and  the  calcareous  phos- 
phates. A  portion  of  the  carbonates  and  phosphates  are  decomposed  in  the  system  and 
fomish  bases  for  certain  of  the  organic  salts;,  such  as  the  lactates^  urates,  etc. 

Organie  SiiHne  Prinnpht. — These  principles  ore  for  the  most  part  formed  in  the 

'  Organiinii„  and  they  exist  in  the  blood  in  very  small  quantity.  The  lactates  are  probably 
produced  by  decomposition  of  a  portion  of  the  hi  carbonates  and  the  union  of  the  bases 
with  lactic  acid,  the  lactic  acid  resulting  from  a  change  of  a  portion  of  the  saccliarine 
matter  in  the  blood.  The  pneumate  of  soda  is  the  result  of  the  union  of  xmeumic  acid, 
I  acid  principle  found  in  the  lungs,  with  the  base.     The  physiological  relations  of  these 

[principles  are  little  understood.    The  salts  formed  by  the  union  of  fatty  acids  with  bases 

P  are  probably  produced  by  decomposition  of  the  fatty  principlesi  a  great  part  of  which  is 

I  derived  from  the  food. 

8»   Organic  Kon-nitrogdiUed  Principles. — These  usually  exist  in  the  bluod  in  smfJl 

'(inaotity  and  are  derived  mainly  from  the  food.  Lecethine,  although  it  contains  nitrogen, 
u  introduced  into  this  class  because  it  presents  many  of  the  properties  of  the  fats.     It 

^wsts  in  the  blood,  bile,  nervous  substance,  and  the  yolk  of  egg.    This  princlide  is  sup- 
by  Robin  to  be  almost  identical   with  protagon.     Its  chemical  properties  and 
pbyildogical  relations  are  not  well  understood,     The  saccharine  principles  and  glyco* 
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genio  matter  are  derived  in  part  from  the  food  asd  in  part  from  the  liver,  where  sugar 
and  glycogenic  matter  are  manufactured.  They  are  of  organic  origin,  definite  chemical 
composition,  and  crystallizahle.  The  fats  and  sugars  are  distinguished  from  other  or- 
ganic principles  hy  the  fact  that  they  are  composed  of  carhon,  hydrogen,  and  oxygen. 
In  the  sugars,  the  hydrogen  and  oxygen  exist  in  the  proportion  to  form  water,  which 
fact  has  given  them  the  name  of  hydrocarbons  or  hydrates  of  carbon.  The  principles 
of  this  class  play  an  important  part  in  development  and  nutrition.  One  of  them,  sugar, 
appears  very  early  in  foetal  life,  formed  first  by  the  placenta,  and  afterward  by  the  liver, 
its  formation  by  the  latter  organ  continuing  during  life.  Fat  is  a  necessary  element  of 
food,  and  is  also  formed  in  the  interior  of  the  body.  The  exact  influence  which  these 
substances  have  on  development  and  nutrition  is  not  known ;  but  experiments  and  obser- 
vation have  shown  that  this  influence  is  important.  They  will  be  considered  more  fully 
under  the  head  of  nutrition. 

4.  Excrementitious  Matters, — A  full  consideration  of  these  principles,  which  are  all 
formed  by  the  process  of  disassimilation  of  the  tissues  and  are  taken  up  by  the  blood  to 
be  eliminated  by  the  proper  organs,  belongs  to  excretion.  The  relations  of  carbonic 
acid  to  the  system  will  be  fully  considered  in  connection  with  respiration. 

5.  Organic  Nitrogenued  Principles, — This  class  of  proximate  principles  is  of  organic 
origin,  indefinite  chemical  composition,  and  non-crystallizable.  Substances  forming  this 
class  are  apparently  the  only  principles  which  are  endowed  with  so-called  vital  properties, 
taking  materials  for  their  regeneration  from  the  nutritive  fluids  and  appropriating  them  to 
form  part  of  their  own  substance.  Considered  from  this  point  of  view,  they  are  diflPer- 
ent  from  any  thing  which  is  met  with  out  of  the  living  body.  They  are  all,  in  the  body, 
in  a  state  of  continual  change,  wearing  out  and  becoming  efibte,  when  they  are  trans- 
formed into  excrementitious  substances.  The  process  of  repair  in  this  instance  is  not 
the  same  as  in  inorganic  substances,  which  enter  and  are  discharged  from  the  body  with- 
out imdergoing  any  change.  The  analogous  substances  which  exist  in  food  undergo  a 
very  elaborate  preparation  by  digestion,  before  they  can  even  be  absorbed  by  the  blood- 
vessels ;  and  stiJl  another  change  takes  place  when  they  are  appropriated  by  the  various 
tissues.  They  exist  in  all  the  solids,  semisolids,  and  fluids  of  the  body,  never  alone,  but 
always  combined  with  inorganic  substances.  As  a  peculiarity  of  chemical  constitution, 
they  all  contain  nitrogen,  which  has  given  them  the  name  of  nitrogcnized  or  azotized 
principles.  In  studying  their  properties  more  fully,  wo  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism.  The  elaborate  preparation  which  they  require 
for  absorption  involves  the  most  important  part  of  the  function  of  digestion.  Their  ab- 
solute integrity  is  necessary  to  the  operation  of  the  essential  functions  of  many  tissues, 
as  muscular  contraction  or  conduction  of  nervous  force.  An  exact  knowledge  of  all 
the  transformations  which  take  place  in  their  regeneration  and  the  process  by  which 
they  are  converted  into  efibte  or  excrementitious  matters  would  enable  us  to  comprehend 
nutrition,  which  is  the  most  important  part  of  physiology ;  but  as  yet  we  know  little  of 
these  changes,  and  may  consider  ourselves  fortunate  in  understanding  a  few  of  the  laws 
in  accordance  with  which  they  are  regulated. 

Of  the  difi'erent  classes  of  proximate  principles  existing  in  the  blood,  it  is  at  once 
apparent  that  the  organic  nitrogcnized  principles  are  more  complex  in  their  constitution, 
properties,  and  functions  than  the  other  classes.  These  principles,  as  they  exist  in  the 
blood,  poss4^ss  peculiar  and  characteristic  properties,  which  it  will  be  necessary  to  study 
in  detail. 

Plasm ine^  Fibrin,  MetaJhumen,  Serine, — The  name  plasminc  was  given  by  Denis  to  a 
peculiar  principle  which  he  extracted  from  the  blood  by  the  following  process :  The 
blood  drawn  directly  from  an  artery  or  vein  is  received  into  a  vessel  containing  one-sev- 
enth part  of  its  volume  of  a  concentrated  solution  of  sulphate  of  soda,  which  prevents 
coagulation ;  in  a  short  time  the  corpuscles  gravitate  to  the  bottom  of  the  vessel,  and 
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the  pTiiwnB  may  be  separated  hj  decontation ;  to  the  jiladina  is  added  an  excess  of  ptil- 
olilonde  of  sodium,  when  a  sot\  pulpj  sabsttiuce  is  preoipitattid,  which  ijf  plajs- 
Tllk  8ob«timcdt,  aft<ir  desiccation,  bcara  a  proportion  of  about  twenty-five  parti. 
|i«r  tbottsaod  of  blood.  It  is  soluble  in  from  ttn  to  twenty  parts  of  water,  when  a  por- 
ti(Ni  of  il  coagulates  and  may  be  removed  by  stirring  with  twigs  or  a  bundle  of  broora- 
eom,  iQ  lht>  wny  in  which  fibrin  is  separated  from  the  blood.  The  fibrin  thus  separated 
b  called  by  Denis  concrete  fibrin^  and  the  substance  which  remains  in  solution,  dissolved 
ibflfi.  By  most  writers  of  tlie  present  day,  tlie  dissolved  fibrin  of  Dents  is  called  metal- 
a  name  which  we  shall  adopt, 
ikeoording  to  Denis,  plasmine  is  a  proiumate  principle  of  the  blood,  and,  after  extrac- 
by  lb©  process  just  deacribod,  is  decompoaed  into  concrete  fibrin  and  dissolved 
fiftfla,  or  metalbumen.  Having  removed  the  concrete  fibrin  from  the  solution  of  plas- 
uiiMi,  Cbo  metalbumen  Is  coagulated  by  the  addition  of  sulphate  of  magnesia,  which  doet^ 
not  ooaguUia  ordinary  albumen.  The  proportion  of  dried  metalbumen  in  the  blood  is 
■l»ctl  twenty -I  wo  parts  per  thousand.  The  proportion  of  dried  fibrin  is  about  three 
ptfto  per  thonaand* 

After  the  extraction  of  plasmine  from  tlic  blood,  another  coagnlable  snbstance  re- 
which  is  called  serine.    Thia  is  coagulated  by  heat,  the  strong  mineral  acids,  and 
»liite  alcohol,  but  is  not  coagulated  by  ether,  which  coagulates  albumen  of  the  white 
«ff^    Serine  bears  a  close  resemblance  to  ordinary  albumen,  but  is  stated  to  be  much 
omnotio.    Its  proportion,  desiccated,  in  the  blood  Is  about  fifty-three  parts  per 
tiMraaand. 

We  cimiiot  admit  the  existence  of  new  coagulable  principles  in  the  blood  unless  it  be 

bown  that  the  processes  by  which  they  are  extracted  do  not  involve  decomposition  of 

li^tfd  proximate  constituents.     The  processes  just  described  do  not  seem  to  involve 

L  decomposition*     It  is  perfectly  proper,  in  analyzing  the  blood,  to  prevent  spon* 

ao"  bktion  by  the  addition  of  the  sulphate  of  soda,  as  this  salt  simply  keepis 

ill  '.  without  a|>parently  changing  its  organic  constituents,  and  the  plasmine  is 

dy  precipitate*!  by  the  chloride  of  sodium.     It  is  evident,  also,  that  the  substance 

metalbumen,  being  coagulated   by  sulphate  of  magnesia,  is  not  albumen,  and 

oerind  also  presents  some  important  points  of  difTerence  from  albumen.     Admitting  thtf 

Ijtziistencc,  then,  of  plasmine  and  serine,  it  is  important  to  understand  clearly  the  charac- 

J  of  these  principles  as  compared  with  what  were  formerly  called  fibrin  and  albumen. 

losU^d  of  fibrin  and  albumen  in  the  blood,  we  now  recognize  two  new  principles,  in 

be  naliiraJ  condition  of  the  circulating  fiuld,  which  are  called  plasmine  and  serine.     The 

-  known  as  fibrin  is  one  of  the  products  of  decomposition  of  plasmine.     Metal- 

i  and  serine  constitute  what  was  formerly  called  albumen.     Fibrin  is  nor  a  proxi- 

ate  principle,  but  is  formed  in  the  spontaneous  decomposition  of  plajsmine,     ifetalbn- 

^men  id  the  other  product  of  decomposition  of  plasmine.     The  fibrin  of  arterial  blood 

baa  long  been  known  to  differ  somewhat  from  the  fibrin  of  venous  blood,  when  the  blood 

be^n  allowed  to  coagulate  sp^tntaneously.     Arterial  fibrin  is  insoluble  in  a  solution 

cMoride  of  sodium  which  will  dissolve  the  fibrin  of  venous  blood. 


Aipl^iui,  et6. — A  certain  quantity  of  nitrogenized  matter,  distinct  from  the  principles 
dkacribed,  has  been  extracted  from  the  blood,  wlilcli  is  analogous  to  pei>tt>ue  or 
[>ae.    This  is  separated  by  coagulating  the  serum  of  the  blood  with  hot  acetic 
add  and  filtering,  when  the  peptones  pass  through  in  the  filtrate.     These  principles  arc 
rprobably  derived  from  the  food.     Their  proportion  in  the  plasma  is  about  four  parts. 
rictl,  per  thousand,  or  twenty-eight  parts  before  desiccation, 
Jk.imaJl  quantity  of  coloring  matter  exists  in  the  plasma.     If  we  separate  the  corpus - 
IW^ompletely  as  possible,  the  clear  liquid  still  has  a  reddish-amber  color.     This  col- 
r  matter  has  never  been  isolated  and  studied.    It  Is  analogous  to  tho  coloring  mat- 
I  of  the  red  corpuscles,  the  bile,  and  the  urine. 
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This  liquid,  entirely  free  from  anatomical  elements,  was  enclosed  in  little  sacs  formed 
of  an  animal  membrane  (gold-beater's  skin)  and  introduced  under  the  skin  of  a  living 
rabbit.  At  the  end  of  twelve  hours,  a  few  smaU  leucocytes  and  granulations  had  made 
their  appearance ;  at  the  end  of  twenty-four  hours,  the  fluid  had  become  somewhat 
opaque,  and  contained  a  large  number  of  leucocytes  and  granulations ;  and,  at  the  end 
of  thirty-six  hours,  the  fluid  was  white,  milky,  and  composed  almost  entirely  of  leucocytes 
and  granulations.  The  leucocytes,  which  were  examined  also  by  Prof.  Robin,  presented 
all  the  characters  by  which  these  corpuscles  are  ordinarily  recognized.  These  experi- 
ments were  repeated  with  more  than  forty  different  specimens  of  fluid  from  blisters. 

The  experiments  were  then  varied  in  order  to  show  the  influence  of  the  membrane 
and  the  composition  of  the  blastema  upon  the  development  of  leucocytes.  By  modify- 
ing the  membrane  in  which  the  blastema  was  enclosed,  it  was  found  that  the  corpuscles 
were  rapidly  developed  in  proportion  to  the  activity  of  the  osmotic  action.  When  thick 
animal  membranes  were  used,  their  development  was  slow,  and,  in  some  instances,  did 
not  take  place  at  all.  There  was  no  development  of  leucocytes  in  a  clear  blastema  en- 
closed in  a  sac  of  caoutchouc  or  in  glass  tubes  hermetically  sealed ;  and  from  this  it  was 
concluded  that  osmotic  action  is  a  necessary  condition,  and  that  the  mere  heat  of  the 
body  is  not  sufficient  to  develop  these  corpuscles,  even  in  an  appropriate  blastema.  The 
influence  of  this  constant  molecular  movement  is  in  striking  contrast  to  the  conditions 
of  absolute  repose  which  are  so  essential  to  the  formation  of  crystals  from  ordinary 
saline  solutions. 

One  of  the  most  interesting  points  in  these  experiments  is  connected  with  the  influ- 
ence of  the  composition  of  the  blastema  upon  the  development  of  leucocytes.  It  was 
found  that  these  bodies  were  never  developed  in  a  blastema  in  which  the  fibrin  had  been 
coagulated.  Experimenting  with  two  liquids,  the  only  difference  in  their  constitution 
being  that  in  one  the  fibrin  had  been  coagulated  by  repeatedly  plunging  the  glass  tube  in 
which  it  was  contained  into  cool  water,  while  the  other  was  kept  at  the  ordinary  tem- 
perature, a  little  bicarbonate  of  soda  being  added  to  prevent  coagulation,  it  was  found 
that  leucocytes  were  developed  as  usual  in  the  fluid  which  contained  the  fibrinous  elements, 
and  that  none  appeared  in  the  other.  On  placing  the  liquid  with  its  coagulum  enclosed 
in  a  sac  under  the  skin,  it  was  found  that,  after  a  time,  tlie  fibrin  was  redissolved,  but 
no  leucocytes  made  their  appearance. 

The  theory  which  has  for  its  motto,  omnis  cellula  e  cellula,  receives  no  support  from 
these  experiments.  Onimus  added  to  fluids  which  had  been  deprived  of  fibrinous  matters, 
epithelial  cells  and  pus-corpuscles,  but,  even  after  thirty-six  hours,  he  never  found  any 
additional  development  of  corpuscular  elements.  Leucocytes  added  to  fluids  in  which 
the  fibrinous  elements  were  unchanged  did  not  seem  to  exert  any  influence  upon  the  de- 
velopment of  new  corpuscles. 

Elementary  Corpuscles. — Little  granules  are  found  in  the  blood,  especially  during 
digestion,  which,  as  they  were  supposed  to  take  part  in  the  formation  of  the  white  cor- 
puscles, have  been  called  elementary  granules  or  corpuscles.  They  probably  are  little 
fatty  particles  of  the  chyle  which  come  from  the  thoracic  duct,  and  are  not  positively 
known  to  have  any  connection  with  the  formation  of  the  other  corpuscular  elements  of 
the  blood. 

Composition  of  the  Red  Corpuscles. 

The  red  corpuscles  of  the  blood  contain  an  organic  nitrogenized  principle,  called 
globuline,  combined  with  inorganic  principles  and  a  coloring  matter.  The  composition 
of  the  leucocytes  has  not  been  accurately  determined.  The  inorganic  matters  contained 
in  tlic  red  corpuscles  are  in  a  condition  of  intimate  union  with  the  other  constituents, 
and  can  only  be  separated  by  incineration.  It  may  be  stated,  in  general  terms,  that 
most,  if  not  all  of  the  various  inorganic  constituents  of  the  plasma  exist  also  in  the  cor- 
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HsBmatine  may  be  produced  by  decoraposition  of  hasmaglobine,  by  a  process  which 
it  is  not  necessary  to  describe,  as  tbe  h»inatine  is  not  a  proximate  principle.  Hsematoi- 
dine  is  also  a  product  of  decomposition  of  hssmaglobine,  but  it  does  not  contain  iron. 
Haematoidine  is  more  interesting,  however,  from  the  fact  that  it  is  frequently  found  in 
old  clots  that  have  been  long  extravasated  in  the  tissues.  Hobin  found  a  notable  quan- 
tity of  crystals  of  hsBmatoidine  in  a  cyst  of  the  liver. 

Assuming,  as  we  certainly  may,  that  the 
blood  furnishes  material  for  the  nourishment 
of  all  the  tissues  and  organs,  we  should  ex- 
pect to  find  entering  into  its  composition  all 
the  proximate  principles  existing  in  the  body 
which  undergo  no  change  in  nutrition,  like 
the  inorganic  principles,  and  organic  matters 
capable  of  being  converted  into  the  organic 
elements  of  every  tissue.  Forth ermore,  as 
the  products  of  waste  are  all  taken  up  by  the 
blood  before  their  final  elimination,  these  also 
should  enter  into  its  composition.  With  these 
facts  in  our  minds,  we  can  readily  appreciate 
the  importance  of  accurate  proximate  ana- 
lyses of  the  circulating  fluid. 

Notwithstanding  the  immense  amount  of 
labor  bestowed  by  the  most  eminent  chemists 
of  the  day  upon  the  quantitative  analysis  of 
the  blood,  and  the  great  physiological  interest 
attaching  to  every  advance  in  our  knowledge 
in  this  direction,  the  chemical  difiiculties  in- 
volved are  so  great,  that  even  now  there  are 
no  analyses  which  give  the  exact  quantities 
of  each  of  its  inorganic  constituents.  This  is 
owing  to  the  great  difficulty  in  the  analysis  of 
any  fluid  in  which  inorganic  and  organic  prin- 
ciples are  so  closely  united ;  for  there  is  no 
more  delicate  problem  in  analytical  chemistry 
than  the  determination  of  the  presence  and  the 
proportions  of  inorganic  substances  united  with 
organic  matter.  Of  the  animal  fluids  which  are  easily  obtained,  the  blood,  from  the  large 
proportion  of  difi'erent  organic  principles  which  enter  into  its  composition,  presents  the 
greatest  difficulties  to  the  analytical  chemist.  Another  difficulty  is  the  necessity  of  a 
proximate,  and  not  an  ultimate  analysis.  It  is  not  sufficient  to  give  the  amount  of  cer- 
tain chemical  elements  which  the  blood  contains;  we  must  ascertain  the  amount  of 
these  elements  in  the  state  of  union  with  each  other  to  form  proximate  principles. 

Most  of  the  constituents  of  the  blood  are  found  both  in  the  corpuscles  and  plasma. 
It  is  difficult  to  determine  all  of  the  different  constituents  of  these  two  parts  of  the  blood. 
It  has  been  shown,  however,  by  Schmidt,  of  Dorpat,  that  the  phosphorized  fats  are  more 
abundant  in  the  globules,  while  the  fatty  acids  are  more  abundant  in  tlie  plasma.  The 
salts  with  a  potash-base  have  been  found  by  the  same  observer  to  exist  almost  entirely 
in  the  corpuscles,  and  the  soda-salts  are  four  times  more  abundant  in  the  plasma  than  in 
the  corpuscles.  In  addition  to  the  nutritive  principles,  we  have,  entering  into  the  com- 
position of  the  blood,  urea,  cholesterine,  urate  of  soda,  creatine,  creatinine,  and  other 
substances  the  characters  of  which  are  not  yet  fully  determined,  belonging  to  the  class 
of  excrementitious  principles.  Their  consideration  comes  more  appropriately  under  the 
head  of  excretion,  and  they  will  be  fully  taken  up  in  the  chapters  devoted  to  that  subject 


Fio.  7. —Crystallized  fuemaglohine.    (Oauticr.) 
ri,  ft,  crystals  from  the  venoas  blood  of  roan ;  c,  blood 
of  the  cat ;  rf,  blood  of  the  Oulnoa  jii^f ;  «,  blood 
of  the  marmot ;  /,  blood  of  the  squirrel.    (Oau- 
tier.) 
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Carbonic  acid  in  solution. 

Urea,  OH?  parts  per  1,000,  in  arterial  blood ;  0*088,  in  the  blood  of  the  renal  yeln. 

Urate  of  soda,  proportion  not  determined. 

"     "  potassa  (probable),  proportion  not  determined 

"     "  lime,  "  "         "  " 

"      "  magnesia,    "  "         "  " 

"      "  ammonia,    "  "         *'  " 

Sudorates  of  soda,  etc.,  *'         "  " 

Inosates,  "         **  " 

Oxalates,  "         "  " 

Creatinine,  "  "  " 

Leucine,  **         "  ** 

Hypoxanthine,  "  "  ** 

Cholesterine,  0*455  to  0*751  parts  per  1,000,  in  the  entire  blood. 

Fibi-in,  8  parts  per  1,000. 
Metalbumen,  22  parts  per  1,000. 
Serine,  53  parts  (dried)  per  1,000. 

(Moist  fibrin,  8*820  parts  per  1,000,  in  the  entire  blood. 

Metalbumen  and  serine  constitute  the  albumen  of  the  older  analyses.    Albumen, 
about  75  parts  [dried]  and  380  parts  [moist]  per  1,000,  in  the  entire  blood.) 
Peptones,  4  parts  (dried)  and  28  parts  (moist)  per  1,000. 
Coloring  matters  of  the  plasma,  proportion  and  characters  not  determined. 


Plasmine,  25  parts  (dried)  per  1,000. 


f) 


We  shall  take  the  above  table  as  a  guide  for  oar  stady  of  the  individual  constituents 
of  the  blood-plasma.  As  regards  gases,  in  addition  to  carbonic  acid,  vrhich  we  have 
classed  with  the  excrementitious  matters,  the  blood  contains  oxygen,  nitrogen,  and 
hydrogen.  The  nitrogen  and  hydrogen  are  not  important,  and  the  relations  of  oxygen 
will  be  fully  considered  under  the  head  of  respiration.  Most  of  the  coloring  matter  of 
the  blood  exists  in  the  red  corpuscles,  which  contain  a  peculiar  principle  which  we 
have  already  considered  in  connection  with  the  chemical  constitution  of  these  bodies. 

In  studying  the  composition  of  the  blood,  as  well  as  the  composition  of  food,  the 
tissues,  secreted  fluids,  etc.,  it  is  convenient  to  divide  its  constituents  into  classes,  and  this 
we  have  done  in  the  simplest  manner  possible. 

It  is  evident,  the  blood  receiving  all  the  products  of  disassimilation  as  well  as  the 
nutritive  principles  resulting  from  digestion,  that  there  should  be  a  division  of  its  con- 
stituents into  nutritive  and  excrementitious.  We  have  classed  certain  principles  together 
as  excrementitious.  These  are  the  various  products  of  disassimilation  of  the  organism, 
which  are  taken  up  by  the  blood  or  conveyed  to  the  blood- veesels  by  the  lymphatics, 
exist  in  the  blood,  in  small  quantity,  and  are  constantly  being  separated  from  the  blood 
by  the  different  excreting  organs.  Their  constant  removal  from  the  blood  is  the  expla- 
nation of  the  excessively  minute  proportion  in  which  they  exist  in  this  fluid.  Their 
relations  to  the  organism  will  be  fully  considered  under  the  head  of  excretion. 

Excluding,  then,  for  the  present,  all  consideration  of  the  products  of  disassimilation, 
we  have  to  study  the  various  constituents  of  the  blood  that  are  more  or  less  directlpr 
concerned  in  nutrition. 

Physiological  chemists  recognize  certain  constituents  of  the  organism,  called  proxi- 
mate principles,  which  may  be  elementary  substances,  but  whicli  are  more  frequently 
compounds.  We  speak  of  chloride  of  sodium  as  a  proximate  principle  existing  in  the 
blood,  because,  as  chloride  of  sodium,  it  gives  to  the  blood  certain  properties.  We  do  not 
regard  the  chemical  elements,  chlorine  and  sodium,  as  proximate  principles,  because  they 
do  not  exist  in  the  blood  uncombined.  Still,  a  proximate  principle  may  be  a  chemical 
element,  as  in  the  case  of  oxygen,  which,  as  oxygen,  performs,  in  the  blood,  certain 
important  functions. 

Adopting,  in  the  main,  the  definition  given  by  Robin,  we  may  regard  as  a  proximate 
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^rlnetple,  a  sabstaoce  extracted  from  the  bodj,  which  caunot  be  sQbdivtded  without 
rhemictil  decomposition  aud  loss  of  certain  characteribtic  properties.  This  d^ctfinition 
will  apply  to  all  classes  of  proximate  prinoiples^  organic  as  well  as  intirganic. 

Taking  aa  a  basis^  the  classificatioQ  proposed  by  Bobln,  we  may  divide  tbe  proximate 
principles  of  the  blood,  and,  indeed,  of  the  entire  organism,  as  follows : 

I.  In&rgnnk  PrinrtpUs. — This  class  is  of  inorgjinic  origin,  detinite  chemical  compo- 
sitioQ,  and  crystallizable.  The  subataoces  forming  it  are  all  iutroduced  from  without, 
■ad  are  all  discharged  from  the  body  in  the  same  form  in  which  ihey  entered.  They 
neTer  exist  alone,  bnt  are  always  combined  with  the  organic  principles,  to  form  tlie 
organixed  fluids  or  solids.  This  union  is  *^atom  to  atom/^  and  so  intimate  that  they  ard 
tziken  np  with  the  organic  element*?,  as  the  latter  are  worn  ont  and  become  effete,  and 
are  discharged  from  the  body,  although  themselves  unchanged.  To  supply  the  jtlace  of 
the  principles  thus  thrown  off,  a  fresh  quantity  is  deposited  in  the  process  of  nutrition. 
They  give  to  the  varlona  organs  important  properties;  and,  although  identical  with  sub- 
stances in  the  inorganic  world,  in  the  interior  of  the  body,  they  behave  as  organic  sab- 
stances.  They  reijaire  no  special  preparation  for  absorption,  but  are  sohible  and  taken 
in  unchanged.  They  are  received  into  the  body  In  about  the  same  proportion  at  all 
periods  of  hfe^  bat  their  discharge  is  notably  diminished  in  old  age,  giving  rise  to  cal- 
rmreons  incrustations  and  deposits  and  a  considerable  increase  in  the  calcareooa  matter 
entering  into  the  composition  of  the  tissues.  As  es^amples  of  this  class  we  may  cite 
water,  chloride  of  sodiom,  the  carbonates,  sulphates,  phosphates,  and  other  inorganic 
siilta. 

Tlie  fuDclions  of  water  in  the  blood  are  sufficiently  e\ident.  It  acts  as  a  solvent  for 
the  inorganic  salts,  the  organic  salts,  and  the  eiccrementitious  matters.  In  coiy auction 
with  the  nitrogenized  principles,  it  constitutes  a  medium  in  which  the  corpuscles  are  sus- 
pended without  84^1ution, 

The  various  salts  enmneratcd  in  the  table  exist  in  solution  in  water  and  are  more  or 
Ic*«  intimately  combined  with  the  coagulable  organic  principles.  Of  these,  the  chloride 
,4  w>d!nra  is  the  most  abundant.  It  xmdoubtedly  huii  an  important  function  in  giving 
•  the  plasma  and  in  regulating  the  processes  of  eudosmosis  and  exosmobis.  In 
m  with  the  organic  salts  and  crystallizable  excrementitious  matters,  it  may  be 
stat^^d,  in  general  terms,  that  the  blood  contains  from  14  to  1(1  parts  per  1,000  of  matters 
in  actual  solution,  of  which  from  6  to  8  parts  consist  of  inorganic  salts.  The  presence  of 
tbCM  principled  in  solution,  with  the  organic  coagulable  principles,  prevents  the  solution 
oi  the  corpuscular  elements  of  tlie  blood.  The  presence  of  the  chlorides  and  the  alka- 
liiM  Bolphatea  assists  in  dissolving  the  sulphates,  carbonates,  and  the  calcareous  plios- 
phates.    A  portion  of  the  carbonates  and  phosphates  are  decomposed  in  the  system  and 

^Iktmiah  bases  for  certain  of  the  organic  salts,  such  as  tlie  lactates,  urates,  etc. 

'%  Organic  S^Hine  PnnciphM. — These  principles  are  for  the  most  piirt  formed  in  the 
aism,  and  they  exist  in  the  blood  in  very  small  quantity.     The  lactates  are  probably 

[  produced  by  decomposition  of  a  portion  of  the  bicarbonatcs  and  the  union  of  the  bases 
ritJi  lactic  acid,  the  lactic  acid  resulting  from  a  change  of  a  portion  of  the  saccharine 
EDatter  in  the  blood.  The  pneumate  of  soda  is  the  result  of  the  union  of  pneumic  acid, 
an  tcid  principle  found  in  the  lungs,  with  the  base.     The  physiological  relations  of  these 

Iprindplcs  are  little  understood.     The  salts  formed  by  the  union  of  fatty  acids  with  baaea 

kaT«  probably  produced  by  decomposition  of  the  fatty  principles,  a  great  part  of  which  is 
derived  from  the  fowL 

9.  Orgafiie  KoJi-nitrogmized  Prineiphs.—Tliem  usually  exist  in  the  blood  in  small 
qofuiitty  and  are  derived  mainly  from  the  food.  Lecethine,  although  it  contains  nitrogen, 
ta  introdnC'ed  into  this  class  because  it  presents  many  of  the  properties  of  the  fats.     It 

L 'Qsiflls  in  the  blood,  bile,  nervous  substance,  and  the  yolk  of  egg.     This  principle  is  sup- 
by  Robin  to  be  almost  identicaJ  with  protagon.     Its  chemical  properties  and 

physiological  relations  are  not  well  understood.    The  saccharine  principles  and  glyco- 
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genie  matter  are  derived  in  part  from  the  food  and  in  part  from  the  liver,  where  sugar 
and  glycogenic  matter  are  manafactured.  Thej  are  of  organic  origin,  definite  chemical 
composition,  and  crystallizable.  The  fats  and  sugars  are  distinguished  from  other  or- 
ganic principles  hj  the  fact  that  they  are  composed  of  carbon,  hydrogen,  and  oxygen. 
In  the  sugars,  the  hydrogen  and  oxygen  exist  in  the  proportion  to  form  water,  which 
fact  has  given  them  the  name  of  hydrocarbons  or  hydrates  of  carbon.  The  principles 
of  this  class  play  an  important  part  in  development  and  nutrition.  One  of  them,  sugar, 
appears  very  early  in  foetal  life,  formed  first  by  the  placenta,  and  afterward  by  the  liver, 
its  formation  by  the  latter  or^an  continuing  during  life.  Fat  is  a  necessary  element  of 
food,  and  is  also  formed  in  the  interior  of  the  body.  The  exact  influence  which  these 
substances  have  on  development  and  nutrition  is  not  known ;  but  experiments  and  obser- 
vation have  shown  that  this  influence  is  important.  They  will  be  considered  more  fully 
under  the  head  of  nutrition. 

4.  Excrementitious  Matters, — A  full  consideration  of  these  principles,  which  are  all 
formed  by  the  process  of  disassimilation  of  the  tissues  and  are  taken  up  by  the  blood  to 
be  eliminated  by  the  proper  organs,  belongs  to  excretion.  The  relations  of  carbonic 
acid  to  the  system  will  be  fully  considered  in  connection  with  respiration. 

5.  Organic  Kitrogenized  Principles, — This  class  of  proximate  principles  is  of  organic 
origin,  indefinite  chemical  composition,  and  non-crystallizable.  Substances  forming  this 
class  are  apparently  the  only  principles  which  are  endowed  with  so-called  vital  properties, 
taking  materials  for  their  regeneration  from  the  nutritive  fiuids  and  appropriating  them  to 
form  part  of  their  own  substance.  Considered  from  this  point  of  view,  they  are  diflPer- 
ent  from  any  thing  which  is  met  with  out  of  the  living  body.  They  are  all,  in  the  body, 
in  a  state  of  continual  change,  wearing  out  and  becoming  efi^ete,  when  they  are  trans- 
formed into  excrementitious  substances.  The  process  of  repair  in  this  instance  is  not 
the  same  as  in  inorganic  substances,  which  enter  and  are  discharged  from  the  body  with- 
out undergoing  any  change.  The  analogous  substances  which  exist  in  food  undergo  a 
very  elaborate  preparation  by  digestion,  before  they  can  even  be  absorbed  by  the  blood- 
vessels ;  and  stiJl  another  change  takes  place  when  they  are  appropriated  by  the  various 
tissues.  They  exist  in  all  the  solids,  semisolids,  and  fluids  of  the  body,  never  alone,  but 
always  combined  with  inorganic  substances.  As  a  peculiarity  of  chemical  constitution, 
they  all  contain  nitrogen,  which  has  given  them  the  name  of  nitrogenized  or  azotized 
principles.  In  studying  their  properties  more  fully,  we  shall  see  that  they  are  by  far  the 
most  important  elements  in  the  organism.  The  elaborate  preparation  which  they  require 
for  absorption  involves  the  most  important  part  of  the  function  of  digestion.  Their  ab- 
solute integrity  is  necessary  to  the  operation  of  the  essential  functions  of  many  tissues, 
as  muscular  contraction  or  conduction  of  nervous  force.  An  exact  knowledge  of  all 
the  transformations  which  take  place  in  tlieir  regeneration  and  the  process  by  which 
they  are  converted  into  efibte  or  excrementitious  matters  would  enable  us  to  comprehend 
nutrition,  which  is  the  most  important  part  of  physiology ;  but  as  yet  we  know  little  of 
these  clmnges,  and  may  consider  ourselves  fortunate  in  understanding  a  few  of  the  laws 
in  accordance  with  which  they  are  regulated. 

Of  the  difibrent  classes  of  proximate  principles  existing  in  the  blood,  it  is  at  once 
apparent  tliat  the  organic  nitrogenized  principles  are  more  complex  in  their  constitution, 
properties,  and  functions  than  the  other  classes.  These  principles,  as  they  exbt  in  the 
blood,  possess  peculiar  and  characteristic  properties,  which  it  will  be  necessary  to  study 
in  detail. 

Plasm ine,  Filrin^  3£etalbumen,  Serine, — The  name  plasraine  was  given  by  Denis  to  a 
peculiar  principle  which  he  extracted  from  the  blood  by  the  following  process :  The 
blood  drawn  directly  from  an  artery  or  vein  is  received  into  a  vessel  containing  one-sev- 
enth ])art  of  its  volume  of  a  concentrated  solution  of  sulphate  of  soda,  which  prevents 
coagulation ;  in  a  short  time  the  corpuscles  gravitate  to  the  bottom  of  the  vessel,  and 
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tte  |>liimi  tttAf  be  separated  \>j  deeimtation ;  to  the  pluAoia  Is  added  an  exoess  of  pul- 

^Yefixad  «  f  sodium^  when  a  m%  pulp/  Bubstaooe  is  precipitated^  which  is  plas* 

iiatiie.     '1  nce^  ai'ter  do^kcation^  boars  a  proportion  of  about  twcuty-tive  ptirt^ 

\  per  tiioQsiAud  of  biood.     It  is  soluble  in  from  ten  to  twenty  porta  of  water,  when  a  por- 

tioQ  uf  it  cto{igulat«>D  and  amy  be  removed  by  stirring  with  twiga  or  a  bundle  of  broom- 

com,  in  the  way  tn  which  fibrin  is  separated  from  the  blood.    The  fibrin  thus  separated 

ii  iulU<m1  by  Denis  concrete  fibrin^  and  the  substance  which  remains  in  solution^  dissolved 

fibrin.     By  most  writers  of  the  present  day,  the  dissolved  fibrin  of  Denis  is  called  metal- 

bamen,  a  name  which  we  nhall  adopt. 

According  to  Denis,  pltLsmine  is  a  proximate  principle  of  the  blood,  and,  after  extrac- 
fioii  by  the  process  just  described,  is  decomposed  into  concrete  fibrin  and  dissolved 
filoiiif  or  metal  bum  en.  Qaying  removed  the  concrete  fibrin  from  the  solution  of  plas- 
mine,  the  metalbnmen  is  coagulated  by  the  addition  of  sulphate  of  magnesia,  which  doe- 
nol  coagulate  ordinary  albamen.  The  proportion  of  dried  metalbumen  in  the  blood  is 
afaoot  twenty-two  parts  per  thousand.  The  proportion  of  dried  fibrin  is  about  three 
parta  per  thousand. 

After  the  ejctraction  of  plasmine  from  the  blood,  another  coagulable  substance  re- 
lins,  which  is  c4dled  serine.  This  is  coagulated  by  heat,  the  strong  mineral  acids,  and 
abeolote  alcohol,  but  is  nut  coagulated  by  ether^  which  coagulates  albumen  of  the  white 
of  0ggi  Serine  bears  a  cloi^e  resemblance  to  ordinary  ^bumen,  but  is  stated  to  be  much 
I  Mmocic.  Its  proportion,  desiocated,  in  the  blood  is  abont  fifty-three  parts  per 
llltotisiuid. 

We  cannot  admit  the  existence  of  new  coagulable  principles  in  the  blood  unless  it  be 
J^own  that  the  processes  by  which  they  are  extracted  do  not  involve  decomposition  of 
i  proximate  constituents.     The  processes  just  described  do  not  seem  to  involve 
ctsl  d<My>inpo8ition.    It  is  perfectly  proper,  in  analyzing  the  blood,  to  prevent  «fpon- 
Bc  ilation  by  the  addition  of  the  sulphate  of  soda,  as  this  salt  simply  keeps 

\'  I  without  apparently  chan^ng  its  organic  constituents,  and  the  plasmine  ii* 

ply  precipitated  by  the  chloride  uf  sodium.  It  is  evident,  also,  that  the  substance 
«^efl  metalbumen,  being  coagulated  by  sulphate  of  magnesia,  is  not  albumen,  and 
cerinc  also  presents  some  important  points  of  difference  from  albumen*  Admitting  th^ 
eaaattsnce,  then,  of  plasnnne  and  serine,  it  is  important  to  understand  clearly  the  charac- 
ter! of  these  principles  m  compared  with  what  were  formerly  called  fibrin  and  albumen. 
Inalead  of  fibrin  and  albumen  in  the  blood,  we  now  recognize  two  new  principles,  in 
the  lUltnral  condition  of  the  circulating  duiil,  which  are  called  plasmine  and  serine.  The 
fobttance  known  as  fibrin  is  one  of  the  products  of  decomposition  of  plasmlue.  Metal- 
biimeii  and  serine  constitute  what  was  formerly  called  albumen.  Fibrin  is  not  a  proxi- 
mate principle,  but  is  formed  in  the  spontaneous  decomposition  of  plasmine.  Met^ilbu- 
nusn  is  the  other  product  of  decomposition  of  plasmine.  The  fibrin  of  arterial  blood 
hm  lung  been  known  to  ditiFer  somewhat  from  the  fibrin  of  venous  liluud,  when  the  blood 
been  allowed  to  coagulate  spontaneously.  Arterial  fibrin  is  insoluble  in  a  solution 
'  chloride  of  sodium  which  will  dissolve  the  fibrin  of  venous  blood. 
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Papt^mes^  eU, — A  certain  quantity  of  nitrogenized  matter,  distinct  from  the  principles 
jnrt  deecribed,  has  been  extracted  from  the  blood,  which  is  analogous  to  peptone  or 
aibiuiunose.  This  is  separated  by  coagulating  the  serum  of  the  blood  with  hot  acetic 
acid  and  filtering,  when  the  peptones  pass  through  in  the  filtrate.  These  principles  are 
prolmbly  derired  from  tlie  food.  Their  proportion  in  the  plasma  is  about  four  parts. 
diMt  per  thousand,  or  twenty -eight  parts  before  desiccation. 

A  email  quantity  of  coloring  matter  exists  in  the  plasma.  If  we  separate  the  corjjus- 
ekm  «a  completely  as  possible,  the  clear  liquid  still  has  a  reddish-amber  color.  This  col- 
orillg  matter  has  never  been  isolated  and  studied.  It  is  analogous  to  the  coloring  mat- 
ten  of  the  red  corpuscles,  th«^  bile,  and  the  urine. 
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In  addition  to  the  organic  nitrogenized  principles  which  we  have  described,  some 
authors  recognize  a  substance  called  paraglobuline,  or  fibrinoplastio  matter,  and  fibrino- 
genic  matter.  These  are  supposed  to  be  factors  of  fibrin,  which  come  together  in  the 
coagulation  of  the  blood.  They  will  be  considered  in  connection  with  the  theories  of 
coagulation.  The  so-called  albuminates  of  soda  and  potassa  have  not  been  positively 
established  as  proximate  principles. 

Coagulation  of  the  Blood. 

The  remarkable  property  in  the  blood  of  spontaneous  coagulation  has  been  recog- 
nized almost  as  far  back  as  we  can  look  into  the  history  of  physiology ;  and,  since  the 
discovery  of  the  circulation,  there  have  been  few  subjects  connected  with  the  physiology 
of  the  blood  which  have  excited  more  universal  interest ;  but  the  ideas  with  regard  to 
the  cause  of  this  phenomenon  were  for  a  long  time  entirely  speculative.  The  first  defi- 
nite experiments  upon  this  subject  were  performed  by  Malpighi.  He  was  followed  by 
Borelli,  Ruysch,  and  a  host  of  others,  who  hold  conspicuous  places  in  the  history  of  our 
science,  among  whom  may  be  mentioned  Hunter,  Hew  son,  Mtiller,  Thackrah,  J,  Davy, 
Magendie,  Nasse,  and  Dumas.  Although  much  labor  has  been  expended  on  this  subject, 
the  final  cause  of  coagulation  is  by  no  means  definitely  settled. 

The  blood  retains  its  fluidity  while  it  remains  in  the  vessels  and  circulation  is  not 
interfered  with.  It  is  then  composed,  as  we  have  seen,  of  a  clear  plasma,  holding  cor- 
puscles in  suspension.  Shortly  after  the  circulation  is  interrupted,  or  after  blood  is 
drawn  from  the  vessels,  it  coagulates  or  "  sots  "  into  a  jelly-like  mass.  In  a  few  hours, 
we  find  that  contraction  has  taken  place,  and  a  clear,  straw-colored  fluid  has  been  ex- 
pressed, the  blood  thus  separating  into  a  solid  portion,  the  crassamentum,  or  clot,  and  a 
liquid,  which  is  called  serum.  The  scrum  contains  all  the  elements  of  the  blood  except 
the  red  corpuscles  and  flbrin,  which  together  form  the  clot.  Coagulation  takes  place  in 
the  blood  of  all  animals,  commencing  a  variable  time  after  its  removal  from  the  vessels. 
In  the  human  subject,  according  to  Nasse,  when  the  blood  is  received  into  a  moderately- 
deep,  smooth  vessel,  the  phenomena  of  coagulation  present  themselves  in  the  following 
order : 

First,  a  gelatinous  pellicle  forms  on  the  surface,  which  occurs  in  from  one  minute  and 
forty-flve  seconds  to  six  minutes ;  in  from  two  to  seven  minutes,  a  gelatinous  layer  has 
formed  on  the  sides  of  the  vessel ;  and  the  whole  mass  becomes  of  a  jelly-like  consistence,  in 
from  seven  to  sixteen  minutes.  Contraction  then  begins,  and,  if  we  watch  the  surface 
of  the  clot,  we  see  little  drops  of  clear  serum  making  their  appearance.  Tliis  fluid  in- 
creases in  quantity,  and,  in  from  ten  to  twelve  hours,  separation  is  complete.  The  clot, 
which  is  heavier,  sinks  to  the  bottom  of  the  vessel,  unless  it  contain  bubbles  of  gas  or 
the  surface  be  very  concave.  In  most  of  the  warm-blooded  animals,  the  blood  coagulates 
more  rapidly  than  in  man.  It  is  particularly  rapid  in  the  class  of  birds,  in  some  of  which 
it  takes  place  almost  instantaneously.  Observations  have  shown  that  coagulation  is  more 
rapid  in  arterial  than  in  venous  blood.  In  the  former,  the  proportion  of  fibrin  formed  is 
notably  greater,  and,  as  we  have  seen,  the  characters  of  the  fibrin  are  somewhat  diflTer- 
ent.  A  solution  of  chloride  of  sodium  dissolves  the  fibrin  of  venous  blood,  but  does  not 
dissolve  the  fibrin  of  an  arterial  clot. 

The  relative  proportions  of  the  serum  and  clot  are  very  variable,  unless  we  include  in 
our  estimate  of  the  serum  that  portion  which  is  retained  between  the  meshes  of  the  coag- 
ulated mass.  As  the  clot  is  composed  of  corpuscles  and  fibrin,  and  as  these  in  their 
moist  state  represent  in  general  terms  about  one-half  of  the  blood,  it  may  be  stated 
that,  after  coagulation,  the  actual  proportions  of  the  clot  and  scrum  are  about  equal. 
If  we  take  simply  the  serum  which  separates  spontaneously,  we  have  a  large  quantity 
when  the  clot  is  densely  contracted,  and  a  very  small  quantity  when  it  is  loose  and 
soft.    Usually,  the  clot  retains  about  one-fifth  of  the  serum. 
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CKaraeUn  qf  the  ChL — On  removing  tb©  clot,  after  the  separation  of  the  aernin  is 
■likte.  It  pr«9Gnts  &  gelatinous  consistence,  and  ie  more  or  less  tinn,  ai'cordmg  to  tbo 
1  of  contraction  which  has  taken  place.  As  a  general  rule,  when  coagulation  has 
1  rapid,  the  clot  is  soft  and  hut  slightly  contracted.  When,  on  the  4*ther  hand,  eoagu- 
\M&fm  has  been  t^low,  it  contractus  for  a  long  time  and  is  much  denser.  Wbcn  coagulation 
ii  ilow,  the  clot  fretiueatly  presents  what  is  known  as  tlie  cupped  appearance,  having  a 
eoitCAre  sorfkoe,  a  phenuiuenon  which  depends  itierely  on  the  extent  of  ita  contraction. 
It  alao  presents  a  marked  ditlerence  in  color  at  its  upper  portion.  The  blood  having 
remained  finid  for  some  time,  the  red  corpuscles  settle,  by  virtue  of  their  greater  weight, 
tearing  a  colorless  layer  on  the  top.  This  is  the  hufly-coat  spoken  of  by  some  authors. 
Althongh  this  frequently  presents  itself  in  the  bluod  drawn  in  inHammations,  it  is  by  no 
ueoos  pathognomonic  of  this  condition^  and  is  liable  to  occur  whenever  coagulation  is 
^w  or  has  been  retarded  by  artificial  means.  It  is  always  present  in  the  blood  of  the 
Examined  microscopically,  tlie  bntfy-coat  presents  fibrils  of  coagulated  fibrin 
some  of  the  white  corpuscles  of  tlje  blood.  On  removing  a  clot  of  venous  blood 
Dm  the  serum,  the  upper  surface  is  florid  from  contact  with  the  air,  while  the  rest  of  it 
^dsrk;  and,  on  making  a  section,  if  tlie  coagulation  have  not  been  too  rapid,  the  gravi- 
ttliMI  of  the  red  corpuscles  is  apparent*  The  section,  which  is  at  first  almost  black,  soon 
!ieooiiies  red  from  contact  with  the  atmosphere.  If  the  clot  be  cut  into  small  pieces,  it 
iriQ  undergo  &rther  contraction,  and  express  a  part  of  the  contained  senim.  If  the  clot 
►  wnslidd  under  a  stream  of  water,  at  the  same  time  kneading  it  with  the  fingers,  we 
■  remove  almost  all  the  red  corpuscles,  leaving  the  incahes  of  fibrin,  which^  ou  micro- 
leiaminatioD,  presents  the  fibrillated  appearance  to  which  we  have  already  referred. 


Charaeten  of  the  Serum. — After  coagulation,  if  the  serum  be  carefully  removed,  it 
is  fonnd  to  he  a  fluid  of  a  color  varying  from  a  light  amber  to  <^uite  a  deep,  but  clear  red. 
This  depends  upon  a  peculiar  coloring  matter  which  has  never  been  isolated.  The  specific 
pTirity  of  the  serum  is  about  1028,  somewhat  less  tlian  that  of  the  entire  mass  of  blood. 
It  cimtains  all  the  principles  found  in  the  plasma,  or  liiiuor  sanguinis,  with  the  exception 
of  the  elements  of  fibrin.  It  can  hardly  he  called  a  physiologic  til  tiuid,  as  it  is  formed 
only  after  coagulation  of  iIjc  blood  and  never  exists  isolated  in  the  body.  Tlie  efiiisions 
rhich  are  oommonly  onlled  serum,  although  they  resemble  this  flDid  in  some  particulars, 
not  identical  with  it,  being  formed  by  a  process  of  transudation  rather  tlinn  separa- 
tion from  the  blood,  as  in  coagulation.  The  serum  must  not  be  confounded  with  the 
pkaoiA  or  liquor  sanguinis,  which  is  the  natural  clear  portion  of  the  blood. 

Gmgutating  Principle  of  th^  /?^^fj<:?,— Acquainted,  as  we  are,  with  the  properties  of 
fihrin,  it  is  evident  that  this  substance  is  the  agent  which  produces  coagulation  of  the 
iiMxl.  Id  fact.^  whatever  coagulates  spontaneously  ii^  crdled  fibrin,  and  whatever  requires 
bme  agent  to  produce  this  change  of  consistence  is  called  by  another  name.  But,  before 
tlie  privperties  of  filtrin  were  fully  understood,  the  question  of  the  coagulating  principle 
was  a  niAtter  of  nmch  discussion.  Malpighi  was  probably  the  first  to  iiiolate  fibrin,  which 
he  did  by  washing  the  clot  in  a  stream  of  wnter^  which  removed  the  corpuscles  ami  left  a 
vbttii^K  fibrous  net-work.  Flis  exj>eriments  are  set  forth  in  an  article  in  which  he  at- 
t«fupte«l  U:»  show  that  the  so-called  polypi  of  the  heart  were  formed  of  fibrin,  although  it 
w^  not  then  called  by  that  name.  These  observations  w^ere  soon  confirmed  hj  others; 
^wid  it  tl>en  became  a  question  whetJier  this  substance  existed  as  a  fluid  in  the  liquor  san- 
tiiiiit,  or  was  furnished  by  tiie  corpuscles  after  the  removal  of  blood  from  tlie  vessels, 
1  was  decided  by  Hewson,  whose  simple  and  conclusive  experiments  leave  no  doubt 
tliat  ooagnlation  of  the  blood  is  due  to  fibrin,  and  that  this  snbstance  is  entirely  distinct 
D,  and  independent  of  the  corpuscles.  This  observer,  taking  advantage  of  the  prop- 
'  podaeased  by  certain  saline  substances  of  preventing  the  coagulation  of  the  blood, 
w^  the  first  to  separate  the  liqnor  sanguinis  from  the  corpuscles.    IIo  mixed  fresh  blood 
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with  a  little  sulphate  of  soda,  which  prevented  coagulation,  and,  after  the  mixture  had 
been  allowed  to  stand  for  a  time,  the  corpuscles  gravitated  to  the  bottom  of  the  vessel. 
The  clear  fluid  was  then  decanted  and  diluted  with  twice  its  quantity  of  water,  when 
fibrin  became  coagulated. 

The  facts  thus  demonstrated  by  Ilewson  were  confirmed  by  Mtiller,  in  1832.  He  suc- 
ceeded in  separating  the  plasma  from  the  corpuscles  in  the  blood  of  the  frog  by  simple 
filtration,  first  diluting  it  with  a  saccharine  solution.  The  great  size  of  the  corpuscles  in 
this  animal  prevents  their  passage  through  a  filter,  and  the  clear  fluid  which  is  thus  sepa- 
rated soon  forms  a  colorless  coagulum. 

From  those  observations,  it  is  evident  that  the  coagulation  of  the  blood  is  due  to  the 
formation  of  fibrin.  Coagulation  of  this  substance  first  causes  the  whole  mass  of  blood 
to  assume  a  gelatinous  consistence ;  and,  by  virtue  of  its  contractile  properties,  it  soon 
expresses  the  serum,  while  the  red  corpuscles  are  retained.  One  of  the  causes  which 
operate  to  retain  the  corpuscles  in  the  clot  is  the  adhesive  matter  which  covers  their 
surface  after  they  escape  from  the  vessels,  which  produces  the  arrangement  in  rows  like 
piles  of  coin,  which  we  have  already  noted  under  the  head  of  microscopical  appearances. 
This  undoubtedly  prevents  those  which  are  near  the  surface  from  escaping  from  the  clot 
during  its  contraction. 

Circumstances  which  modify  Coagulation  out  of  the  Body. — ^The  conditions  which 
modify  coagulation  of  .the  blood  have  been  closely  studied  by  Hewson,  Davy,  Thackrah, 
Robin  and  Verdeil,  and  others.    They  are,  in  brief,  the  following : 

Blood  flowing  slowly  from  a  small  oriflce  is  more  rapidly  coagulated  than  when  it 
is  discharged  in  a  full  stream  from  a  large  orifice.  If  it  be  received  into  a  shallow 
vessel,  it  coagulates  much  more  rapidly  than  when  received  into  a  deep  vessel.  If  the 
vessel  be  rough,  coagulation  is  more  rapid  than  if  it  be  smooth  and  polished.  If  the 
blood,  as  it  flows,  be  received  on  a  cloth  or  a  bundle  of  twigs,  it  coagulates  almost  in- 
stantaneously. In  short,  it  appears  that  all  circumstances  which  favor  exposure  of  the 
blood  to  the  air  hasten  its  coagulation.  The  blood  will  coagulate  more  rapidly  in  a  va- 
cuum than  in  the  air. 

Coagulation  of  the  blood  is  prevented  by  rapid  freezing,  but  it  takes  place  afterward 
when  the  fluid  is  carefully  thawed.  Between  32''  and  140''  Fahr.,  elevation  of  tempera- 
ture increases  the  rapidity  of  coagulation.  According  to  Richardson,  agitation  of  the 
blood  in  closed  vessels  retards,  and  in  open  vessels  hastens  coagulation. 

Various  chemical  substances  retard  or  prevent  coagulation.  Among  them  we  may 
mention  the  following:  solutions  of  potash  and  of  soda;  carbonate  of  soda;  carbonate 
of  ammonia ;  carbonate  of  potash ;  ammonia ;  sulphate  of  soda.  In  the  menstrual  flow, 
the  blood  is  kept  fluid  by  mixture  with  the  abundant  secretions  of  the  vaginal  mucous 
membrane. 

Coagulation  of  the  Blood  in  the  Organism,— The  blood  coagulates  in  the  vessels  after 
death,  though  less  rapidly  than  when  removed  from  the  body.  As  a  general  proposition, 
it  may  be  stated  that  this  takes  place  in  from  twelve  to  twenty-four  hours  after  circula- 
tion has  ceased.  Under  these  circumstances,  the  blood  is  found  chiefly  in  the  venous 
system,  as  the  arteries  are  generally  emptied  by  post-mortem  contraction  of  their  mus- 
cular coat ;  but,  in  the  veins,  coagulation  is  slow  and  imperfect.  Coagula  are  found, 
however,  in  the  left  side  of  the  heart  and  in  the  aorta,  but  they  are  much  smaller  than 
those  in  the  right  side  of  the  heart  and  in  the  large  veins.  These  coagula  present  the 
general  characters  we  have  already  described.  Tliey  are  frequently  covered  by  a  soft, 
whitish  film,  analogous  to  the  bufiy-coat,  and  are  dark  in  their  interior. 

It  was  supposed  by  John  Hunter  that  coagulation  of  the  blood  did  not  take  place  in 
animals  killed  by  lightning,  or  by  prolonged  muscular  exertion,  as  when  hunted  to  death ; 
but  it  appears  from  the  observations  of  others  that  this  view  is  not  correct.    J.  Davy 
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ftported  ft  caso  of  death  hj  Itghtmng  where  a  loose  coagnlam  wfts  foiiDd  in  the  heftri 
tVtfOtj'foar  hours  after.  In  this  case,  decoiDpositioo  was  very  far  advancLMl,  and  it  is 
probable  that  the  eoagnJnni  had  become  less  fina  from  that  cause.  Bis  ohservatiuiig  aUo 
sboir  Ihftt  coagulation  occurs  after  poisoning  hj  hydrocyanic  acid,  and  in  animals  hunted 
todMtb. 

GcMguUilion  in  different  parts  of  the  vasctilar  system  b  by  no  means  unusual  during 
Bflfiw  In  die  heart,  we  sometimes  find  coagula  whicli  bear  evidence  of  having  existed  for 
mmm  ttnue  before  death.  These  were  CiiileU  polypi  by  some  of  the  older  writers,  and  are 
often  formed  of  fibrin  almost  free  from  red  corpuscles,  Tbey  generally  occur  when  death 
It  W7  gradual  and  when  the  circulation  continues  for  some  time  with  greatly-dimimshcd 
letitily.  It  is  probable  that  a  small  eoagnlum  is  first  formed,  from  which  the  corjmscles 
are  vasliod  away  by  the  current  of  blood ;  that  this  becomes  larger  by  farther  depofsltions, 
aalil  we  have  large,  vermicolar  masses  of  fibrin,  attached,  in  some  instances,  to  the 
diordaft  tandinese.  Clots  produced  in  this  way  may  be  distingnished  from  those  formed 
illftr  death  by  their  whitish  color,  dense  consistence,  and  the  closeness  with  which  they 
adhere  to  the  walls  of  the  heart. 

Bodies  projecting  into  the  caliber  of  a  blood-vessel  soon  become  coated  with  a  layer 
if  ibcio.  Rough  concretions  about  the  orifices  of  the  heart  frequently  induce  the  de|x>ii- 
tioo  af  little  masses  of  fibrin,  which  sometimes  become  detached  and  are  carried  to  vari- 
oitf  parts  of  the  circulatory  j^ystem,  as  the  Inngs  or  brain,  plugging  up  one  or  more  of  tlie 
ouEer  vessels.  The  experiment  has  been  made  of  passing  a  thread  through  a  small 
■rtesy,  allowing  it  to  remain  for  a  few  honrs,  when  it  is  found  coated  with  a  layer  of 
eoagvtated  fibrin. 

Blood  generally  coagulates  when  effused  into  the  areolar  tissue  or  into  any  of  the 
omties  of  the  body ;  although,  effused  into  the  serous  cavities,  the  tunica  vaginalis  for 
eXiBiple,  it  has  been  known  to  remain  fiuid  fur  days  and  even  weeks,  and  coagulate  when 
Itt  oat  by  an  incision.  In  the  Graafian  follicles,  after  the  discharge  of  the  ovum,  we 
fumetimetf  have  the  cavity  filled  with  blood,  which  forms  a  clot  and  is  slowly  removed 
bj  abiorption. 

Coaguhition  thus  takes  place  in  the  vessels  as  the  result  of  stasis  or  of  very  great  retarda- 
tion  of  the  circulation,  and  in  the  tissues  or  cavities  of  the  body,  whenever  it  is  accident- 
ally  eifuaed.  In  the  latter  case,  it  is  generally  removed  in  the  course  of  time  by  absorp- 
tion- TMb  takes  place  in  the  follow! ng  way:  First,  we  have  disappearance  of  the  red 
cocpusdea,  or  decoloration  of  the  clot,  and  the  fibrin  is  then  tlie  only  substance  which 
rentams.  This  becomes  reduced  from  a  fihrillated  to  a  granular  eondition,  softens,  finally 
beeomea  amorphous,  and  is  absorbed ;  although,  when  the  size  of  the  clot  is  considerable, 
thi6  may  occupy  weeks,  and  evon  months,  and  may  never  be  completely  oflfected.  Efiused 
in  thb  manner,  the  coDstitueuts  of  the  blood  act  as  foreign  bodies ;  the  coqmscles  cease 
to  b©  organized  anatomical  elements  capable  of  self-regeneralion,  break  down,  and  are 
absorbed.  The  fibrin  which  remains  undergoes  the  same  process,  the  stages  through 
which  it  passe*  beinf?  always  those  of  decay,  and  not  of  development.  In  other  words, 
the  clot  is  incapable  of  organization. 


■       ncQity 


(>fflet  4ifikB  CiHiQvlatwn  of  the  Dlmd  in  arreMng  Ifwm or rhage.— The  property  of  the 
Mood  under  consideration  has  a  most  important  office  in  the  arrest  of  hsBtnorrhnge,  The 
oflbciof  an  absence  or  great  diminution  of  the  co a gn lability  of  the  circuhitiniT  fiuid  is 
eiwapllfied  in  instances  of  what  is  called  the  baDmorrba^ic  diathesis;  a  condition  in  which 
afigbt  wounds  arc  apt  to  he  followed  by  alarming,  and  it  may  be  fatal  hremorrhaire.  This 
oo&dition  of  the  blood  is  not  eharacterized  by  any  peculiar  symptoms  except  the  obsti- 
nate flow  of  bloo<i  from  slight  wounds ;  and  this  may  continue  for  years.  In  a  case 
which  came  under  our  observation  a  few  years  since,  excision  of  the  tonsilf^  was  fol- 
lowed by  bleeding,  which  continued  for  several  rlays,  and  was  arrested  with  great  dif- 
ficulty*     On  inquiry  it  was  ascertained  t!iat  the  patient,  a  yotmg  man  about  twenty 
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years  of  age,  in  other  respects  perfectly  healthy,  had  been  subject  from  early  life  to  per- 
sistent haemorrhage  from  slight  wounds. 

Circumstances  which  accelerate  coagulation  have  a  tendency  to  arrest  hsmorrhage. 
It  is  well  known  that  exposure  of  a  bleeding  surface  to  the  air  has  this  effect.  The  way 
in  which  the  vessel  is  divided  has  an  important  influence.  A  clean  cut  will  bleed  more 
freely  than  a  ragged  laceration.  In  division  of  large  vessels,  this  difference  is  sometimes 
very  marked.  Oases  are  on  record  in  which  the  arm  has  been  torn  off  at  the  shoulder- 
joint,  and  yet  the  haemorrhage  was,  for  a  time,  spontaneously  arrested ;  while  we  know 
that  division  of  an  artery  of  comparatively  small  size,  if  it  be  cut  across,  would  be  fatal 
if  left  to  itself.  Under  these  circumstances,  the  internal  coat  is  torn  in  shreds,  which 
retract,  their  curled  ends  projecting  into  the  caliber  of  the  vessel  and  having  the  same 
effect  on  the  coagulation  of  blood  as  a  bundle  of  twigs.  In  laceration  of  such  a  large 
vessel  as  the  axillary  artery,  the  arrest  cannot  be  permanent,  for,  as  soon  as  the  system 
recovers  from  the  shock,  the  contractions  of  the  heart  will  force  out  the  coagulated  blood 
which  has  closed  the  opening. 

From  the  foregoing  considerations,  it  is  evident  that  the  remarkable  phenomenon  of 
coagulation  of  the  blood,  which  has  so  much  engaged  the  attention  of  physiologists,  has 
rather  a  mechanical  than  a  vital  function ;  for  its  chief  oflice  is  in  the  arrest  of  haemor- 
rhage. Coagulation  never  takes  place  in  the  organism,  unless  the  blood  be  in  an  abnormal 
condition  with  respect  to  circulation.  Here  its  operations  are  mainly  conservative ;  but, 
as  almost  all  conservative  processes  are  sometimes  perverted,  clots  in  the  body  may  be 
productive  of  iiyury,  as  in  the  instances  of  cerebral  apoplexy,  clots  in  the  heart  occurring 
before  death,  the  detachment  of  emboli,  etc. 

Came  of  the  Coagulation  of  the  Blood, — If  we  adopt  the  views  regarding  the  compo- 
sition of  the  blood  which  involve  the  production  of  fibrin  as  a  result  of  the  decomposition 
of  plasniiue,  we  must  change  in  toto  our  ideas  of  the  cause  of  the  coagulation  of  the  blood. 
According  to  our  present  ideas,  fibrin  does  not  exist  as  a  proximate  principle,  and  plas- 
mine  is  never  decomposed  in  the  body,  under  perfectly  normal  conditions;  but,  if  the 
blood  be  drawn  trom  the  body,  effused  from  the  vessels,  or  if  the  circulation  be  arrested 
for  a  certain  time,  plasmine  is  decomposed,  fibrin  is  formed,  and  the  blood  coagulates. 

In  another  work,  written  in  18G4,  we  discussed  the  question  of  the  cause  of  the  co- 
agulation of  the  blood  quite  fully ;  but  fibrin  was  then  generally  regarded  as  a  proxi- 
mate principle  itself,  and  not  as  a  product  of  decomposition.  The  theory  that  we  then 
adopted  was  the  one  proposed  by  Richardson,  in  1856 ;  viz.,  that  the  blood  normally 
contains  a  small  quantity  of  ammonia,  the  presence  of  which  keeps  the  fibrin  in  a  liquid 
state ;  that  ammonia  is  constantly  being  taken  up  by  the  blood  from  the  tissues  and  ex- 
haled by  tlie  lungs,  and  that,  when  the  circulation  of  the  blood  is  arrested,  or  when  the 
blood  is  effused  or  drawn  from  the  vessels,  ammonia  is  exhaled  and  coagulation  takes 
place.  This  theory  has  been  formally  abandoned  by  Richardson,  who  adheres,  however, 
to  the  accuracy  of  his  experiments.  If  these  experiments  be  entirely  reliable,  they  seem 
to  prove  tlie  theory ;  but  it  is  stated  by  Robin,  that,  using  chemical  processes  which  will 
detect  T.vyi.innr  ^^  ammonia,  not  a  trace  of  this  substance  is  to  be  found  in  the  blood ; 
that  a  small  quantity  of  ammonia  added  to  the  blood  does  not  prevent  coagulation ;  and 
that  tlio  blood  secured  against  evaporation  will  nevertheless  coagulate.  The  chemical 
experiments  of  Richardson  were  not  very  delicate,  and  the  objections  to  them,  made  by 
Robin,  are  probably  well-founded.  We  are  justified,  therefore,  in  abandoning  the  the- 
ory that  coagulation  of  the  blood  is  due  to  the  evolution  of  ammonia. 

TVe  may  take  the  same  position  with  regard  to  the  older  theories  of  coagulation, 
which  were  nearly  all  vague  and  unsatisfactory.  The  idea  that  exposure  to  the  air  is  the 
cause  of  coagulation,  which  was  held  by  Hewson,  is  disproved  by  the  simple  fact  that 
coagulation  takes  place  in  a  vacuum.  The  vital  theory  of  Hunter,  which  wos  adopted 
by  most  physiologists  of  his  time,  is  too  indefinite  for  discussion  at  the  present  day,  and 
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ftuBf  expresses  utter  want  of  knowledge  on  the  subject*  The  theory  that  motion  is  the 
Mine  of  the  flaidlty  of  fibrin  in  the  body,  15  disproved  bj  the  fact  that  violent  agitation 
of  llie  blood  ont  of  the  body  doca  not  prevent  coagulation  ;  and  thus  it  is  with  nearly 
§Si  the  tbeories  that  hare  been  advanced. 

Tbs  idea  which  wo  have  to  present  does  not  explain  why  the  blood  coagulates,  bnt 
ftgms  A  certain  notion  of  the  probable  conditions  under  which  plasmine  exists  in  the 
ttftwliitifig  floid : 

Flssniiiie,  circuUting  in  the  blood-vessels,  under  normal  eonditiona,  is  a  liquid,  and 
its  decocn]ioaition  into  nietalbunaeu  and  fibrin  is  abnormaU  Plasmine  is  undoubtedly  an 
inporlAiit  notritive  principle^  and  is  constantly  undergoing  change  as  it  is  used  in  the 
I  of  Uie  nitrogeuized  constituents  of  the  various  tissues  and  organs,  the  material 

I  expended  being  supplied  by  the  nitrogenized  constituents  of  the  food*  It  is,  there- 
idfios,  like  other  nitrog:enLzed  constituents  of  the  organism,  in  a  condition  of  constant 
n^xmorpibofiia ;  and  all  that  we  can  say  is  tliat,  while  in  this  condition,  getting  material 
Amu  some  parts  and  giving  off  matters  in  others,  it  doea  not  undergo  those  decumposlug 
chsflg«^s  which  are  observed  when  it  is  effused,  drawn  from  the  body,  or  the  circulation 
b  srrefited,  which  involve  coagulation  of  the  blood. 

The  above  erpressea  nearly  all  that  we  positively  know  of  the  canse  of  the  coagala- 
tioii  of  the  blood ;  but  the  question  in  fact  reduces  itself  to  the  rather  unsatisfactory 
pmpomtioa  that  the  blood  coagulates  because,  when  its  nitrogenized  principles  are  re- 
mot'ed  from  those  constant  molecular  changes  which  are  characteristic  of  the  class  of 
nitrogenized  principles  as  they  exist  in  tlic  living  organism,  decomposition  takes  place, 
which  results  in  the  production  of  a  coagulating  matter.  It  is  hardly  to  be  exj>ectcd 
thM  physiologists  would  be  satisfied  with  this,  which  is  indeed  little  more  tbiin  a  confes- 
Mott  of  Ignorance ;  but  it  must  be  remembered  that  we  are  very  little  acquainted  with 
111*  mokcnlar  changes  taking  place  constantly  in  the  living  body,  When  wo  understand 
tii«se  more  thoroughly,  we  may  obtain  a  better  knowledge  of  the  causes  of  coagulation 
of  th^  blood,  cadaveric  rigidity  of  muscles,  and  other  changes  w^hieh  take  place  when 
the  processes  of  nutrition  cease. 

Within  the  last  few  years.  A,  Schmidt  (1861)  has  proposed  a  theory  of  eoagulntion 
which  involves  the  coming  together  of  certain  principles  called  fibrin-factors.  This  the- 
ory has  been  adopted  and  more  or  loss  modified  by  Kfihne,  Virchow,  and  others.  If 
htiMxl-plasmn,  rendered  neutral  with  acetic  acid,  be  diluted  with  ten  times  its  volume  of 
water  at  32^  Fahr,  and  then  be  treated  with  a  current  of  carlK>nic*acid  gas,  a  flocculent 
pf^ipitate  is  formed,  wliich  has  been  called  paraglohuline,  or  fibrinoplastic  matter.  This 
•obslftOf^  may  b©  dissolved  in  water  containing  air  or  oxygen  in  solution.  After  this 
1^  has  been  separated,  if  the  clear  liquid  be  diluted  with  about  twice  its  volume 

t»:  i  water  and  bo  again  treated  for  a  lonie:  time  with  a  current  of  carbonic  acid, 

a  Tiacid  scnm  is  produced,  which  has  been  called  fibrinojren.  A  small  quantity  of  fibrin- 
tH^n  lulded  to  a  solution  of  paraglohuline  produces  coaguhition  of  a  substance  like  fibrin. 
More  recently,  a  third  principle,  a  ferment,  has  been  described  by  Schmidt,  which  he 
eunaldoni  necessary  to  the  formation  of  fibrin. 

It  is  T&rr  questionable  whether  the  substances  called  paraglohuline  and  fibrinogen  ex- 
U  i  ^ood  as  peculiar  principles.     Robin  considers  parapflobuline  aa  identical  with 

(1  n,  which  m  itself  one  of  the  products  of  the  decomposition  of  plasmine.     It 

Is  true  that  the  so-called  fibrinogen  added  to  the  liquid  of  hydrocele  or  other  serosities 
n'*t  spontanei^nsly  coagulable  produces  coagulation,  hut  this  occurs,  though  more  slowly, 
when  the  scrum  separated  from  the  coagulated  blood  is  added  to  these  liquids. 

It  is  more  in  accordance  with  our  positive  knowledge  to  state  that  we  understand 

nothing  wnth  regartl  to  the  cause  of  coagulation  of  the  blood  beyond  the  fact  that  plas- 

'ne,  when  removed  from  its  normal  condition  in  the  circulation,  decomposes  into  coag- 

fibrin  and  metalbumen,  than  to  admit  the  existence  of  fibrinogen,  a  fennent,  and 

bullne,  all  of  which  may  be  products  of  decomposition. 
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It  is  a  onrious  fact  that  leecb-drawn  blood  rem&iDS  fluid  m  the  body  of  the  &nU 
mal.  RicbardBon  hat»  observed,  vlIso^  that  tbo  blood  lowing  from  a  ]eeo!i*bite  presenti 
the  fiame  persistent  iuiditj,  whioh  explains  tbe  well-known  fact  that  the  im^iguiflcanl^ 
wound  gives  rise  to  coDstderable  b^emorrbage.  On  this  point  be  has  made  the  following 
curious  experiment : 

^*  After  tbe  leech  was  removed  from  the  arm^  the  wound  it  bad  produced  continued 
to  give  out  blood  very  freely.  I  caught  the  blood  thus  flowing  at  different  iotervala, 
allowing  it  to  trickle  into  teaspoons  of  the  same  size  and  shape.  The  resultt)  were  curi- 
oos.  Tbe  blood  which  was  received  into  the  first  spoon,  and  which  was  oollected  imnia^ 
dlately  at\er  the  removal  of  the  leech,  was  dark,  and  showed  tbe  same  feebleness  nf 
coagulation  as  the  blood  taken  from  the  leech  itself  Another  portion  of  blood,  receive*!' 
into  a  second  spoon  five  minutes  later,  coagulated  in  twenty-five  minutes  with  moderate 
firmness.  A  tbii*d  purtion  of  blood,  caught  ten  minutes  later  still,  coagulated  in  eigh* 
minutes ;  while  at  the  end  of  half  an  hour  the  blo<:>d  which  still  flowed  from  the  wound 
coagulated  firmly,  and  in  fine  red  clots,  in  two  minutes.  Ultimately  the  blood  coagu- 
lated as  it  slowly  oozed  from  the  wound,  ao  that  the  wound  itself  was  sealed  up." 

The  existence  of  projections  into  the  caliber  of  vessels,  or  the  passage  of  a  fine  thread 
through  an  artery  or  vein,  will  determbie  tbe  formation  of  a  small  eoagnlum  upon  th< 
foreign  substance,  while  the  circulation  is  neither  interrupted  nor  retarded.  These  facts 
demand  explanation ;  but  all  we  can  say  with  regard  to  them  is,  that,  in  tbe  present 
state  of  our  knowledge,  eicplanation  ia  diflicult,  if  not  imposMble.  Tbe  j^rt'cess,  nnder 
these  circumstances,  cannot  be  subjected  to  direct  experiment,  as  in  the  case  of  blood 
coagulating  out  of  the  body ;  but  a  reasonable  inference  is  that  the  foreign  substance 
arrests  the  circulation  of  a  certain  portion  of  plasmine,  which  tht*n  undergoes  decompo- 
sition* 

During  coagulation,  fibrin  assumes  a  filamentous  form,  presenting,  under  the  tnici 
scope,  the  appearance  of  rectilinear  fibrillsD,     These  fibrillro  gradually  increase  in  num^ 
ber  dDd,  as  contraction  of  the  clot  occurs,  becomes  irregularly  crossed.    They  ore  always' 


Ftbrinoits  clot«  wixh&ai  r«d  oq^iucIoa.  ^ 
brane  in  %  coio  of  i 


M-yti'ft,  thr*>Am  oflf  iu  tbo  farm  of  «  wljltlah  pfieDdo-aMttt^ 


Straight,  bowover,  and  never  assunie  tliij  undulating  appearance  characteristic  of  the  j 
white  fibrouii  tissue.  Tbe  appearance  just  described  does  not  indicate  a  process  of  or^  j 
gani2atit>n.  When  fibrin  is  effused  into  any  of  the  tissues  or  organs  from  rupture  of 
vessels,  it  acts  as  a  foreign  substance,  and,  in  time,  becomes  entirely  or  in  part  absorbed*  ^ 
The  gradual  prodnction  of  membranes  of  new  formation,  as  one  of  the  results  of  inflam* 
mation,  these  becoming  organized,  is  entirely  different  from  sudden  hremorrbagioj 
effusions. 

The  blood  of  tbe  renal  ond  hepatic  veins,  capillary  blood,  and  tbe  blood  which  pa 
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the  c^ipilLirjr  ajdtem  into  tho  veins  after  ckiith^  does  not  generally  coa^late  or 
CQUgitlac^  Terj  imperibotlj ;  in  other  worda^  these  varietlea  of  hlood  do  not  readilj  form 
The  reason  of  this  peculiarity  is  not  known ;  hnt  tlie  fact  affords  a  partial  ex- 
ioo  of  the  normal  fluidity  of  the  blood ;  for  this  fluid,  passing  over  the  entire 
of  the  cironlation  in  about  thirty  seconds,  seems  to  he  coni»tjmtly  losing  its  coagu- 
lifaility  in  its  passage  through  the  li?er,  kidneys,  and  the  general  capillary  system^  as  fusi 
m  iU  eoagohibility  is  increiLsed  in  tite  other  p^irts.  Taking  into  consideration  the  rapidity 
oC  tise  circulation,  it  is  evident  that  the  blo«>d  cannot  coagulate  while  the  nomial  eir- 
b  maintained,  and  while  it  is  nndergoing  the  oonstant  changes  incident  to  gan- 
l  ttotrition. 


CHAPTER    II. 


cmcuiATiay  of  the  blood-actwh  of  tbe  heart. 


ot  the  elrettUtitiii~Pli3'fkiIofi;kftl  Aimtomy  of  the  beori— YnlTe*  of  the  beort— MoT«Di«ntB  of  the  heart— 
ImiMaise  of  the  heart — Sticcetelion  of  tnovemeots  of  tbe  bciirl— Furvc  of  the  h^eiort^s  ncilou — ActkMi  of  the  nlvcs — 
«f  the  hcArt— CbOMJi  of  the  »oaJida  of  tbe  hejirt— Frt'tiucncf  uf  th«5  heart's  action— Inflaenoe  of  ago— 
of  dlfotltoii— Inflaiiooo  of  poftture  and  mtutmlor  exurtioD — l^flueEK^e  of  caeiclio— ^nfloeooe  of  tem- 
of  n^ptrslioa  on  tbe  odioa  of  tbe  heart— Oium  of  tb«!  rbythmScal  oootnkctioiui  of  the  heart 
of  the  oerroiis  systtiim  on  the  hoert— Diviston  of  tbe  pDuaioog^trici — GolranlmtJJQD  of  the  ttouoi- 
of  irreet  of  octloa  of  the  hcirt— Slows  apon  the  eptgostzluin. 


Habtet  discovered  the  circulation  of  the  hlood  in  1610,  taught  it  in  his  public  lect^ 
ores  in  1619,  and,  in  1628,  published  the  *^  Ej-ereitatio  Anal^tmiea  th  Motu  CordU  it 
San^inU  in  Anirnaltbu^J'''    This  mora  en  tons  discovery,  from  the  isolated  facts  bearing 
ich  were  observed  by  anatomists,  to  its  grand  cnlitiination  with  Harvey,  so 
I  rates  the  gradual  development  of  most  great  physiukigical  truths,  tLat  it  does 

not  stx*to  out  of  place  to  begin  onr  study  of  the  circulation  with  a  rapid  sketch  of  ita 
hl?tory. 

The  facts  bearing  upon  the  circulation,  which  were  developed  before  the  time  of  Har- 
iv,  were  chiefly  anatomical.  The  writings  of  Ilippocrates  are  very  indefinite  apon  nil 
KDts  connected  \rith  the  circulatory  system  ;  and  no  clear  and  positive  statements  are 
>  be  found  in  ancient  works  before  the  time  of  Aristotle.  The  work  of  Aristotle  rao&t 
({oently  ijuoted  by  physiolo^Mst^  is  his  "  History  of  Animals ;  ^^  and  in  this  occurs  a 
which  seems  to  indicate  that  he  thought  that  air  pa^^ed  from  the  lung.'*  to  the 
hesrt;  but  in  his  work,  Be  Ptirtibun  Animalium^  it  is  stated  that  there  are  two  great 
btocid- vessels,  the  vena  cava  and  aorta,  arising  from  the  heart,  and  that  the  aorta  and 
its  brunches  carry  blood,  Galen,  however,  demonBtrated  erperimentally  the  presence  of 
blood  in  the  arteries,  by  including  a  portion  of  one  of  these  vessels  between  two  liga- 
tare«,  in  a  living  animal  \  but  his  ideas  of  the  commanication  between  the  arteries  and 
t  were  erroneous,  for  he  believed  in  the  existence  of  small  orifices  in  the  &ef»tnm  be- 
i  the  ventricles  of  the  heart,  a  mistake  that  was  corrected  by  Vesaliua,  at  about  th© 
Q^  of  the  sixteenth  century, 

1653,  Michael  Scrvetus,  who  is  generally  regarded  as  the  discoverer  of  the  pas- 
the  blood  through  the  lungs,  or  the  pulmonary  circulation,  described  in  a  work 
on  theohigy  the  course  of  the  blood  through  the  lungs,  from  the  right  to  the  left  side  of 
the  heart  This  description,  complete  as  it  is,  was  merely  iucident:il  to  the  development 
fif  a  theory  with  regard  to  the  formation  of  the  soul,  and  tlio  development  of  what  were 
Cftlled  animal  and  vital  spirit**  {npirituM).  The  same  year,  at  the  instigntion  of  Calvin, 
veins  was  burned  alive  at  Geneva,  and  a  copy  of  his  book  was  also  committed  to  the 
D€«.     But  one  or  two  copies  of  this  work  are  now  in  existence.    One  is  in  the  library 
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of  the  Institnte  of  France,  and  bears  evidence,  in  some  pages  that  are  partially  burned, 
of  the  fate  which  it  so  narrowly  escaped. 

A  few  years  later,  Colambo,  professor  of  anatomy  at  Padaa,  and  Cesalpinus,  of  Pisa, 
described  the  passage  of  the  blood  through  the  lungs,  though  probably  without  any 
knowledge  of  what  had  been  written  by  Servetus.  To  Cesalpinus  is  attributed  the  first 
use  of  the  expression  circulation  of  the  blood.  He  also  remarked  that,  after  ligature  or 
compression  of  veins,  the  swelling  is  always  below  the  point  of  obstruction. 

The  history  of  the  discovery  of  the  valves  in  the  veins  is  quite  obscure,  although  pri- 
ority of  observation  is  almost  universally  conceded  to  Fabricius.  As  regards  this  point, 
we  can  depend  only  upon  the  dates  of  published  memoirs,  notwithstanding  the  assertion 
of  Fabricius,  that  he  had  seen  the  valves  in  1574.  In  1546,  fitienne  described,  in  branches 
of  the  portal  vein,  '*  valves,  which  he  called  apophyses,  and  which  he  compared  to  the 
valves  of  the  heart."  In  1551,  Amatus  Lusitanus  published  a  letter  from  Cannanus,  in 
which  it  is  stated  that  he  had  found  valves  in  certain  of  the  veins.  In  1563,  Eustachius 
published  an  account  of  the  valves  of  the  coronary  vein.  In  1586,  a  clear  account,  by 
Piccolhominus,  of  the  valves  of  the  veins  was  published.  Fabricius  gave  the  most  accu- 
rate descriptions  and  delineations  of  the  valves,  and  his  first  publication  is  said  to  have 
appeared  in  1608.  He  demonstrated  them  to  Harvey,  at  Padua;  and  it  is  probable  that 
this  was  the  origin  of  the  first  speculations  by  Harvey  on  the  mechanism  of  the  circula- 
tion. Shortly  after  the  return  of  Harvey  from  Padua  in  1602,  he  advanced  beyond  the 
study  of  inanimate  parts  by  dissections,  and  investigated  animated  nature  by  means  of 
vivisections.  As  is  evident,  when  we  consider  the  state  of  science  at  that  time,  anato- 
mists had  long  been  preparing  the  way  for  the  discovery  of  the  circulation,  although 
they  knew  little  of  the  functions  of  the  parts  they  described.  The  conformation  of  the 
heart  and  vessels,  and  even  the  arrangement  of  the  valves  of  the  veins,  did  not  lead  them 
to  suspect  the  course  of  the  blood ;  but  a  few  well-conceived  experiments  on  living  ani- 
mals have  made  it  appear  so  simple,  that  we  now  wonder  it  remained  unknown  so  long. 
Farthermore,  these  experiments  made  it  evident  that  there  was  a  communication  at  the 
periphery  between  the  arteries  and  the  veins. 

In  the  work  of  Harvey  are  described,  first  the  movements  of  the  heart,  which  he 
exposed  and  studied  in  living  animals.  Ho  described  minutely  all  the  phenomena  which 
accompany  its  action ;  its  diastole,  when  it  is  filled  with  blood,  and  its  systole,  when  the 
fibres  of  which  the  ventricles  are  composed  contract  simultaneously,  and  "  by  an  admi- 
rable adjustment  all  the  internal  surfaces  are  drawn  together,  as  if  with  cords,  and  so  is 
the  charge  of  blood  expelled  with  force."  From  the  description  of  the  action  of  the 
ventricles,  he  passes  to  the  auricles,  and  shows  how  these,  by  their  contraction,  fill  the 
ventricles  with  blood.  By  experiments  upon  serpents  and  fishes,  he  proved  that  the 
blood  fills  the  heart  from  the  veins,  and  is  sent  out  into  the  arteries.  Exposing  the  heart 
and  great  vessels  in  these  animals,  he  applied  a  ligature  to  the  veins,  which  had  the 
effect  of  cutting  off  the  supply  from  the  heart  so  that  it  became  pale  and  flaccid ;  and 
by  removing  the  ligature  the  blood  could  be  seen  flowing  into  the  organ.  When,  on  the 
contrary,  a  ligature  was  applied  to  the  artery,  the  heart  became  unusually  distended, 
which  continued  so  long  as  the  obstruction  remained.  "When  the  ligature  was  removed, 
the  heart  soon  returned  to  its  normal  condition. 

The  descriptions  given  by  Harvey  were  the  result  of  numerous  experiments  upon  liv- 
ing animals ;  exposing  the  heart  of  cold-blooded  animals,  in  which  the  movements  are 
comparatively  slow ;  studjring,  also,  the  action  of  this  organ  in  warm-blooded  animals, 
after  its  movements  had  become  enfeebled.  As  we  shall  see  when  we  come  to  describe 
the  movements  of  the  heart,  nothing  can  exceed  the  simplicity  and  accuracy  of  the  de- 
scriptions of  Harvey,  which  are  universally  acknowledged  to  be  correct  in  almost  every 
particular. 

Harvey  completed  his  description  of  the  circulation,  by  experiments  showing  the 
course  of  the  blood  in  the  arteries  and  veins  and  the  uses  of  the  valves  of  the  veins. 
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^Xp^rtiiwita  are  modeb  of  ditaplicltj  and  pertinence.  Firsts  bo  showed  that  a 
arc  tlgliUy  applietl  to  a  lirnb  prevented  the  blood  fraui  entering  tlie  artery  and 
IHtkatioD.  The  li;;^ntiire  then  relaxed  and  applied  with  moderate  ti^htnes^  so 
ift  tt>  eomptem  only  the  superficial  vema  uUowred  the  blood  to  pass  into  the  part  by  the 
arterM^  bat  prevented  its  return  by  the  veins,  which  conseqaeutly  beeome  excessively 
co>g€<led-  The  ligature  beinj:  removed,  the  vein.s  soon  emptied  them  twelves  and  the 
zDcniber  regaineil  it«  ordinary  appearance,  lie  observed  the  ''  knota  ^'  in  the  veins  of  the 
ann  when  a  Upitare  wtis  iip])lied^  ai$  for  phlebut4>n]y,  and  showed  that  the  space  be> 
tw4^fii  lii««e  lcnf>f4^  which  are  formal  by  the  vulv€*8,  could  be  emptied  of  blood  by  pres^ 
tn^  toward  the  hearty  and  would  not  fill  itself  while  the  finger  waa  kept  at  the  lower 
fitremlty.  It  was  unpossible,  by  pressure  with  tlje  fingers,  to  force  the  blowl  back 
tiircMigrh  one  of  the  valves. 


?te.  9.-^ffar9*^9  O^HftaUmf  0»  tks  jUnif  qf  fdiwi  in  the  r«in^     Cllarvi  y.) 


«ieli  simple,  yet  irresistibly  conclusive  experiments  was  completed  the  chain  of 

ice  establishing  the  fact  of  the  circulation  oJ  the  blood.     Truly  it  ia  amd  that  here 

cotiimcDced  m  epoch  in  the  stud/  of  physiology ;  for  Uien  the  scientific  world  began  to 
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etDoncipate  itself  from  the  ideas  of  tbe  uneieiita,  which  bad  held  despotic  sway  for  two 
eentunes,  and  to  study  Nature  for  themjeelvea  by  meaua  of  experinieDts. 

Althougb  Harvey  described  so  perfectly  tiie  coursij  of  the  blood  and  left  not  a  shadow 
of  doubt  a«  to  tbo  commanication  between  tlio  arteries  and  veins,  it  was  left  to  others  to 
actually  see  the  blood  in  movement  and  follow  it  from  one  system  of  vessels  to  the  other. 
In  1601^  Malpighi  biiw  the  blood  circulating  in  the  vcssds  uf  the  bmg  of  a  living  frog, 
examining  it  with  mfignifying  glasses ;  and,  a  little  lator,  Leeuwenhoek  saw  the  drcnla- 
tion  in  the  wing  ufa  bat.     The  great  discovery  %viis  then  completed. 

Enoufedi  lift^  been  said  in  the  preceding  hi.stoncal  sket<:'b  to  give  a  general  idea  of  the 
course  of  the  great  nutritive  fluid  and  tbe  natural  anatomifal  and  physiological  diyisions 
of  the  circidatory  system.  There  is  a  constant  flow  from  the  central  organ  to  all  the 
tiasnes  and  organs  of  the  body,  and  a  constant  return  of  tlie  blood  after  it  has  passed 
through  these  part«.  But  before  the  bloody  which  Una  thus  been  brought  back,  is  fit  to 
return  again  to  the  system,  it  must  pass  through  tbe  lungs  and  undergo  the  changes 
incident  to  respiration.  In  mme  aninuds^  like  flshes,  the  same  force  sends  tbe  blood 
through  the  gills,  and  frutn  thetn  through  the  i?;vstC'n).  In  others,  like  the  reptiles,  a 
mixture  of  aerated  and  nou-aerated  blood  takes  place  in  tlie  heart,  and  the  general 
system  never  receives  blood  that  has  been  fully  arterialized.  But  in  man  and  all 
warm-blooded  animals,  the  organism  demands  blood  that  has  been  fuliy  purified  and 
oxygenated  by  its  passage  through  the  lungs,  und  here  we  find  the  first  great  and  com- 
plete divisions  of  the  circulation  into  the  pulmonary  and  systemicT  or,  as  they  have  bet?n 
called,  the  lesser  and  greater  circulation.  The  heart  in  this  instance  is  double;  hav- 
ing a  right  and  left  side  which  are  entirely  distinct  from  each  other.    The  right  heart 

receives  the  blood  as  it  is  brought 
from  the  system  by  the  veins  and 
sends  it  to  the  lungs;  the  left  heart 
receives  the  blood  from  the  lungs 
and  sends  it  t o  the  sy  stem*  1 1  m u st 
be  borne  in  mind,  however,  xlmt  al- 
though the  two  sides  of  the  heart 
are  distinct  from  each  other,  their 
action  is  simultaneous  ;  and,  in 
studying  tbe  motions  of  this  or- 
gan,  we  shall  find  that  the  blood 
is  sent  simultaneously  from  the 
right  side  to  the  lungs,  and  f^om 
the  left  side  to  the  system.  It  will 
not  be  necessary,  therefore,  to  sep- 
arate the  two  circulations  in  our 
study  of  their  mechariism  ;  for  tbe 
simultaneous  action  of  both  sides 
of  the  heart  enables  us  to  stndy 
its  functions  as  a  single  organ,  and 
the  constitution  und  operations  of 
the  two  kinds  of  vosstds  do  not 
present  any  material  ditierences. 
For  convenience  of  study,  the  circulat<iry  system  may  be  divided  into  heart  and 
vessels,  the  latter  being  of  three  kinds:  the  arteries,  which  carry  blood  from  the 
heart  to  the  system  ;  the  cnpilhirtes,  wtiich  distribute  the  blood  more  or  less  abun- 
dantly in  tlirtVrciU  parts  of  the  system;  and  tlie  veins,  which  return  the  *blood  from 
the  system  to  the  heart.  The  functions  of  each  of  these  divisions  may  be  considered 
separately. 


i   — , 


FfO.  \0,—/*faffr{tm  of  the  four  caHHfM  of  0t«  hmrt.  (B^minfl^ 
<»e£,  HjTbt  Aiirid** ;  fv/,  rljrht  ventricle ;  og^  Wt\.  aitiicle »  »{/,  Uid 
▼eatrlclc.    The  iirowf  lodicate  th«!'  court«  of  the  blood. 
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Phtjaiolofflcal  Anatomy  of  the  Heart, 

e  hcfsrt  of  tlj©  humiin  aiilyect  is  a  pear-.^hftpod,  muscular  organ,  sittiatod  in  the 
tborafic  cuvity,  witb  its  bat*e  iilKiUl  iii  tbo  medliin  line  and  its  apex  at  the  fifth  inter- 
costal  spiwo  midway  between  the  median  line  uud  a  perpendicular  dropped  through 
Ibe  kit  nipple.     \l^  weight  is 

/  r^  - 


from  eight   to  ten  ounces  in 

the  female,  and  from  ten  to 

twehre  ounces  tn  the  male.    It 

him  four  distinct  cavities;    a 

right  and  a  left  auricle,  and  a 

right  and  a  left  ventricle*     Of 

tlieae,   the*  ventricles  are   the 

more  capacious.    The  heart  ia 

held  in  plaoe^  or  may  he  said 

to  b<j  attached  by  the  ^eat 

veisela  to  the   posterior  wall 
Pol  tlie  thorax,  while  the  apex 

10  frte  and  capable  of  a  cer* 

Ino  degree  of  motion*     The 

whole  oi^an  is  enveloped  in  ii 

fibroud  sac  called  tlie  pertcur- 

dinm.    This  sac  is  lined  by  a 

•eroita  membrane,  which  is  at* 
ilwhed  to  the  great  vessels  at 
|12>«  b«ae  and  reflected  over  its 
The  membrane  is  lu- 
Pbrioated  by  a  ilrachm  or  two 

of  fluids  so  that  the  moveinenta 

of  the  heart  are  normally  ac* 

eouiplished  without  any  friction.     The  serous  pericardium  does  not  present  any  dif- 
ferences from  serous  membranes  in  other  situations.     The  cavities  of  the  heart  are  lined 

by  a  amootli  membrane,  called  the  endocardium,  which  is  continuous  with  the  lining 

membrane  of  the  I vlood- vessels. 

The  right  auricle  receives  tbo  bl-xid  from  the  venie  cavae  and  efnpties  it  into  the  right 

irtntriclew  The  auricle  presents  a  principal  cavity,  or  sinus,  as  it  is  called,  with  a  little 
rcp^iendix,  called  from  iljs  resemblance  to  the  ear  of  a  dog^  tbe  auricular  appendix,  It  has 
[  two  lan^  openings  for  the  vena  cava  aacendens  and  the  vena  cava  dcbcendens^  with  a 
I  opening  for  the  coronary  vein  which  brings  tbe  blood  from  tbe  substance  of  tlie 
;  itself.  It  hoss  al»o,  another  large  openiug,  csalled  tfie  auriculo- ventricular  opening, 
Lily  whleli  the  blo<;id  tlows  into  the  ventricle.  The  walls  of  this  cavity  tire  quite  thin  as 
pared  with  tbe  ventricles,  measuring  about  one  line.  They  are  composed  of  mus- 
'  fibres  arranged  in  two  layers,  one  of  which,  the  external,  is  common  to  both  auri- 
and  tlK'  other,  the  internal,  is  proper  to  each.  These  muscular  fibres,  although 
^in^untary  in  their  action,  belong  to  the  striated,  or  what  is  termed  voluntary  variety, 

and  are  similar  in  structure  to  the  fibres  of  the  ventricles.    The  fibres  of  the  auricles  are 

much  fewer  than  thoae  of  the  ventricles.     Some  iif  them  are  looped,  arising  from  a 

eartilaginous  rinj?  which  separates  the  auricles  and  ventricles,  and  passing  over  the 
Lmuricles  ;  and  others  are  circular,  surrounding  the  auricular  appendages  and  tbe  open- 
llnga  of  the  veins,  extending^  also,  a  short  distance  along  the  course  of  these  yeasela* 
hOne  or  two  valvular  folds  are  found  at  the  orilice  of  the  coronary  vein,  preventing  a 
rxeflnx  of  bloixi,  hut  there  are  no  valves  at  tbe  orifices  of  the  venaj  cava?. 

The  left  auricle  receives  the  blood  which  comes  from  the  lungs  by  the  pulmonary 


tia,  ll.^Hetrt  In.  titu,  (Doltori*  In  Flint,  *'on  the  IIe4wt.*') 
i&,  c.  etc^  ritw;  1,  2, 8,  ate.,  iDtorooetAl  B|NM!eft;  vrrtlcAl  IJji«,  metlliai}  Wnt^; 
tilaogle,  »u[M>rfidal  cirdlao  n^on;  *  oa  tbBknrtb  rib,  nipiilt^. 


36 


CIRCULATION  OF  THE  BLOOIK 


.\ 


m) 


veins.    It  does  not  differ  materially  in  itd  anatomy  from  tlje  i-iglit.     It  it;  a  tittle  smaller, 
and  its  walls  are  tliiekerf  meaeuring  about  a  line  and  a  half.   It  has  four  opeu'iDgH  by  \vLi(ib 

it  recc4ves  the  bloud  from  the 
four  iiulmonary  vt^ins*  TbcBo 
openings  are  not  provided  with 
valves.  Like  tbe  right  anriclef 
it  has  11  largo  opening  by  which 
blood  tiow.^  into  the  left  ven- 
tricle. The  arrangement  of  the 
muscular  fibres  ia  eseentiulfy  tUc 
-  inio  as  in  the  right  auricle.  In 
adult  Life,  the  cavities  of  the  au- 
ricles are  entirely  distinct  from 
each  other.  Before  birth,  tbey 
communicate  by  a  large  open- 
ing, tlie  foramen  ovale,  and  the 
oritice  of  the  inferior  vena  cava 
is  provided  with  a  njemhranous 
fold,  the  Eustachian  valve, 
which  »erves  to  direct  the 
blood  from  the  lower  part  of 
the  body  through  tlie  opening 
into  the  left  auricle.  At\er 
birth,  the  foramen  ovale  is 
closed  and  the  Eustachian  valve 
gradually  didappeai-s. 

The  ventricles,  in  the  homan 
subject  and  in  warm-blooded 
animals^  constitute  the  bulk  of 
the  heart.  They  have  a  ca* 
pacity  !<omewhat  greater  tlian 
that  of  ifie  auricles  and  are 
provided  with  tliick  muscular 
walls,  k  is  by  the  powerful 
action  of  this  portion  of  th« 
heart  that  the  blood  is  forced, 
on  the  one  himd^  to  the  lungs  and  back  to  the  left  side,  nnd  on  the  (*ther,  through  the 
entire  system  of  the  greater  circulation  to  the  right  side.  It  ha.s  been  asserted  that  the 
capacity  of  the  right  ventricle  is  considerably  greater  than  that  of  the  left.  The  most 
recent  and  conclusive  obHcrvatioD**  on  this  subject  are  those  of  Hiffelsheini  and  Robin* 
In  these  experiments),  ttje  cavities  were  filled  with  an  injection  of  wax,  and  the  estimates 
were  made  by  calculating  the  amount  of  liquid  displaced  by  the  mouldft  of  the  different 
cavities.  Care  wm  taken  to  make  the  injection  in  uuiinak  before  cadaveric  rigidity  bad 
set  in,  or  after  it  had  passed  away,  in  the  human  subject.  The  comparative  results  ob- 
tained by  these  observers  are  the  most  intere»ting,  for  the  cavities  Avere  undoubtedly  dis- 
tended by  the  injection  to  their  extreme  capaeity,  and  contained  more  than  they  ever 
do  during  life.  They  found  the  capacity  of  the  right  auricle  from  one-tcnlb  to  one- 
ilghtb  greater  than  that  of  the  left.  The  capacity  of  the  right  ventriide  was  from 
ono-tenth  to  one-eighth  greater  than  that  of  the  left,  but  more  frequently  there  was  )e^ 
diaparity  between  the  two  ventricles  than  between  the  auricles,  llie  capacity  of  each 
ventricle  exceeded  that  of  the  corresponding  auricle  by  from  one-fourtli  to  one-third. 
Nine  times  out  of  ten,  this  predominance  of  the  ventricle  was  more  marked  on  tli© 
left  Ride.    The  absolute  capacity  of  the  left  vontriclei  according  to  these  observations, 
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PiO.  19,=-//irrTri',  I'f  ffffWf>r  Hrrr. 
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(Btmntuy  and  Ikttu.) 

tttrici* ;  ^  ft*  i<ft  ouri- 
or  vcuB  cava;  10,  Biit«- 
ry  vfrlu ;  12, 12,  vi,  lym- 
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UP  froni  143  to  312  cubic  ceutimeters^  or  from  about  4*8  to  7  ounces.  Thia  is  mach 
^renter  thun  most  estinijites,  which  phice  the  capacitj  of  the  various  cavities^  moderately 
<Ustc»tidcii^  at  about  2  ounces, 

Kotwitb^anciing  the  dii^pariiy  in  the  j^  . 

e^ireme  oipacity  of  the  various  cavities, 
the  f|tiantitT  of  blood  which  enters  the^e 
cftTtties  is  necessarily  eqtml  to  that  which 
b  expelled,  Tlii^  Jias  been  stated  to  be 
a  littli?  more  than  two  ounceti.  Thero 
ore  no  nieaii^  of  estimating  with  exact- 
neM  the  quantity  of  blood  diBchur^ed  ^^  I 
with  each  ventricular  contraction;  and 
we  find  the  qncstion  rather  avoided  in 
work^*  on  physiology.  All  we  can  say 
i»  lliat,  from  observations  on  the  heart 
dnnng  its  iictioa,  it  never  seems  to  con* 
taiB  much  niure  than  half  the  quantity  in      ^  >  -w/tj^.  / 

all  lU  cavities  that  it  does  when  fully  ■       Jl^/M/// .  Jd^\ 

distendi^d  by  injection  ;  but  it  is  the  right 
cavitie*  which  are  most  dilatable,  and 
probably  the  ordinary  quantity  of  blocMi 
in  the  left  ventricle  is  frum  four-tiftlm  to 
five^sixths  of  its  extreme  capa(^ity. 

Tbe  cavities  of  tlie  ventricles  are 
triangular  or  conoidal,  the  right  being 
broailer  and  shorter  than  tlie  left,  which 
extends  to  the  apex.  The  inner  surface 
of  both  cavities  is  marked  by  pecidiar 
ridges  and  papillse,  which  are  called 
columnar  carnese.  Some  of  these  are 
mere  fle«hy  ridges  projecting  int<j  the 
CAxily;  others  arc  columns  attached  by 
each  extremity  and  free  at  the  central 
portion ;  and  others  are  papilla}  giving 
origin  to  the  chorda?  tendinete,  which  are 
attached  to  tiie  free  edges  of  the  aariculo- 
vcntricular  valves-  These  fleshy  columns 
interlace  in  e^Gry  direction  and  give  the  inner  surface  of  the  cavities  a  reticolated  ap- 
pearance. Thii*  arrangement  evidently  facilitates  tlie  complete  emptying  of  the  ventri- 
clcfi  during  their  coutracLion. 

The  walls  of  the  left  ventricle  are  uniformly  much  thicker  than  on  the  right  side. 

Boaillaud  found  the  average  thickness  of  the  right  ventricle  at  the  base  tc»  be  two  and 

a  hidf  lines,  and  the  Uiickness  of  the  left  ventricle  at  the  corresponding  part,  seven  lines. 

The  arnmgement  of  the  muscular  fibres  constituting  the  walls  of  the  ventricles  is 

mure  regular  than  in  the  auricles,  and  their  course  enables  us  to  explain  some  of  the  phe- 

nonjena  which  accompany  the  heart's  action-      The  direction  of  the  fibres  cannot  be 

well  made  out  unless  the  heart  have  been  boiled  for  a  number  of  hours,  when  part 

of  the  intermusw'ular  tissue  is  dissctlved  out,  and  the  tibres  can  bo  eaMly  separate<l  and 

ItiUowed.     Without  going  into  a  minute  tlevScription  <if  their  direction^  it  is  sufficient  to 

p»  in  this  connection^  that  they  present  two  principal  layers;  a  superficial  layer  com- 

^moti   to  both  ventricles,  and  a  deep  layer  proper  to  each.     The  superficial  fibres  pass 

obliquely  from  right  to  left  from  the  base  to  the  apex ;  here  they  take  a  spiral  courae, 

becomo  deep,  and  pass  into  the  interior  of  the  organ  to  form  the  columnoe  came». 


Fm,  1  ^.-^Lfft  tsitiH*4  of  tfu  hmrt,  (Boatm;  and  Bem.) 
1,  i''/t  VHitrieuiar  cavity:  %  mitral  vale*;  a,  4,  eaiumma 
&im*ir :  5.  a^trtic  opfttim/:  iS.  aorta;  7,  B,  9,  aortie 
ralneM;  10,  titrbt  vetitricukr  c«\ity  ;  11,  tnU^rvcattlcukr 
Mptnui;  It,  pulmoaiLD'  srlcry ;  la,  14,  jiulmouic  valrea; 
l.\  Irft  auricular  cavitv;  Id,  H,  Hcrlit  pulmimiiiy  vclna;, 
witli  11,  IT.upoatn^  of  thi'  veim;  Its  soctilOD  of  ihit  eor- 
ooary  vi'tu. 
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These  fibres  envelop  botli  ventricles*  They  maj  be  said  to  arise  from  cartllaginons  rings 
which  surround  the  atirirulo-veutricalar  unfices*  The  external  surface  of  the  heart  is 
ujarked  by  a  little  groavo  whieh  indicates  the  divis'ioii  between  the  two  ventricles.    The 

deep  fibres  are  circular,   or  transverse, 
*>.  and  surround  each  ventricle  separately, 

nJ*i      y^  1  The    muscular    tissue   of  the    heart 

is  of  a  deep-red  color  and  reaembles,  in 
its  gross  characters,  the  tissue  of  ordi- 
nary voluntary  mu  eel  es;  but,  a*  already 
intiuuited,  it  presents  tertain  peculiar- 
ities in  it?*  minute  anatomy.  The  fibres 
are  considerably  Ktualler  and  nn>re  gran- 
ular than  those  of  ordinary  muscles.  They 
are,  moreover,  connected  with  each  other 
by  short  inosculating  branches,  while  in 
the  vohmt^iry  muscles  each  fibre  runs 
from  its  origin  to  it.s  insertion  enveloped 
in  its  proper  sheath,  or  aarcolemma.  The 
muscular  fibres  of  the  heart  have  no  sar- 
colcnuna.  These  peculiarities,  particular- 
ly the  inosculation  of  the  fibres,  favor  the 
contraction  of  the  ventricular  walls  in 
every  direction  and  the  eorapl  te  expnl- 
sion  of  the  content-s  of  the  cav.iies  with 
each  systole. 

The  distribution  of  the  nerves  to  tJie 
heart  and  the  arrangement  of  the  gongliii 
and  nerve-terminations  in  its  substaoiee 
will  be  taken  up  in  connection  with  the 
influence  of  the  nervous  system  upon  ho 
action  of  the  heart 

Each  ventricle  has  two  orifices;  one 
by  which  it  receives  the  blood  from  the 
uiiricle,  and  the  other  by  which  the  hlood 
passes  from  the  rij^ht  side  to  the  lungs 
i<nd  from  the  left  side  to  the  system* 
All  of  these  openings  are  provided  with 
Talves,  which  are  so  arranged  as  to  allow  the  blood  to  pass  in  but  one  direction. 

Trktittpid  Vake, — This  valve  is  situated  at  the  right  auriculo-ventrioular  opening.  It 
has  three  curtains,  formed  of  a  thin  bnt  resisting  membrane,  which  are  attached  around 
the  o[>enlug*  The  free  borders  are  attached  to  the  chordfo  tcudinea%  some  of  which  aHse 
from  the  prt])illfE  on  the  inner  surface  of  the  ventricle,  and  otliers^  directly  from  the  walls 
of  the  ventricle.  When  the  organ  is  cnipty,  these  curtains  are  applied  to  the  walls  of 
the  ventricle,  leaxnng  the  auricalo-veDtricular  opening  free;  but  when  the  ventricle  is 
completely  filled  and  the  fibres  contract^  they  are  forced  np,  their  free  edges  become 
applied  to  each  other,  and  the  opening  is  closed. 

Pulmonic  Valves,— The^e  valves,  also  called  the  semilunar  or  sigmoid  valves  of  the 
right  side,  are  situated  at  the  orifice  of  the  pulmonary  artery.  Tliey  are  strong  mem- 
branous pouches,  with  their  convexities,  when  closed,  looking  toward  the  ventricle. 
They  are  attached  around  the  orifice  of  the  pulmonary  artery  and  are  applied  very 
nearly  to  the  walls  of  the  vessel  wlien  the  blood  passes  in  from  the  ventricle ;  but  at 
other  times  their  free  edges  meet  in  the  centre^^  opposing  the  regurfjitation  of  bloo*!.  At 
the  centre  of  the  free  edge  of  each  valve  is  a  little  corpuscle  cidled  the  corpuscle  of 
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Aisatios;  and,  ja»l  above  the  margiRd  of  uttachmetit  of  the  Talve^  the  artery  presents 

tliree  little  dilatatittu!^  or  shiusies,  called  the  dinustis  of  Valsalva.    The  corpuaclea  ot 

Atmntius  probably  aid  i&  the  adapta- 
tion of  the  valves  to  each  other  and 

m  the  effectual  closare  of  the  orifice. 
Mitral   Vale€. — ^This  valve,  aorae- 

lisKfa  called  the  bicuspid^  is  situated 

ai  the  left  anricalo-veatricalar  oritice. 

It  w   called  mitral    fi'oni   its   resom- 

hlance^  when  opea,  to  a  bisihop's  mi- 
tre.   It  ia  attached  to  th<>  edges  of  the 

0{»eDiDg«  and  il^  free  borders  are  bi^lil 

ui  place^  when  closed,  bj  the  ch* 

UadiliMD  of  the  left  side.     It  pre^tuLn 

no  QUlteml   difference  from  the  tri- 

ciiqnd  valve^  with  the  exception  that 

it  ia  divided  into  two  curtains  instead 

of  three. 

Ai»Hi€  Valvet. — ^These  valves,  also 

oalldd  tlie  semilunar  or  sigmoid  valves 

nf  tl»e  left  side,  present  no  ditferonc^ 

from  the  valveji  at  the  on  lice  of  the 
I  palmonary  artery.  Tbej  are  situated 
L«l  the  aortic  orifice. 

Tli»  phjsioloisical  anatomy  of  the 

enspid   and   mitral  valves  may  be 

by  cutting  away  the  auricleg 

'  Sri  aa  to  expose  the  auriculo-ventric- 

ttlar  openings,  introducing  a  pipe  into 

f  ^   i;^Qary  artery  and  aorta,  atHer 

I.  1^  the  Hemiltinar  valves,  and 

L^iicu  turcing  water  into  the  ventricles 

Vy  ft  syringe  or  from  a  hydrant.     In  this  way  the  play  of  tlie  valves  may  be  strikingly 

exhibited. 

We  can  study  the  action  of  the  semilunar  valves  by  cutting  away  enough  of  the  ven- 

trielet  to  expose  them  and  forcing  water  into  the  vessels.     These  experimenta  give  an 


1|C^: 


Fio,  lSt.^MwictilarJlbruqftht  i*mtrid*M,  (Booamy  and  BeaiLy 
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>  left  %  votrio'c. 


l^^AntuiQmminff  muwetUarJibrta  oftht  heart    {Mtmil) 


I  of  the  immense  strength  of  the  valves ;  for  they  can  hardly  be  raptured  by  a  force 
rliich  ia  not  sutfieient  to  rupture  the  vessels  themselves. 
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Twi.  IT,—  Faf***  0/  //(r  Atf</r/,     ( B*jTittiii y  unci  Bt-sui, ) 
1,  lUght  aaficn1o*T49&ir(<fular  <»r<f$c«,  clostMl  by  the  tricuApid  vulvu;  %  flbrtnouR  ring^;  9,  left  aailculo^TOiitrlcukr 
inifko^  el(»«k?d  by  the  mitral  tuIvc;  i,  filiHooiu  tia^;  fi\»  tortic  urllUx'  und  valve»:  A.  pulmonte  orifice  and  vvlvftn; 
7,  81  9,  uiuKrukr  (Ibm. 

Movements  of  the  Heart, 

la  tttudjing  the  (>beDoraena  whk'h  accompany  the  fiction  ol'  the  heart,  we  shal]  fol- 
low the  ccmrse  of  the  blood,  beginning  with  it  as  It  flows  from  thtJ  vuseels  into  the  fturl- 
cl«B.  The  dilatation  of  the  tiavitlcs  of  the  heart  ia  colkd  the  diastole,  and  the  contrac- 
tion of  the  heart,  the  systole.  When  the^*  terms  are  iiaed  without  any  qualification, 
they  are  understood  as  referring?  to  the  ventrieles  ;  hut  they  are  abo  applied  to  the  actiozi 
of  the  auricles,  as  the  auricular  diastole  or  systole,  which,  m  we  aliall  see,  ia  distiiici 
from  the  action  of  the  vontricles. 

A  complete  revolution  of  tlie  heart  c-ontiists  in  the  filling  aiid  eniptyinjor  of  all  ita  cavi- 
ties, during  which  thoy  experience  an  alternation  of  repose  and  activity.  As  those  phe- 
nomena occupy,  in  many  warm-hlouded  aulma^  a  period  of  time  lefts  than  one  second, 
it  will  be  appreciated  that  the  most  careful  study  is  ueeesftary  in  order  to  aseertam  their 
exact  relationH  to  each  other.  When  the  heart  is  exposed  in  a  living  animal,  the  most 
prominent  phenomenon  is  the  altemat*^  contraction  and  relaxation  of  the  ventriolea ; 
hoi  this  is  only  one  of  the  operation^*)  of  the  organ.  In  all  the  mammalia,  the  anatomy 
and  aetion  of  the  vascular  iiystem  are  to  all  intents  and  purposes  the  same  at^  in  the  hu- 
man suhjeet ;  and.  although  the  exposure  of  the  heart  by  opening  the  chest  modifies  some- 
what the  force  and  frequency  of  its  pulsations,  the  various  phenomena  follow  each  other 
in  their  natural  order  and  present  essentially  their  normal  characters.  The  operation  of 
exposure  of  the  heart  may  be  performed  on  a  living  animal  without  any  great  difficulty ; 
and,  if  we  simply  take  care  to  keep  up  artiScial  respiration,  the  action  of  the  lieart  will 
continue  for  a  eonsiderablo  time.  Wo  may  keep  the  animal  ^uiet  by  the  administration 
of  ether  or  by  pois<»ning  with  woorara,  the  latter  agent  acting  upon  the  motor  nerves 
but  having  no  etfect  upon  tJie  heart.  Having  opened  the  chest,  we  see  the  heart,  envel- 
oped in  its  pericardium,  contracting  regularly,  and,  on  slitting  up  and  removing  tbis 
covering,  the  various  part^  are  completely  exposed.  The  right  ventricle  and  auricle  and 
a  portion  of  the  left  ventricle  can  be  seen  without  disturbing  the  position  of  the  parts ; 
but  the  greater  part  of  the  left  auricle  is  conceale<i.  As  both  auricles  and  ventricles  act 
together,  tbc  part«  of  tlie  heart  which  arc  exposed  are  suHicient  for  pur|M>se^  of  study. 

Aetion  qf  th&  Aurklei. — Except  the  short  time  occupied  in  the  contraction  of  the 
auricles,  these  cavities  are  continually  receiving  blood  on  the  right  side  from  the  ftystem, 
by  the  veme  cava,  and  on  the  lei't  side  from  tlie  lungs,  l*y  tlie  pulmonary  veins.    This 
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until  tlie  csi^ities  i»f  the  nancies  are  completetv  filled,  the  blood  coming  in  bj 
ft  ^temij  dureot ;  and,  dnring  the  rvposo  of  the  hearty  the  blood  h  olm  flowing  through 
tht  isriealo'TuDtncalar  orifioes  into  tho  vontriole^.  When  the  fturick*i  have  hcconi0 
foUf  diflteDddd,  tbey  contruct  i^aickly  and  with  considerable  power  (tlie  auricnlar  sys* 
toAe),  and  foree  the  blood  in^  the  ventricles,  producing  cutnpletc  diastole  of  these  cavi- 
Iks.  Daring  this  contraction,  the  blood  not  only  ceasei^  to  flow  in  from  the  veins,  but 
some  of  it  b  regurgiUited,  as  the  orifices  by  which  the  vessels  open  into  the  auricles  are 
not  provided  with  valves.  The  six©  of  the  auricQlo-ventricular  urifioes  L*  one  reason 
^vhy  the  greater  portion  of  the  blood  U  made  to  pass  into  the  ventricles;  and,  farther- 
morcnf  daring  the  anricular  systole,  the  muscular  fibres  which  are  arranged  around  the 
orifioMof  the  reins  constrict  thorn  to  a  certain  extent,  which  teutk  to  diminish  the  reflux 
of  h1ood«  There  can  be  no  doubt  that  sotiie  regurgitation  lukes  place  from  the  auricles 
mto  tJie  veins,  but  this  prevents  the  possibility  of  over-distention  of  the  ventricles. 

Il  has  been  shown  by  experiments  that  the  ayatoie  of  the  auricles  is  not  immediately 
neoettuiry  to  the  performance  of  the  eirciilatioa ;  and  the  contractility  of  the  auricles 
JBM^  be  temporarily  exhausted  by  prolonged  irritation,  the  ventricles  continuing  to  act, 
k)Mi{»ilig  up  the  circulation  of  blood. 

Aaion  qf  Mo  r<?»«ri<j;«.— Ininiediately  following  tbe  contraction  of  the  auricles^  by 
which  the  ventricles  are  completely  distended,  we  have  contraction  of  the  ventricles. 
I^his  is  the  chief  active  operation  performed  by  the  heart  and  is  generally  spoken  of  aa 
systole.  As  we  should  expect  from  the  great  thickness  of  the  muscular  walls,  the 
eoiifrs<!tlon  of  the  ventricles  is  very  much  more  powerful  than  that  of  the  auricles.  By 
tbdr  action^  the  blood  is  forced  from  the  ri)a;ht  side  to  the  lungs  by  the  pulmonary  artery, 
md  frotn  the  left  side  to  tlie  syj^tem  by  the  aorta*  Regurgitation  into  the  aurlclcsi  is  pre- 
f«Kted  by  the  closure  of  the  tricuspid  and  mitral  valves^.  This  act  accomplished,  the 
heait  lifts  ft  period  of  repose,  the  blood  flowing  into  the  auricles,  and  from  them  into  the 
teatricles,  nntil  the  auricles  are  tilled  and  another  contraction  takes  place. 


Loeomatinn  of  th^  Heart. — The  position  of  the  heart  after  death  or  during  the  re- 
le  of  the  organ  i"f  with  its  base  directed  slightly  to  the  right  and  its  apex  to  the  lelt 
«  of  the  body.  With  each  ventricular  systole,  it  ruii^eB  itself  up,  the  apex  is  sent  for- 
_.w«itl^  and  is  moved  slightly  from  left  to  right.  The  movement  from  left  to  right  is  a 
consequence  of  the  course  of  the  superficial  fibres.  Ttie  fibres  on  the  anterior 
>  of  the  organ  are  longer  than  those  on  the  posterior  surface,  and  pass  from  the 
which  is  comparatively  fixed,  to  the  apex,  which  is  immovable.  As  a  consequence 
t^i  tills  anatomical  arrangement,  the  heart  is  moved  upward  and  forward  during  its  J*ys- 
tole.  The  course  of  the  fibres  from  tlie  ba^e  to  the  apex  is  from  right  to  left ;  and,  aa 
they  shorten,  the  apex  is  of  necessity  ph>htly  moved  from  left  to  right. 

The  bici>motion  of  the  entire  heart  ff^rward  was  observed  by  Harvey,  in  the  case  of 
the  tion  of  the  ViHcount  Moutgomery.  The  young  man,  aged  about  nineteen  years,  suf- 
fered a  severe  injury  to  the  cheat,  re^mltinj:  in  an  abscess,  which  on  cicatrization  left 
an  opening  into  which  Harvey  could  introduce  three  fingers  and  the  thumb.  This 
opening  waa  directly  over  the  apex  of  the  heart.  The  action  of  the  portion  of  the  heart 
tlm*  exposed  is^lescribed  by  Harvey  in  the  following  words: 

**  We  also  prtrticularly  observed  the  movements  of  the  heart,  vix. :  that  in  the  dias- 
^le  it  was  retracted  and  withdrawn  ;   whilst  in  the  systole  it  emerged  and  protruded; 
the  systole  of  the  henrt  took  place  at  the  niomctit  the  diastole  or  pulse  in  the  wrist 
I  IM?rceived,     To  ci^include,  the  heart  struck  the  walls  of  the  chest,  and  became  promi- 
nent at  the  time  it  bounded  upward  and  underwent  contraction  on  itself.^* 

Tlie  locomotion  of  the  heart  takes  place  in  the  direction  of  its  axis  and  is  due  to  the 
sodden  distention  of  the  great  vessels  at  its  base.  These  vessels  are  eminently  elastic, 
ftOd,  as  they  receive  the  charge  of  blood  from  the  ventriclea,  become  enlarged  in  everj 
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direction  and  consequently  project  the  entire  organ  against  the  walls  of  the  chest.  This 
movement  is  aided  by  the  recoil  of  the  ventricles  as  they  discharge  their  contents.  The 
displacement  of  the  heart  dm'ing  its  systole  has  long  been  observed  in  vivisections  and 
may  be  demonstrated  in  any  of  the  mammals.  The  most  interesting  observations  on 
this  point  are  those  of  Chauveau  and  Faivre,  which  were  made  upon  a  monkey.  In  this 
animal,  in  which  the  position  of  the  heart  is  very  much  the  same  as  in  the  human  sub- 
ject, the  locomotion  of  the  organ  was  fully  established. 

Twisting  of  the  Heart. — The  spiral  course  of  the  superficial  fibres  would  lead  us  to 
look  for  another  phenomenon  accompanying  its  contraction ;  namely,  twisting.  If  we 
attentively  watch  the  apex  of  the  heart,  especially  when  its  action  has  become  a  little 
retarded,  there  is  a  palpable  twisting  of  the  point  upon  itself  from  left  to  right  with  the 
systole,  and  an  untwisting  with  the  diastole. 

Hardening  of  the  Heart. — If  the  heart  of  a  living  animal  be  grasped  by  the  hand,  it 
will  be  observed  that  at  each  systole  it  becomes  hardened.  The  fact  that  it  is  composed 
almost  exclusively  of  fibres,  resembling  very  closely  those  of  the  voluntary  muscles, 
explains  this  phenomenon.  Like  any  other  muscle,  it  is  sensibly  hardened  during  con- 
traction. 

Shortening  and  Elangatian  of  the  Heart. — ^The  phenomena  which  we  have  just  de- 
scribed are  admitted  by  all  writers  on  physiology  and  can  easily  be  observed ;  but  the 
change  in  length  of  the  heart  during  its  systole  has  been  a  matter  of  discussion.  All  who 
have  studied  the  heart  in  action  have  observed  changes  in  length  during  contraction  and 
relaxation  ;  but  the  contemporaries  of  Harvey  were  divided  as  to  the  periods  in  the  heart's 
action  which  are  attended  with  elongation  and  shortening.  Harvey  himself  is  not  abso- 
lutely definite  on  this  point.  In  one  passage  he  says,  in  describing  the  systole,  "  that  it  is 
everywhere  contracted,  but  especially  towards  the  sides,  so  that  it  looks  narrower,  a  lit- 
tle longer,  more  drawn  together."  In  his  description  of  the  case  of  the  son  of  the  Vis- 
count Montgomery,  who  suffered  from  ectopia  cordis,  he  states  that  during  the  systole 
the  heart  "  emerged  and  protruded."  Vesalius,  Fontana,  and  some  others,  contended  for 
elongation  during  the  systole ;  but  Haller,  Steno,  Lancisi,  and  Baesuel  stated  that  it  be- 
comes shortened.  The  view  generally  entertained  at  the  present  day  is  that  the  heart  is 
shortened  during  its  systole.  There  is  no  doubt  that  the  point  of  the  heart  is  protruded 
during  the  ventricular  systole,  but  this  protrusion  is  not  due  to  elongation  of  the  ventricles. 
By  suddenly  cutting  the  heart  out  of  a  warm-blooded  animal  and  watching  the  phenom- 
ena which  accompany  the  few  regular  contractions  which  follow,  it  is  seen  that  the  ven- 
tricles invariably  shorten  during  the  systole.  This  can  easily  be  appreciated  by  the 
eye,  but  more  readily  if  the  point  of  the  organ  be  brought  just  in  contact  with  a  plane 
surface  at  right  angles,  when,  at  each  contraction,  it  is  unmistakably  observed  to  recede. 
The  following  experiments  we  have  frequently  repeated  before  the  class  of  the  Bellevue 
Hospital  Medical  College,  and  have  satisfied  ourselves  of  their  accuracy.  A  large  New- 
foundland pup,  about  nine  months  old,  was  poisoned  with  woorara,  artificial  respiration 
was  kept  up,  and  the  heart  exposed.  After  showing  the  protrusion  of  the  point  and 
the  apparent  elongation  of  the  heart  while  in  the  chesty  the  organ  was  rapidly  removed, 
placed  upon  the  tabic,  and  confined  by  two  long  needles  passed  through  the  base,  pinning 
it  to  the  wood.  It  contracted  for  one  or  two  minutes,  and  at  each  systole  the  ventricles 
were  manifestly  shortened.  The  point  was  then  placed  against  an  upright,  and  it  re- 
ceded witli  each  systole  about  an  eighth  of  an  incli.  This  phenomenon  was  apparent  to 
all  present.  In  another  experiment,  performed  a  few  weeks  later,  the  heart,  which  had 
been  exposed  in  the  same  way,  was  examined  in  situ,  by  pinning  it  with  two  needles  to 
a  thin  board  passed  under  the  organ.  Tlie  presence  of  the  needles  did  not  seem  to  in- 
terfere with  the  heart's  artion,  and,  at  each  ventricular  systole,  the  point  evidently 
approached  the  base.     To  render  this  absolutely  certain,  a  knife  was  fixed  in  the  wood 
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•I  fi^l  iwii|H(*«  tn  and  tonchiog  the  polul  during  the  diastole,  and  a  small  silver  tube  was 

totivdTr  ngh  the  walls  into  the  Jclt  ventricle.     At  eadi  contraction  a  jet  of 

biiiii4  *[  Jt  tb rough  the  tube,  and  the  i^oint  of  the  heart  receded  from  the  knife 

iltoat  ati  eighth  of  an  inch.     The  animal  experimented  upon  was  a  do|j,  a  little  above 

the  inedjoni  fiii&e»     Tbei»e  simple  experiuienta  demonstrate  that,  in  the  dog  at  1ea«»t,  the 

ffltfricJea    ahorten   during  their   systole.     The    ar- 

rtflgtaient  of  the  mummlar  fibres  is  too  nearly  iden- 

tiiail  in  the  hcjirt  of  the  warm-blooded  aniraids  to 

kare  tooni  for  doubt  that  it  also  shortens  in  the 

Inmaii  sal^ect.     The  error  which  hai$  arisen  in  tliii) 

rttfipcci,  and  wbich  obtained  in  our  first  e3E|>erimonts 

made  in  1861.  is  due  to  the  locomotion  ;ind  pro- 

tnatoa  of  the  entire  organ,  so  as  to  make  the  point 

«trike  ■  I'  cheM.     A  little  reflection  indicates 

ill*  111.  of  thij§   phenomenon.     During   the 

iat^-rvjib  ot  contraction,  the  great  vessels,  purticu- 

Urlv  the  aorta  and  pulmonary  aitery,  wliich  attach 

tiie  base  of  tlie  bctirt  to  the  posterior  wall  of  the 

i  are  filled  but  not  distended  with  hlood  ;  at 

p-st^^le^  however,  these  vessels  are  distended 
to  tbeir  ntmost  capacity ;  their  elastic  cotits  permit 

«(  considerable  enlargement*  as  can  he  t*een  in  the  living  animal,  and  this  enlarge- 
I  taking  place  in  every  direction^  pashe^  the  whole  organ  forward.  We  have 
rionbiderable  locomotion  of  the  heart  from  recoiL  It  is  for  this  reason  that, 
oliserving  the  heart  in  ititu.  the  ventricles  seem  to  elongate.  It  is  only  when  we 
•xmrniDO  the  heart  firmly  fixed,  or  contracting  after  it  is  removed  from  the  body, 
tiiat  We  can  appreciate  the  actual  change*i  which  oecnr  in  the  length  of  the  ventricles. 
During  the  systole  the  ventricles  are  shortened  and  are  narrowed  in  their  transverse 
diAnieter,  but  their  antero-posterior  diameter  is  slightly  increased. 

In  addition  to  the  umrked  clumges  in  form,  position,  etc.,  which  the  heart  undergoes 
ing  its  action,  we  obMerve,  on  careful  examination,  that  the  surface  of  the  ventricles 
becomes  marked  with  slight  Inngitiidinnl  ridges  during  the  systole.  This  was  not  noted 
by  Harvey,  but  is  mentioned  by  llriUer. 

Impulse  of  thf  Heart, — Each  movement  of  the  heart  produces  an  impal^e,  which  can 
fe«  reaJiiy  tVlt  and  Miinetimei  seen^  in  the  fifth  inlerco.stal  space,  a  little  to  the  left  ijf  the 
ncdian  line  Vivisections  have  demonHtrnted  that  the  iuipulse  is  synchronous  with  the 
eoiitraction  of  the  ventricles.  If  the  hand  he  introduced  into  the  ches^t  of  a  living  animal, 
md  lite  finger  be  placed  between  the  point  of  the  heart  and  the  walla  of  the  thorax, 
«very  time  that  we  have  a  hardening  of  the  point,  the  finger  will  be  pressed  against  the 
sl4e.  If  the  impnlae  of  the  heart  be  felt  while  the  tingcr  \^  on  the  pulse,  it  is  evident 
lliat  the  heart  strikes  a;?ainat  the  thorax  at  the  time  of  the  d listen t ion  of  the  arterial 
njhCem.  Tlje  impnlso  h  due  to  the  locomotion  of  the  ventriclcf*.  In  the  words  of  Harvey, 
**tbe  heart  is  erected,  and  rises  upwvirds  to  %i  point,  so  thitt  at  this  time  it  strikci*  against 
the  breai»t  and  the  pulse  is  felt  externally."  In  the  case  of  the  son  of  the  Viscount  Mont- 
iromery,  nlreaily  relerred  to,  Harvey  gives  a  most  graphic  description  of  the  manner  in 
which  tiie  heart  is  **  retracted  and  withdrawn ''  during  the  diastole,  and  ''  emerged  and 
protruded  '*  during  the  sy!?t*)le* 

Sxice^mon  o/  the  MmemenU  of  the  Heart.— W^i  have  already  followed,  in  a  general 
inty»  the  course  of  the  blood  thnjugb  the  heart  and  the  successive  acti^m  uf  the  various 
pATiBi  bat  we  have  yet  to  consider  these  points  more  in  detail,  and  to  ascertain,  if 
poMble,  the  relative  periods  of  aetivity  and  repose  in  each  portion  of  the  organ. 
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The  great  points  in  the  succession  of  movements  are  readily  observed  in  the  hearts 
of  cold-blooded  animals,  in  which  the  pulsations  are  very  slow.  In  examining  the  heart 
of  the  frog,  turtle,  or  alligator,  the  alternations  of  repose  and  activity  are  very  strongly 
marked.  During  the  intervals  of  contraction,  the  whole  heart  is  flaccid,  and  the  ventricle 
is  comparatively  pale ;  we  then  see  the  auricles  slowly  filling  with  blood ;  when  they 
have  become  fully  distended,  they  contract  and  fill  the  ventricle,  which,  in  these  animals, 
is  single ;  the  ventricle  immediately  contracts,  its  action  following  upon  the  contraction 
of  the  auricles  as  if  it  were  propagated  from  them.  When  the  heart  is  filled  with  blood, 
it  has  a  dark-red  color,  which  contrasts  strongly  with  its  appearance  after  the  systole. 
This  operation  may  occupy  from  ten  to  twenty  seconds,  giving  an  abundance  of  time  for 
observation.  The  case  is  different,  however,  with  the  warm-blooded  animals,  in  which 
the  anatomy  of  the  heart  is  nearly  the  same  as  in  man.  Here  a  normal  revolution  may 
occupy  less  than  a  second ;  and  it  is  evident  that  the  varied  phenomena  we  have  just 
mentioned  are  followed  with  the  utmost  difficulty.  In  spite  of  this  rapidity  of  action,  it 
can  be  seen  that  a  rapid  contraction  of  the  auricles  precedes  the  ventricular  systole,  and 
that  the  latter  is  synchronous  with  the  impulse. 

Various  estimates  have  been  made  of  the  relative  time  occupied  by  the  auricular  and 
ventricular  contractions;  and  the  question  has  been  at  last  definitely  settled  by  the 
observations  of  Marey,  who  has  constructed  very  ingenious  and  delicate  instruments  for 
registering  the  form  and  frequency  of  the  pulse.  He  devised  a  series  of  most  interesting 
experiments,  in  which  he  was  enabled  to  register  simultaneously  the  pulsations  of  the 
different  divisions  of  the  heart,  and  has  succeeded  in  establishing  a  definite  relation  be- 
tween the  contractions  of  the  auricles  and  ventricles.  The  method  of  Marey  enables 
us  to  determine,  to  a  small  fraction  of  a  second,  the  duration  of  the  contraction  of  each 
of  the  divisions  of  the  heart. 

The  method  of  transmitting  the  movement  from  the  heart  to  a  registering  apparatus 
is  very  simple.  The  apparatus  consists  of  two  little  elastic  bags  connected  together  by 
an  elastic  tube,  the  whole  closed  and  filled  with  air.  A  pressure,  like  the  pressure  of 
the  fingers,  upon  one  of  these  bags  produces,  of  course,  an  instantaneous  and  correspond- 
ing dilatation  of  the  other.  If  we  suppose  one  of  these  bags  to  be  introduced  into  one 
of  the  cavities  of  the  heart,  and  the  other  placed  under  a  small  lever  arranged  on  a  pivot 
so  as  to  be  sensible  to  the  slightest  impression,  it  is  evident  that  any  compression  of  the 
bag  in  the  heart  would  produce  a  corresponding  change  in  volume  in  the  other  bag, 
which  would  bo  indicated  by  a  movement  of  the  lever.  Marey  arranged  the  lever  with 
its  short  arm  on  the  elastic  bag,  and  the  long  arm,  provided  with  a  pen,  moving  against 
a  roll  of  paper,  which  passes  along  at  a  uniform  rate.  When  the  lever  is  at  rest  with  the 
paper  set  in  motion,  the  pen  will  make  a  horizontal  mark ;  but  when  the  lever  ascends 
and  descends,  a  corre8i)onding  trace  will  be  made,  and  the  duration  of  any  movement 
can  readily  be  estimated  by  calculating  the  rapidity  of  the  motion  of  the  paper.  The  bag 
which  receives  the  impression  is  called  by  Marey  the  initial  bag,  and  the  other,  which  is 
connected  with  the  lever,  is  called  the  terminal  bag.  The  former  may  bo  modified  in 
form  with  reference  to  the  situation  in  which  it  is  to  be  placed. 

The  experiments  of  M.  Marey,  with  reference  to  the  relations  between  the  systole  of 
the  auricles,  the  systole  of  the  ventricles,  and  the  impulse  of  the  heart,  were  performed 
upon  horses,  in  the  following  way : 

A  sound  is  introduced  into  the  right  side  of  the  heart  through  the  jugular  vein,  an 
oi)eration  which  may  be  performed  with  certainty  and  ease.  This  sound  is  provided  with 
two  initial  bugs,  one  of  which  is  lodged  in  the  right  auricle,  while  the  other  passes  into 
the  ventricle.  The  baj]^s  are  connected  with  distinct  tubes  which  pass  one  within  the 
other,  and  are  connected  by  elastic  tubing  with  the  registering  apparatus.  At  each  sys- 
tole of  the  heart,  the  bags  in  its  cavities  are  comjjressed  and  produce  corresponding 
movements  of  the  levers,  which  may  be  registered  simultaneously. 

To  register  the  impulse  of  the  heart,  an  incision  is  made  through  the  skin  and  the  ex- 
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lefnal  iDt^rcofil&l  mascU^  over  the  point  where  the  apcsx-beat  is  felt.  A  little  bag,  utretched 
wer  tiro  metalUc  buttons  separated  bjr  a  central  rod,  is  then  carefully  secured  in  the 
ainty  diaa  formed,  and  connected  by  an  elastic  tnbe  with  tlie  registering  apparatus. 
Ail  the  lobes  are  provided  with  Btup-cook»,  so  that  each  initial  bag  may  be  made  to  cora- 
mnsicmti^  with  its  lever  at  will  When  the  operation  is  concluded  and  the  BOimd  tirmljr 
Mcttned  in  place  by  a  ligature  around  the  vein,  tlic  animal  experiences  no  inconvenience, 
i9sb]«  U>  walk  about,  eat,  etc.,  and  there  is  every  evidence  that  the  circolation  is  not  in- 
fierftf^  with.  The  cylinders^  which  carry  the  paper  destined  to  receive  the  traces  are 
■mngcd  to  move  by  clock-work  at  a  given  rate.  The  paper  may  also  be  ruled  in  lines, 
fkB  difltAnce^  between  which  represent  certain  fractions  of  a  second.  Fig.  19  represents 
At  ipparatns  reduced  to  one-stxtb  of  its  actual  size.    Two  of  the  levers  are  connected 
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with  the  double  sound  for  the  right  auricle  and  ventricle,  and  one  is  connected  with  the 
b  1  to  receive  the  impulse  of  the  heart.     In  an  exiscriment  tipun  a  liorsc,  every 

tij  I  carefully  arranged  in  the  way  indicated,  the  clock-work  was  set  in  motion, 

and  th<i  movements  of  the  three  levers  produced  traces  upon  tbe  paper  which  were 
interpreted  as  follows : 

1-  Tlie  paper  was  ruled  so  that  each  division  represented  one-tenth  of  a  second.  Tlie 
traotB  formed  by  the  three  levers  indicated  four  revulotions  of  the  heart.  The  first  revo- 
iQtlaii  Oi^cupied  1^  &ec.,  the  second,  1-,^  sec,  the  tliird,  1^^^  aec,  and  the  fourth,  1  sec. 

S.  Tbe  auricular  systole,  as  marked  by  the  first  lever,  immediately  preceded  the  ven- 
tricular systole,  and  occupied  about  two-tenths  of  a  second.  The  elevation  of  the  lever 
judicJlted  that  it  was  much  more  feeble  than  the  veutricular  systole,  and  sudden  in  its 
eliaracler;  the  contraction,  when  it  had  arrived  at  the  maximum,  being  immediately  fol- 
loved  by  relaxation. 

3.  The  ventricular  systole,  as  marked  by  the  second  lever,  immediately  followed  the 
iciiijir  systole,  and  occupied  about  four-tenths  of  a  r*econd.     Tl)e  almos^t  verticil  direc- 

,  of  tUe  trace  and  the  degree  of  elevation  showed  that  it  was  sudden  and  powerful  ia 
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its  character.  The  abrupt  descent  of  the  lever  showed  that  the  relaxation  was  almost 
instantaneous. 

4.  The  impulse  of  the  heart,  as  marked  by  the  third  lever,  was  shown  to  be  absolute- 
ly synchronous  with  the  ventricular  systole. 

Condensing  the  general  results  obtained  by  Marey,  which  are  of  course  subject  to  a 
certain  amount  of  vamtion,  we  have,  dividing  the  action  of  the  heart  into  ten  equal 
parts,  three  distinct  periods,  which  occur  in  the  following  order : 

Auricular  Systole, — This  occupies  two-tenths  of  the  heart's  action.  It  is  feeble  as 
compared  with  the  ventricular  systole,  and  relaxation  immediately  follows  the  contraction. 

Ventricular  Systole, — This  occupies  four-tenths  of  the  heart's  action.  The  contrac- 
tion is  powerful  and  the  relaxation,  sudden.  It  is  absolutely  synchronous  with  the  im- 
pulse of  the  heart. 

Auricular  Diastole, — This  occupies  four-tenths  of  the  heart's  action. 

Force  of  the  Heart. — There  are  few  points  in  physiology  concerning  which  opinions 
have  been  more  widely  divergent  than  the  question  of  the  force  employed  by  the  heart  at 
each  contraction.  Borelli,  who  was  the  first  to  give  a  definite  estimate  of  this  force,  put 
it  at  180,000  pounds,  while  the  calculations  of  Keill  give  only  5  ounces.  These  estimates, 
however,  were  made  on  purely  theoretical  grounds.  Borelli  estimated  the  force  em- 
ployed by  the  deltoid  in  sustaining  a  given  weight  held  at  arm's  length,  and  formed  his 
estimate  of  the  power  of  the  heart  by  comparing  the  weight  of  the  organ  with  that  of 
the  deltoid.  Eeill  made  his  estimate  from  a  calculation  of  the  rapidity  of  the  current 
of  blood  in  the  arteries.  Hales  was  the  first  to  investigate  the  question  experimentally, 
by  the  application  of  the  cardiometer.  lie  showed  that  the  pressure  of  blood  in  the 
aorta  could  be  measured  by  the  height  to  which  the  fluid  would  rise  in  a  tube  connected 
with  that  vessel,  and  estimated  the  force  of  the  left  ventricle  by  multiplying  the  press- 
ure in  the  aorta  by  the  area  of  the  internal  surface  of  the  ventricle.  The  cardiometer 
has  undergone  various  improvements  and  modifications,  but  tlie  above  is  the  principle 
which  is  so  extensively  made  use  of  at  the  present  day  in  estimating  the  pressure  of  the 
blood  in  different  parts  of  the  circulatory  system.  First  we  have  the  improvement  of 
Poiseuille,  who  substituted  a  U-tube  partly  filled  with  mercury  for  the  long  straight  tube 
of  Hales ;  and  then,  the  various  forms  of  cardiometers  constructed  by  Magendie,  Ber- 
nard, Marey,  and  otliers,  which  will  be  more  fully  discussed  in  connection  with  the  arte- 
rial circulation.  These  instruments  have  been  made  use  of  by  Marey,  with  very  good 
results,  in  investigating  the  relative  force  exerted  by  the  diflferent  divisions  of  the  heart. 

Hales  estimated,  from  experiments  upon  living  animals,  the  height  to  which  the  blood 
would  rise  in  a  tube  connected  with  the  aorta  of  the  human  subject,  at  7  feet  6  inches, 
and  gives  the  area  of  the  left  ventricle  as  15  square  inches.  From  this  ho  calculates  the 
force  of  the  left  ventricle  as  equal  to  51*5  pounds.  Although  this  estimate  is  only  an  ap- 
proximation, it  seems  to  be  based  on  more  reasonable  data  than  any  other. 

The  apparatus  of  Marey  for  registering  the  contractions  of  the  different  cavities  of 
the  heart  enabled  him  to  ascertain  the  comparative  force  of  the  two  ventricles  and  the 
right  auricle ;  the  situation  of  the  left  auricle  precluding  the  possibility  of  introducing  a 
sound  into  its  cavity.  By  first  subjecting  the  bags  to  known  degrees  of  pressure,  the  de- 
gree of  elevation  of  a  lever  may  be  graduated  so  as  to  represent  the  degrees  of  the  car- 
diometer. In  analyzing  traces  made  by  the  left  ventricle,  the  right  ventricle,  and  right 
auricle,  in  the  horse,  Marey  found  that,  as  a  general  rule,  the  comparative  force  of  the 
right  and  left  ventricles  is  as  one  to  three.  The  force  of  the  right  auricle  is  comparatively 
insignificant,  being  in  one  ease,  as  compared  with  the  right  ventricle,  only  as  one  to  ten. 

Action  of  the  Valves. — Wo  have  already  indicated  the  course  of  the  blood  through 
the  cavities  of  the  heart,  and  it  has  been  apparent  that  the  necessities  of  the  circulation 
demand  some  arrangement  by  which  the  current  shall  always  be  in  one  direction.    The 
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tvf  tiie  valves  which  guard  the  orifices  of  the  ventriclee  givod  an  Idea  of  tlieir 
fimctJvm ;  but  we  have  yet  to  consider  the  preci.^e  inechanbm  by  which  they  are  opened 
md  closed  and  the  way  in  which  re^rgitation  h  prevented. 

In  man  and  the  warm -blooded  animals,  there  are  no  Talves  at  the  orifices  by  which 
the  veiii^  open  into  the  aaricks.  As  has  already  been  seen,  compared  with  the  ventri- 
<le9v  the  force  of  the  auricles  is  insignificant ;  and  it  has  farthcriaore  been  fihewn  by  ex- 
*periiii«nt  Ihat  the  ventricles  may  be  filled  with  blood  and  the  circulation  continue,  when 
tfae  «aric1es  are  entirely  passive.  Altbongh  the  orifices  are  not  provided  with  Vidvea, 
ibt  Otrcnlar  arrangement  of  the  fibres  about  the  veins  is  such,  that  doriug  the  coutrac- 
tion  of  the  auricles  the  openings  are  considerably  narrowed^  and  regurgitation  cannot 
tike  pljice  to  any  great  extent.  The  force  of  the  blootl  flowing  into  the  auricles  like- 
wise offers  an  obstacle  to  \U  return.  There  is  really  no  valvular  apparatus  which  oper- 
ile»  U>  prevent  regurgitation  from  the  heart  into  the  veins;  for  tl^e  valvular  folds, 
which  are  so  numerous  in  the  general  venous  systein,  and  particuLarly  in  tlic?  veins  of 
the  rxtr^Mnities,  do  not  exist  in  the  vense  cavro*  The  contiBuoui*  flow  of  blood  from  the 
fiiiw  into  the  aaricle^  the  feeble  character  of  the  auricular  contractions,  the  arrange- 
fliMit  of  the  fibres  around  the  orifices  of  the  vefisels,  and  the  great  size  of  the  auriculo- 
WMitrictilar  openings  are  conditions  which  provide  sufficiently  for  the  fiow  of  blood  into 
Ifce  Tcntride^ 
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Aetion  of  tkt  Aurkulo-  Veniriauhir  Valces.—Aftt^r  the  ventricles  have  become  com- 
pletely distended  by  the  aaricnlar  «yHtok%  they  take  on  their  contraction,  which,  it  will 
be  fvineiRhered,  is  very  many  times  more  powerfid  than  the  contraction  of  the  auricles, 
TIi«y  bsTe  to  force  open  the  valves  which  close  the  orifices  of  the  pulmonary  artery  and 
•ortA  and  empty  their  contents  into  these  vessels.  To  accomplish  this,  at  the  moment  of 
lli»  Teotricnlar  systole,  there  is  an  instaDtaneous  and  complete  closure  of  the  auriculo- 
vwitncalar  valves,  leaving  but  one  opening  throngti  which  the  blood  can  pass.  That 
ibcse  Tmlves  close  at  the  moment  of  contraction  of  the  ventricles  is  demonstrated  by  the 
«X|>minent8  of  Chauvean  and  Faivre,  who  introduced  the  finger  through  nn  opening  into 
ikt  anrirle  and  actually  felt  the  valves  dose  at  the  instant  of  the  ventricular  systole. 
Thia  tactile  demonstration,  and  the  fact  that  the  first  sound  of  the  heart,  which  is  pro- 
dil0#d  la  great  part  by  the  closure  of  the  auriculo- ventricular  valves,  is  synchronous 
with  tine  ventricnlar  systole,  leave  no  doubt  as  to  the  mechanism  of  the  closure  of  these 
valwa  It  ia  probable  that,  as  tlie  blood  flows  into  the  ventricles,  the  valves  are  slight- 
floated  out,  but  they  are  not  closetl  until  the  ventricles  contract 
If  a  balk»ck'9  heart  be  prepared  by  cutting  away  the  auricles  so  as  to  expose  the 
Bittnd  and  tricuspid  valves,  securing  the  nozzles  of  a  double  syringe  in  the  pulmonary 
artery  and  aorta,  after  having  destroyed  the  semilunar  valves,  and  if  fluid  bo  injected 
ttmtdtaneously  into  both  ventricles,  the  play  of  the  valves  will  be  exhibited.  The  mitral 
ralve  effectnalJy  prevents  the  passage  of  fluid,  its  edges  being  so  accurately  approxi- 
mateid  that  not  a  drop  passes  between  them ;  but  when  the  pressure  is  considerable,  a 
certain  qnantity  of  fluid*  passes  the  tricuspid  valve.  There  is,  indeed,  a  certain  amount 
of  insiifficiency  at  the  right  anricolo-ventricuhir  orifice,  which  does  not  exist  on  the 
;e  side. 
The  fact  just  noted  was  first  pointed  out  by  Mr.  T.  W,  King,  atid  is  called  by  him  the 
•*iafety*%*ttlve  function  of  the  right  ventricle."  Tfie  advantage  of  this  slight  iosutficiency 
b  apf>arent  on  a  little  reflection.  The  right  ventricle  sends  it**  blood  to  the  lungs,  where, 
to  order  to  facilitate  the  respiratory  processes,  tlie  walls  of  the  capillaries  are  very  thin. 
The  Inngs  themselves  are  exceedingly  delicate,  and  an  effusion  of  blood,  or  considerable 
eofigiestion,  would  be  liable  to  be  followcnl  by  serious  consequences.  To  prevent  this,  the 
right  ventricle  is  not  permitted  to  exert  all  Its  force,  under  all  ci  re  am  stances,  upon  the 
blood  going  into  the  pulmonary  artery  ;  but,  when  the  aition  of  the  heart  is  exaggerated 
from  ftuy  canse,  the  longs  are  relieved  by  a  alight  regurgitation,  which  takes  place  through 
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the  tricuspid  valve.  The  lungs  are  still  farther  protected  by  the  sufficiency  of  the  mitral 
valve,  which  effectually  prevents  regurgitation  from  the  left  ventricle.  In  the  systemic 
circulation,  the  capillaries  are  less  delicate  ;  extravasation  of  blood  would  not  be  followed 
by  any  serious  results ;  and  the  circulating  fluid  is  made  to  pass  through  a  considerable 
extent  of  elastic  vessels,  before  it  is  distributed  in  the  tissues.  It  is  evident  that,  on 
the  left  side,  there  is  no  necessity  for  such  a  provision,  and  it  does  not  exist. 

Action  of  the  Aortic  and  Pulmonic  Valves, — The  action  of  the  semilunar  valves  is 
nearly  the  same  upon  both  sides.  In  the  intervals  of  the  ventricular  contractions,  they 
are  closed  and  prevent  regurgitation  of  blood  into  the  ventricles.  The  systole,  however, 
overcomes  the  resistance  of  these  valves  and  forces  the  contents  of  the  ventricles  into  the 
arteries.  During  this  time,  the  valves  are  applied,  or  nearly  applied,  to  the  walls  of  the 
vessel ;  but,  so  soon  as  the  ventricles  cease  their  contraction,  the  constant  pressure  of  the 
blood,  which,  as  we  shall  see  hereafter,  is  very  great,  instantaneously  closes  the  openings. 

The  action  of  the  semilunar  valves  can  be  exhibited  by  cutting  away  a  portion  of  the 
ventricles  in  the  heart  of  a  large  animal,  securing  the  nozzles  of  a  double  syringe  in  the 
aorta  and  pulmonary  artery,  and  forcing  water  into  the  vessels.  In  performing  this  ex- 
periment, it  will  be  noticed  that,  while  the  aortic  semilunar  valves  oppose  the  passage  of 
the  liquid  so  efi^ectually  that  the  aorta  may  be  ruptured  before  the  valves  will  give  way, 
a  considerable  degree  of  insufficiency  exists,  under  a  high  pressure,  at  the  orifice  of  the 
pulmonary  artery.  There  is  at  this  orifice  a  safety-valve  function  as  important  as  that 
ascribed  by  King  to  the  tricuspid  valve.  It  is  evident  that  the  slight  insufficiency  at  the 
pulmonic  orifice  may  bo  even  more  directly  important  in  protecting  the  lungs  than  the 
insufficiency  of  the  tricuspid  valve.  The  difference  in  the  sufficiency  of  the  semilunar 
valves  on  the  two  sides  is  fuUy  as  marked  as  between  the  auriculo-ventricular  valves ; 
and  it  is  surprising  that,  since  the  observations  of  King,  this  fact,  which  we  demonstrated 
for  the  first  time  in  1864,  has  not  attracted  the  attention  of  physiologists. 

It  is  probable  that  the  corpuscles  of  Arantius,  which  are  situated  in  the  middle  of  each 
valvular  curtain,  assist  in  the  accurate  closure  of  the  orifice.  The  sinuses  of  Valsalva, 
situated  in  the  artery  behind  the  valves,  are  regarded  as  facilitating  the  closure  of  the 
valves  by  allowing  the  blood  to  pass  easily  behind  them. 

Sounds  of  the  Heart. — If  the  ear  be  applied  to  the  pr»cordial  region,  it  will  be  found 
that  the  action  of  the  heart  is  accompanied  by  certain  sounds.  A  careful  study  of  these 
sounds  and  of  their  modifications  in  disease  has  enabled  the  practical  physician  to  distin- 
guish, to  a  certain  extent,  the  conditions  of  the  heart  by  auscultation.  This  increases 
the  interest  which  attaches  to  the  audible  manifestations  of  the  action  of. the  great  central 
organ  of  the  circulation. 

The  appreciable  phenomena  which  attend  the  heart's  action  are  connected  with  the 
systole  of  the  ventricles.  It  is  this  which  produces  the  impulse  against  the  walls  of  the 
thorax,  and,  as  we  shall  see  farther  on,  tlie  dilatation  of  the  arterial  system,  called  the 
pulse.  It  is  natural,  therefore,  in  studying  these  phenomena,  to  take  the  systole  as  a 
point  of  de|)arture,  instead  of  the  action  of  the  auricles,  which  we  cannot  appreciate 
without  vivisections;  and  the  sounds,  which  are  two  in  number,  have  been  called  first 
and  second,  with  reference  to  the  systole. 

The  first  sound  is  absolutely  synchronous  with  the  apex-beat.  The  second  sound 
follows  the  first  with  scarcely  an  appreciable  interval.  Between  the  second  and  the 
first  sound,  there  is  an  interval  of  silence. 

Some  writers  have  attempted  to  represent  the  sounds  of  the  heart  and  their  relations 
to  each  other,  by  certain  syllables,  as,  "  luhh-dup  or  liihh  tuh  ;  "  but  it  seems  unnecessary 
to  attempt  to  make  surli  a  coni])arison,  which  can  only  be  appreciated  by  one  who  is 
practically  ac(inaintcd  with  the  heart-sounds,  when  the  sounds  tliomselvos  can  be  so 
casilv  studied. 
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Both  sonnda  are  j^erallj  heard  with  distinctness  over  nny  part  of  the  prfficordia. 
Tbe  first  floand  U  heard  with  its  maximani  of  inteneitj  over  the  body  of  the  heart,  a  little 
Iwknr  and  irithm  the  nipple,  between  the  fourth  and  fifth  ribs^  and  is  propagate  with 
gifiimf  facility  downward,  toward  the  apex.  The  second  sound  is  heard  with  its  max i- 
■umi  of  intensity  at  the  base  of  the  heart,  between  the  nipple  and  the  sternum,  at  about  the 
jMalitj  of  the  third  rib,  and  is  propagated  upward^  along  the  eoorse  of  the  great  vessel?. 
Tbe  rhythm  of  tbe  sounds  bears  a  certain  relation  to  the  rhythm  of  the  hearths  action, 
rh  we  have  already  disctissed ;  the  ditTerence  being,  that  we  here  regard  the  heart's 
I  commencing  with  the  systole  of  the  ventricles,  while,  in  following  the  action  of 
Dt  parts  of  the  organ,  we  followed  the  course  of  the  blood  and  commenced  with 
f  fjrstc^  of  the  auricles.  Lacnnec  was  the  first  to  direct  special  attention  to  the  rhythm 
~ittik6i«  eoands,  although  they  had  l>een  recognized  by  Rarvey^  who  compared  them  to  the 
mmda  nuide  by  the  passage  of  fluids  along  the  oesophagus  of  a  horse  when  drinking.  Ho 
divided  fl  single  revolution  of  the  heart  into  four  parts:  the  first  two  parts  are  occupied 
by  the  first  sound  ;  the  third  part,  by  the  second  sound  ;  and  in  the  fourth  part  there  is 
no  xmnd.  He  regarded  the  second  sound  as  following  immediately  after  the  first  Some 
iulliers  have  described  a  **  short  silence  "  as  occurring  after  the  first  sound,  and  a  **  long 
ttlonoe,"  after  the  second  sound.  The  short  silence,  if  appreciable  at  all,  is  so  indistinct 
,  it  may  practically  be  disregarded. 

Host  physiologists  regard  the  duration  of  the  first  sound  as  a  little  less  than  two-fourths 
(the  heart-fi  miction,  and  the  second  sound  as  a  little  more  than  one-fourth.     When  we 
i  to  consider  the  mechanism  of  the  production  of  the  two  sounds,  we  shall  see  that, 
if  our  views  on  that  point  be  correct,  the  first  sound  should  occupy  the  period  of  the  ven- 
cular  systole,  or  four-tenths  of  the  hearths  action,  the  second  sound  atK>ut  three-tenths, 
the  repose  three-tentha. 

The  first  sound  is  relatively  dull,  low  in  pitch,  and  is  made  up  of  two  elements;  one^ 
s  valvular  element,  in  which  it  resembles  in  character  the  second  sound,  and  the  other,  an 
•toaracnt  which  is  due  to  the  action  of  the  heart  as  a  muscle.  It  hns  l>een  ascertained  tlmt 
lE  tiiii9cular  contraction  is  attended  with  a  certain  sound.  To  this  is  added  an  impolsion 
dement,  which  is  produced  by  the  striking  of  the  heart  against  the  walls  of  the  thorax. 

The  second  sound  ia  relatively  sharp,  high  in  pitch,  and  has  but  one  clear  element, 
which  we  have  already  alluded  to  as  valvular. 


^MMif  ^ths  Saundi  of  the  Henrt — ^There  is  now  scarcely  any  difference  of  opinion 
'  \  regard  to  the  cause  of  the  second  sound  of  the  heart.  The  experiments  of  Rouanct, 
ihEihed  in  1832,  settled  beyond  a  doubt  that  it  is  due  to  a  closure  of  iha  aortic  and 
pnbuoiiary  semilunar  valves.  In  his  essay  upon  this  snbject^  Rouanet  acknowledges  his 
hidebtedness  for  the  first  suggestion  nf  this  explanation  to  Mr.  Carswell,  who  wbs  at 
that  time  prosecoting  his  studies  in  Paris,  Tlie  experiments  by  wliich  this  is  demon- 
strated are  as  simple  as  they  are  conchjsive.  First  we  have  the  experiments  of  Kouanet, 
who  imitated  tbe  second  sonnd  by  producing  sudden  closure  of  the  aortic  valves  by  n 
flolmilfi  t»f  water.  We  then  have  the  experiments,  even  more  conclnsive,  of  tbe  Britii^h 
OtilBffti*£iini,  in  which  the  semilunar  valves  were  caught  up  by  curved  hooks  introduced 
ttl  '^f  a  living  animal,  the  ass,  with  the  result  of  abolishing  the  second 

ffj  ing  for  it  a  hissing  muromr.     When  tlie  instniments  were  with- 

dmwn  and  the  valves  permitted  to  resume  their  action,  the  normul  soimd  returned. 

It  18  unnecessary  to  discuss  the  various  theories  which  have  been  advanced  to  explain 

tbe  second  sound,  as  it  is  now  generally  acknowledged  to  be  due  to  the  suddeu  closure 

the  semilanar  valves  at  the  orifices  of  the  aorta  and  pulmonary  artery.     Wo  remark, 

ireferp  that  the  sound  is  heard  with  its  maximum  of  intensity  over  the  site  of  these 

^^Wlves^  and  is  propagated  along  the  great  vessels,  to  which  they  are  attached.      It  abo 

iicears  precii*ely  ot  the  time  of  their  closure;  viz.,  immediately  following  the  rentricular 

ifitale,. 
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The  cause  of  the  first  Boand  of  the  heart  has  noti  until  within  a  few  years,  been  60 
well  understood.  It  was  niaintained  by  Ronanet  that  tliis  sound  was  produced  by  the 
sudden  closure  of  the  aurlculQ-veutricular  valves;  but  the  situation  of  these  valves  ren- 
dered it  difficult  to  demonstrate  this  by  actual  experiuiejat.  We  have  already  seen,  tl»at, 
while  the  second  sound  is  purely  valvular  in  its  character,  the  first  sound  is  composed  of 
a  certain  number  of  different  elomouts ;  but  auscultatory  experiments  have  been  made  by 
which  all  but  the  valvular  element  are  eliminated  and  the  character  of  the  first  sound 
made  to  resemble  that  of  the  second.  Concluaivo  obaervations  on  this  point  were  nmde 
a  few  years  ago  by  Dr.  Austin  Flinty  constituting  part  of  an  essay  which  received  the 
prize  of  the  American  Medical  Association  in  1858.  In  this  essay,  the  following  points 
were  established : 

1.  If  a  folded  handkerchief  be  placed  between  the  stetlioscope  and  integument,  the 
first  sound  is  divested  of  some  of  its  most  distinctive  features.  It  loses  the  quality  of  im- 
pulsion and  presents  a  well-marked  valvular  quality. 

2.  In  many  instances^  w^hen  the  stethoscope  is  applied  to  tlie  prajcordia  while  the 
subject  is  in  a  recumbent  posture  and  the  heart  is  removed  by  force  of  ^avity  from  thd 
anterior  wall  of  the  thorax,  the  first  sound  becomes  purely  valvular  in  character  and  aa 
short  as  the  second. 

d.  When  the  stethoscope  is  applied  to  the  cheat  a  little  distance  from  the  point  where 
the  first  sound  is  heard  with  its  maximum  of  intensity,  it  presents  only  its  valvular  ele- 
ment. 

These  observations,  taken  in  connection  with  the  fact  that  the  first  sound  occurs  when 
the  ventricles  contract  and  necessarily  accompanies  the  cloanre  of  the  auriculo-ventricular 
valves,  show  pretty  conclusively  that  these  valves  produce  at  least  one  element  of  the 
sound.  In  farther  support  of  this  opinion,  we  have  the  fact  that  the  first  sound  is  heard 
with  its  niftximum  of  intensity  over  the  site  of  the  valves  and  is  propagate*!  downward 
along  the  ventricles,  to  which  the  valves  are  attached.  Actual  experiments  are  not  want- 
ing to  confirm  this  view,  Chauvoau  and  Faivro  have  succeeded  in  abolishing  the  iirat 
sound  by  the  introduction  of  a  wire  ring  into  the  auriculo-ventriciilar  orifice  througlj  a 
little  opening  in  the  auricle,  bo  as  to  prevent  the  closure  of  the  valves.  AVhen  this  is 
done,  the  first  sound  ia  lo^t;  but  on  taking  it  out  of  the  opening  the  sound  returns. 
These  observers  also  abolished  the  first  sound  by  introducing  a  small  curved  tenotomy- 
knife  through  the  auricnlo-ventricuhir  orifice  and  dividiug  the  cliordaj  tendinea?.  In 
this  experiment  a  loud  rushing  murmur  took  the  place  of  tfte  sound.  These  observations 
and  experiments  settle  beyond  question  the  fact  that  the  closure  of  the  auriculo-ven- 
tricular  valves  produces  one  clement  of  the  first  sound. 

The  other  elements  which  enter  into  the  composition  of  the  first  sound  are  not  so 
prominent  as  the  one  we  have  just  considered,  although  they  serve  to  give  it  its  pro- 
longed and  '^  booming "  character.  These  elements  are,  a  sound  like  that  produced  by 
any  large  musck*  during  its  contraction,  called  by  some  the  muscular  murmur,  and  the 
sound  produced  by  the  impulse  of  the  heart  against  the  walls  of  the  chest. 

There  can  ho  no  doubt  but  that  the  muscular  murmur  is  one  of  the  elements  of  the 
first  sound ;  and  it  is  this  which  gives  its  prolonged  character  when  tlie  stethoscope  ia 
applied  over  the  body  of  the  organ,  as  the  sound  produced  in  nmm'les  continues  during 
the  whole  period  of  their  contraction.  Admitting  this  to  bo  an  element  of  the  first  sound, 
wo  can  understand  how  its  duration  must  necessarily  coincide  with  that  of  the  ventricular 
systole.  We  can  appreciate,  also,  how  all  but  the  valvular  element  is  eliroinated  when 
the  stethoscope  is  moved  from  the  body  of  the  heart,  the  muscular  sound  not  being  prop- 
agated as  completely  as  the  sound  made  by  the  closure  of  t!ie  valves. 

The  impulse  of  the  heort  against  the  walls  of  the  thorax  also  contrihutcs  to  produce 
the  first  sound.  This  is  demonstrated  by  noting  the  difference  in  the  sound  when  the 
subject  is  lying  upon  the  back,  and  when  he  is  upright,  by  interposing  any  soft  sub- 
-trinco  between  the  stethoscope  and  the  chest,  or  by  auscultating  the  heart  after  the 
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hafl  been  removed-  Under  these  conditions,  the  first  sound  loses  its  boonsing 
ehmct^r,  retaining,  howeverf  the  mnscalar  element,  when  the  instrnment  is  applied  to 
the  exposed  organ. 

The  first  sound  of  the  be&rt  is  complex.  It  is  prodoced  by  the  sudden  closure  of  the 
iafWQlo-TBntiical&r  valves  at  the  beginning  of  the  ventricalar  fiysKjle,  to  which  are  super- 
■iM,  the  mnsGillar  sonnd^  dne  to  the  contraction  of  the  muscular  fibres  of  the  heart,  and 
the  liiipiilflioa-fionnd)  dne  to  the  shock  of  the  organ  against  the  walls  of  the  tbtorax. 

The  aecond  sonnd  is  simple.  It  is  produced  bj  the  sudden  cloi^ure  of  the  aortic  and 
^almaoic  semilnnar  valves,  immediately  following  the  ventricular  systole. 

It  IS  of  the  greatest  importance,  with  reference  to  pathology,  to  have  a  clear  idea  of 
the  currents  of  bloo<l  through  the  heart,  with  their  exact  relation  to  the  sounds  and 
iDlemiA.  At  the  commencement  of  the  first  sound,  the  blood  b  fureibly  thrown  from 
the  feotricles  into  the  pulmonary  artery  on  the  right  side  and  the  aorta  un  the  left, 
and  the  enriculo-ventricular  valves  are  suddenly  closed.  During  the  entire  period  oc- 
ea^ed  by  this  sound,  the  blo<3d  is  flowing  rapidly  through  the  arterinl  oritices,  and  the 
micled  are  receiving  blood  slowly  from  the  venae  cava?  and  tlie  pulmouary  veiu:^.  \\lien 
the  leeond  sound  oecurs,  the  ventricles  having  become  suddenly  relaxed,  the  recoil  of 
the  arterial  walls,  acting  upon  the  columu  of  blood,  immediately  closes  the  semilunar 
valvea  open  the  two  sides.  The  auricles  continue  to  dilate,  and  the  ventricles  are  slowly 
reoeiving  blood.  Immediately  following  the  second  sound,  during  the  first  part  of  the 
,  the  auricles  become  fully  dilated ;  and,  iu  the  last  part  of  the  interval,  imme- 
slj  preceding  the  first  sound,  the  auricles  contract  and  the  vvintricles  are  fully 
Thi£  completes  a  single  revolution  of  the  heart. 


Frequency  of  the  HtarVi  Attwn.—YhywLcians  have  always  attached  the  greatest  im- 
\  to  the  iVeqnency  of  the  action  of  the  heart,  as  one  of  the  important  indications 
\  general  condition  of  the  system.  The  variations  which  are  met  with  in  health,  de- 
pending upon  age,  sex,  muscular  activity,  the  condition  of  tlie  digestive  sjBtem,  etc.,  point 
10  the  fact  that  the  action  of  the  heart  is  closely  allied  to  tbe  various  functions  of  the 
economy  and  readily  sympathizes  with  their  derangements.  As  each  ventricular  systole 
is  followed  by  an  expansion  of  the  arteries,  which  is  readUy  appreciated  by  the  touch,  it 
t*  more  convenient  to  study  the  succession  of  these  moveraents  by  exploring  the  vessels 
bj  examination  of  the  heart  itself.  Leaving  out  certain  of  the  qualities  of  tbe  pulse, 
lis  becomes  an  exact  criterion  of  the  acts  of  the  heart. 
The  ntnnber  of  pulsations  of  the  heart  is  not  far  from  seventy  per  minute  in  an  adult 
male  and  is  from  six  to  ten  more  in  a  female,  Tliere  are  individual  cases,  however,  in 
bicli  the  pnlse  is  normally  much  slower  or  more  frequent  than  this,  a  fact  which  must  be 
umbered  when  examining  the  pulse  in  disease.  It  is  said  that  the  pnlso  of  Napoleon  L 
was  only  forty  per  minute.  Dr.  Dunglison  mentions  a  case  which  came  under  his  own 
rvation,  in  which  the  pulse  presented  an  average  of  tliirty^six  per  minute.  The  same 
Btbtir  states  that  the  pulse  of  Sir  William  Congreve  was  never  below  one  hundred  and 
•lit  per  minute,  in  health.  It  is  by  no  means  uiifrequent  to  find  a  healthy  pulse 
I'd  or  more  a  minute;  but,  in  the  cases  reported  in  which  the  jjulse  has  been 
tmd  tu  be  forty  or  less,  it  is  possible  that  every  alternate  beat  of  the  heart  was  so  feeble 
\  to  produce  no  perceptible  arterial  pulsation.  In  this  case,  the  fact  may  be  ascertained 
by  liftt^mng  to  the  heart  while  the  finger  is  placed  upon  tlie  artery.  Such  an  instance  has 
lately  come  under  our  observation,  in  which  the  pulse  was  apparently  but  thirty-five  per 
nixitite. 

lnfi^ene«  of  A$e  and  Sex,^lji  both  the  male  and  female,  observers  have  constantly 
found  a  great  difference  in  the  rapidity  of  the  heart*s  action  at  different  periods  of  life. 
The  observations  of  I)r,  Guy  on  this  point  are  very  numerous  and  were  made  with  the 

BOst  care  with  regard  to  the  conditions  of  the  system  at  tbe  time  the  pulse  was  taken 
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in  each  case.  All  wore  taken  at  the  same  hour  and  with  the  snhject  in  a  sitting  posture. 
Dr.  Guy  found  the  pulsations  of  the  heart  in  the  foetus  to  he  pretty  uniformly  140  per 
minute.  At  hirth,  the  pulse  is  136.  It  gradually  diminishes  during  the  first  year  to 
ahout  128.  The  second  year,  the  diminution  is  quite  rapid,  the  tahles  of  Dr.  Guy  giving 
107  as  the  mean  frequency  at  two  years  of  age.  After  the  second  year,  the  frequency 
progressively  diminishes  until  adult  life,  when  it  is  at  its  minimum,  which  is  ahout  70  per 
minute.  It  is  a  common  hut  erroneous  impression  that  the  pulse  diminishes  in  frequency 
in  old  age.  On  the  contrary,  numerous  ohservations  show  that  at  the  later  periods  of 
life  the  movements  of  the  heart  hecome  slightly  accelerated,  ranging  from  75  to  80. 

During  early  life  there  is  no  marked  and  constant  difference  in  the  rapidity  of  the 
pulse  in  the  sexes ;  hut,  toward  the  age  of  puherty,  the  development  of  the  sexual  pecu- 
liarities is  accompanied  with  an  acceleration  of  the  hearths  action  in  the  female,  which 
continues  even  into  old  age.  The  differences  at  different  ages  are  shown  in  the  following 
table,  compiled  from  the  ohservations  of  Dr.  Guy : 
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Avenge  pulaations.  Average  pnlMttona. 

97 98 

.84 94 

76 82 

.73 80 

70 78 

.68 78 

70 77 

.67 76 

68 77 

.70 78 

67 81 

.71 82 

Influence  of  Digestion, — ^The  condition  of  the  digestive  system  has  a  marked  influence 
on  the. rapidity  of  the,pulse,  and  there  is  generally  an  increase  in  the  pulse  of  from  five 
to  ten  boats  per  minute  after  each  meal.  Prolonged  fasting  diminishes  its  frequency  by 
from  twelve  to  fourteen  beats.  Alcohol  first  diminishes  and  afterward  accelerates  the 
pulse.  Coffee  is  said  to  accelerate  the  pulse  in  a  marked  degree.  It  has  been  ascertained 
that  the  pulse  is  accelerated  to  a  greater  degree  by  animal  than  by  vegetable  food.  These 
variations  have  long  been  recogDized  by  physiologists. 

Influence  of  Poiture  and  Muscular  Exertion. — It  has  been  observed  that  the  position 
of  the  body  has  a  very  marked  influence  upon  the  rapidity  of  the  pulse.  Experiments 
of  a  very  interesting  character  have  been  made  by  Dr.  Guy  and  others,  with  a  view  to 
determine  the  difference  in  the  pulse  in  different  postures.  In  the  male,  there  is  a  differ- 
ence of  about  ten  beats  between  standing  and  sitting,  and  fifteen  beats  between  standing 
and  the  recumbent  posture.  In  the  female,  the  variations  with  position  are  not  so  great. 
The  average  given  by  Dr.  Guy  is,  for  the  male  standing,  81 ;  sitting,  71 ;  lying,  66 ; — 
for  the  female :  standing,  91 ;  sitting,  84 ;  lying,  80.  this  is  given  as  the  average  of  a 
large  number  of  observations.  There  were  a  few  instances,  however,  in  which  there  was 
scarcely  any  variation  with  posture,  and  some  in  which  the  variation  was  much  greater 
than  the  average.  In  the  inverted  posture,  the  pulse  was  found  to  be  reduced  about 
fifteen  beats. 

Tlie  question  at  once  suggests  itself  whether  the  acceleration  of  the  pulse  in  sitting 
and  standing  may  not  be  due,  in  some  measure,  to  the  muscular  effort  required  in  mak- 
ing the  change  of  posture.  This  is  answered  by  the  farther  experiments  of  Dr.  Guy,  in 
which  the  subjects  were  placed  on  a  revolving  board,  and  the  posture  changed  without 
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Ibrt.  The  same  resulU  as  those  cited  above  were  obtained  in  tbesKJ  qx- 
ring  that  tbe  difference  is  Jae  to  the  position  of  the  bodv  alone.  In  a 
oli«erTStioD^  Dr.  Guy  found  the  pulse,  standing,  to  be  89 ;  l.ving^  77;  difference, 
IS.  With  the  posture  changed  without  any  musoular  effort,  the  re«ui(s  were  as  follows : 
ftaoding,  87;  lying,  74;  difference,  13.  Yarious  theoretical  explanations  of  these  vari- 
ations  hare  been  offered  by  physiologists ;  but  Dr.  Guy  seems  to  have  settled  experi- 
laeiD tally  the  fact  that  the  acceleration  is  due  in  part  to  the  muscular  effort  required  to 
maintain  the  body  in  the  sitting  and  standing  positions.  Tlie  following  are  tbe  resnUti 
of  experimenta  which  bear  conclusirely  on  this  point,  in  which  it  is  shown  that  when 
the  body  is  carefully  supported  in  the  erect  or  sitting  posture,  so  as  to  be  maintained 
withont  muscular  effort,  the  puhk^  is  less  frequent  than  when  the  subject  is  standing ; 
and,  fartbermore,  that  the  pulse  is  decelerated,  in  the  recumbent  posture,  when  the  body 
is  only  partially  supported: 

'*  1*  Difference  between  the  pulse  in  the  erect  posture,  without  support^  and  leaning 
in  the  same  posture,  in  an  average  of  twelve  experiments  on  the  writer,  12  beats;  and 
OQ  an  average  of  eight  experiments  on  other  healthy  males,  8  beata. 

'2,  Difference  in  the  frequency  of  tbe  pulse  in  the  recumbent  posture,  the  body  fully 
B{tportcd^  and  partially  supported,  14  beats,  on  an  average  of  five  cxperimenti*. 

*3,  Sitting  posture  (mean  of  ten  experiments  on  th#  writer),  back  supported,  80; 

arted,  87 ;  difference,  7  beats. 

**4^  Sitting  posture  with  the  legs  raised  at  right  angles  with  the  body  (average  of 

reoly  experiments  on  the  writer)>  back  unsupported,  B6;  supported,  68;  difference,  18 

An  average  of  fifteen  experiments  of  the  same  k'md  on  other  healthy  males  gave 

foUowiDg  numbers:  back  unsupported,  80;  supported,  68;  a  difference  of  12  beats." 

Infiuencf  of  Bxercite^  eU.^lt  is  a  fact  generally  admitted  that  muscular  exertion  in- 
ea  the  fret]uenoy  of  the  pulsations  of  the  heart ;  and  the  cxpcrimcnt,s  Just  cited  show 
at  the  difference  in  rapidity,  which  is  by  some  attributed  to  change  tn  posture  (some 
kitions,  it  is  fancied,  offering  fewer  obstacles  to  the  current  of  blood  than  others),  is 
mainly  due  to  muscular  exertion.  Every  one  knows,  indeeil,  that  the  action  of  tbe  heart 
i  much  moire  rapid  after  violent  exertion^  such  as  running,  lifting,  etc.  Experiments  on 
point  data  from  quite  a  remote  period,  Bryan  Robinson,  who  published  a  treatise 
the  •*  Animal  Economy"'  in  1734,  states,  as  the  result  of  observation,  that  a  man  in 
the  recitiiihent  position  has  04  pulsations  per  minute ;  sitting,  68 ;  after  a  slow  walk,  78 ; 
after  walkin;;  four  miles  in  an  hour,  lOO;  and  140  to  150  after  running  as  fast  as  be 
could.  This  genera]  statement,  which  has  been  repeatedly  verified,  shows  the  powerful 
tnilaence  of  the  muscular  system  on  the  heart.  The  fact  is  so  familiar  that  it  need  not 
be  fartlier  dwelt  upon. 

The  inUuenoe  of  sleep  upon  the  action  of  the  heart  reduces  itself  almost  entirely  to 
the  proposition  that,  during  this  condition,  we  have  an  entire  absence  of  muscular  effort, 
sod  consequently  the  number  of  beats  is  leas  than  when  the  individual  is  aroused.  It 
haa  been  found  that  there  is  no  difference  in  the  pulse  between  sleep  and  perfect  quiet  in 
tho  reeambent  posture.  This  fact  obtains  in  the  adult  male ;  but  it  is  said  by  Quetelet 
here  is  a  marked  difference  in  females  and  young  children,  the  pulse  being  always 
'  'luring  sleep. 

jnjjiuyics  of  Tempeniture, — The  influence  of  extremes  of  temperature  upon  the  lieart 
19  \L*rv  decided.  The  pulse  may  be  doubled  by  remaining  a  very  few  minutes  exposed 
to  extreme  heat,  Bence  Jones  and  Dickinson  have  ascertained  that  the  pulse  may  be 
fury  much  reduced  in  frequency,  for  a  short  time,  by  the  cold  douche.  It  lia;*  also  been 
roniarked  that  the  pulse  is  habitually  more  rapid  in  warm  than  in  cold  climates. 

Although  many  circumstances  materially  affect  the  rapidity  of  the  heart's  action,  they 
io  not  complicate,  to  any  great  extent,  our  examinations  of  the  pnlse  in  disease*    In 
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cases  which  present  considerable  febrile  movement,  the  patient  is  generally  in  the  recnm- 
bent  posture.  The  variations  induced  by  violent  exercise  are  easily  recognized,  while 
those  dependent  upon  temperature,  the  condition  of  the  digestive  system,  etc.,  are  so 
slight  that  they  may  practicaDy  be  disregarded.  It  is  necessary  to  bear  in  mind,  how- 
ever, the  variations  which  exist  in  the  sexes  and  at  different  periods  of  life,  as  well  as 
the  possibility  of  individual  peculiarities,  when  the  action  of  tlie  heart  may  be  extraor- 
dinarily rapid  or  slow. 

Influence  of  Fespiration  upon  the  Action  qf  the  Heart, — The  relations  between  the 
functions  of  circulation  and  respiration  are  very  intimate,  and  one  function  cannot  go  on 
without  the  other.  If  circulation  be  arrested,  the  muscles,  being  no  longer  supplied  with 
fresh  blood,  soon  lose  their  contractile  power,  and  respiration  ceases.  We  shall  also  find 
that  circulation  is  impossible  if  respiration  be  permanently  arrested.  When  respiration 
is  imperfectly  performed,  the  action  of  the  heart  is  slow  and  labored.  All  physicians 
are  familiar  with  the  slow,  full  pulse,  indicating  labored  action  of  tbe  heart,  which 
occurs  in  profound  coma.  The  effects  of  arrest  of  respiration  are  marked  in  all  parts 
of  the  circulatory  system,  arteries,  capillaries,  and  veins ;  but  the  disturbances  thus  pro- 
duced all  react  upon  the  heart,  and  the  modifications  which  take  place  in  the  action  of 
this  organ  are  of  the  greatest  interest  and  importance. 

If  the  heart  be  exposed  in  a  living  animal  and  artificial  respiration  bo  kept  up, 
although  the  pulsations  are  increased  in  frequency  and  diminished  in  force,  after  a  time 
they  become  perfectly  regular  and  continue  thus  so  long  as  air  is  adequately  supplied  to 
the  lungs.  Under  these  circumstances,  we  have  the  respiration  entirely  at  our  com- 
mand and  can  study  the  effects  of  its  arrest  upon  the  heart  with  the  greatest  facility. 
If  we  arrest  respiration,  we  observe  the  following  changes  in  the  action  of  the  heart : 
For  a  few  seconds  pulsations  go  on  as  usual,  but  in  about  a  minute  they  begin  to 
diminish  in  frequency.  At  the  same  time,  the  heart  becomes  engorged  with  blood,  and 
the  distention  of  its  cavities  rapidly  increases.  For  a  time  its  contractions  are  com- 
petent to  discharge  the  entire  contents  of  the  left  ventricle  into  the  arterial  system,  and 
a  cardiometer  applied  to  an  artery  will  indicate  a  great  increase  in  the  pressure  of  blood. 
A  corresponding  increase  in  the  movements  of  the  mercury  will  be  noted  at  each 
action  of  the  heart,  indicating  that  the  organ  is  acting  with  abnormal  vigor.  If  respira- 
tion be  still  discontinued,  the  engorgement  becomes  intense,  the  heart  at  each  diastole 
being  distended  to  its  utmost  capacity.  It  now  becomes  incapable  of  emptying  itself, 
the  contractions  become  very  unfrequent,  perhaps  three  or  four  in  a  minute,  and  are 
progressively  enfeebled.  The  organ  is  dark,  almost  black,  owing  to  the  circulation  of 
venous  blood  in  its  substance.  If  respiration  be  not  resumed,  this  distention  continues, 
the  contractions  become  less  frequent  and  more  feeble,  and  in  a  few  minutes  they  en- 
tirely cease. 

The  arrest  of  the  action  of  the  heart,  under  these  circumstances,  is  chiefly  mechani- 
cal. Tbe  unaCrated  blood  passes  with  difl5culty  through  the  capillaries  of  the  system, 
and,  as  the  heart  is  constantly  at  work,  the  arteries  become  immensely  distended.  This 
is  proven  by  tlie  great  increase  in  the  arterial  pressure  while  these  vessels  are  full  of 
black  blood.  If  we  now  closely  examine  the  heart  and  great  vessels,  we  are  able  to 
note  distinctly  the  order  in  which  they  become  distended.  These  i)henomena  were  par- 
ticularly noticed  and  described  by  Prof.  Dalton,  and  they  demonstrate  conclusively  that, 
in  asphyxia,  the  obstruction  to  the  circulation  commences,  not  in  the  lungs,  as  is  com- 
monly supposed,  but  in  the  capillaries  of  the  system,  and  is  propagated  backward  to 
the  heart  tlirough  the  arteries.  The  distention  of  the  heart  in  asphyxia  is  therefore  due 
to  the  fact  that  unaOrated  blood  cannot  circulate  in  the  systemic  capillaries.  When  thus 
distended,  the  muscular  fibres  of  the  heart  become  paralyzed,  like  any  muscle  after  a 
severe  strain. 

If  respiration  be  resumed  at  any  time  before  the  heart's  action  has  entirely  ceased,  the 
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ofgaa  in  a  few  moments  resumes  ltd  normal  fanction.  We  first  notice  a  change  £rom  the 
teAj  hue  it  bas  assamed  to  a  vivid  red,  which  is  owing  to  the  circulation  of  arteria) 
Ubod  in  it«  capillaries.  Tlio  distention  then  becomes  graduallj  relieved,  and,  for  a  ft  w 
cooxnenta,  the  pnlsations  are  abnormallj  frequent.  If  we  now  open  an  artery,  it  will  be 
found  to  c^^ntain  red  blood.  An  instrument  applied  to  an  artery  will  show  a  diminution 
in  arterial  pressiire  and  in  the  force  of  the  hearths  action,  if  the  arrest  of  respiration  have 
been  carried  only  far  enough  to  moderately  distend  the  heart ;  or  there  is  an  increa^L* 
in  the  pressure  and  force  of  the  heart,  if  its  action  have  been  nearly  arrested.  A  few 
momeiits  of  regular  insufflation  will  cause  the  pulsations  to  resume  their  normal  char- 
■eter  and  frequency. 

In  the  human  subject,  the  effects  of  temporary  or  permanent  arrest  of  respiration  on 

the  heart  are  undoubtedly  the  same  as  those  observed  in  experiments  upon  the  warm- 

l^looded  animals*     In  the  same  way,  also,  it  is  possible  to  restore  the  normal  action  of  the 

gsni  if  respiration  be  not  too  long  suspended,  by  the  regular  introductioo  of  fresh  air 

Kto  the  lungs.    The  numerous  examples  of  animation  restored  by  artificial  respiration,  in 

owning,  etc.,  are  evidence  of  this  tact.     In  cases  of  asj>hyxia,  those  measures  by  which 

ficial  respiration  is  roost  effectmilly  miuntained  have  been  found  most  efficient. 

Certain  individuals  have  been  said  to  have  the  power  of  temporarily  arresting  the 

stion  of  the  heart  by  a  voluntary  suspension  of  respiration.     The  most  remarkable  case 

!  this  kind  on  record  is  that  of  Colonel  Townshend,  which  is  quoted  in  many  works  on 

bjnology.     Colonel  Townshend  was  said  to  be  able  to  arrest  respiration  and  the  action 

'  the  heart  so  completely  as  to  simulate  death.     When  in  this  condition,  the  pulse  was 

'not  perceptible  at  the  wrist  or  over  the  pnecordia,  a  mirror  held  before  the  month  was 

nut  tami^hof!,  and  he  was  to  all  appearwices  dead.    On  one  occasion^  in  the  presence  of 

»ver  !  gentlemen,  he  remained  in  this  condition  for  half  an  hour;  afterward 

be  fi.:  'f  respiration  and  circulation  becoming  gradually  reestablished*    This,  to 

say  the  k-  ry  remarkable  case,  but  it  is  credited  by  many  physiologists. 

Caitse  of  the  Bhythmieal  Contractimis  of  the  Heart 

The  phenomena  attending  the  action  of  the  heart  present  hw  ditHculties  in  their 

oaTisstigation,  compared  with  the  study  of  the  cause  of  the  regular  contractions  and 

stioQS^  which  commence  early  in  tcetal  development  to  terminate  only  with  Ufe. 

'  This  interesting  question  has  long  engaged  the  attention  of  physiologists  and  has  been 

the  subject  of  numerous  experiments  and  speculations.     It  would  be  idle  to  follow  the 

ions  theories  which  have  been  proposed  to  account  for  this  constant  action,  except  as 

%  salject  of  purely  historical  interest ;  for  many  of  them  are  based  upon  a  very  imperfect 

DOwtedge  of  the  phenomena  of  the  circulation.     At  the  present  day,  althoagh  we  are 

erhnpft  as  far  as  ever  from  a  knowledge  of  the  actual  cause  of  the  regular  movements, 

we  are  pretty  weU  acquainted  with  the  various  conditions  by  which  they  are  regulated 

^i&d  mollified.     We  know,  for  example,  how  to  induce  contraction  in  a  living  muscle  or 

Be  which  is  just  separated  from  the  organi**m  and  has  not  yet  lof't  what  wo  call  its  vital 

tiftertics,  but  we  must  confess  our  utter  ignorance  wlien  wo  ask  ourselves  why  it  acts 

I  response  to  a  stimulus.     The  advances  that  have  been  made  in  chemistry  and  micro- 

copieal  anatomy  do  not  disclose  I  he  so-called  vital  principle ;  and  when  we  come  to 

rinc  the  various  conditions  under  which  the  heart  will  continue  its  contractions,  we 

I  arresteil  by  the  impossibility  of  fathoming  the  mystery  of  the  cause  of  contracti(>n. 

^The  heart  is,  anatomically,  very  much  like  the  voluntary  muscles ;  but  it  has  a  constant 

function  to  perform  and  seems  to  act  without  any  palpable  excitation,  while  the  latter, 

rhich  have  an  occasional  function,  act  only  under  the  influence  of  a  natural  stimulus,  like 

be  nervous  force,  or  under  artificial  irritation.     The  movements  of  the  heart  are  not  the 

oly  examples  of  what  seems  to  be  spontaneous  action.    The  ciliated  epithelium  is  in  mo- 

from  the  beginning  to  the  end  of  life,  and  will  continue  for  a  certain  time,  even  after 

the  cells  are  detached  from  the  organism.     This  motion  cannot  be  explained,  unless  we 
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call  it  an  explanation  to  saj  that  it  is  dependent  on  vital  properties.  But  if  we  are  yet 
ignorant  of  the  actual  cause  of  the  rhythmical  contraction  of  the  heart,  we  are  pretty 
well  acquainted  with  the  influences  which  render  its  action  regular,  powerful,  and 
suflBcient  for  the  purposes  of  the  economy.  It  will  facilitate  our  comprehension  of  this, 
to  compare  the  action  of  the  heart  with  that  of  the  ordinary  voluntary  muscles. 

In  the  first  place,  every  one  knows  tliat  the  action  of  the  heart  is  involuntary.  We 
can  neither  arrest,  retard,  nor  accelerate  its  pulsations  by  a  direct  effort  of  the  will.  In 
this  statement,  we  of  course  except  those  examples  of  arrest  by  the  stoppage  of  respira- 
tion or  acceleration  by  violent  exercise,  etc.  In  this  respect  the  heart  differs  from  cer- 
tain muscles,  like  the  muscles  of  respiration,  which  act  involuntarily,  it  is  true,  but  the 
action  of  which  may  be  temporarily  arrested  or  accelerated  by  a  direct  voluntary  effort. 
The  last-mentioned  fact  gives  us  the  difference  between  the  heart  and  all  other  striated 
muscles.  All  of  them,  in  order  to  contract,  must  receive  a  stimulus,  either  natural  or 
artificial.  The  natural  stimulus  comes  from  the  nervous  centres  and  is  conducted  by  the 
nerves.  If  the  nerves  going  to  any  of  the  respiratory  muscles,  for  example,  be  divided, 
the  muscle  is  paralyzed  and  will  not  contract  without  some  kind  of  irritation.  Connec- 
tion with  the  nervous  system  does  not  seem  necessary  to  the  action  of  the  heart,  for 
it  will  contract,  especially  in  the  cold-blooded  animals,  some  time  after  its  removal  from 
the  body. 

When  a  muscle  has  been  removed  from  the  body  and  is  subjected  to  a  stimulus,  snch 
as  galvanism  or  mechanical  or  chemical  irritation,  it  is  thrown  into  contraction ;  but,  if 
carefully  protected  from  irritation,  it  will  remain  quiescent.  Contraction  in  this  instance 
is  evidently  produced  by  the  application  of  the  stimulus;  but  the  question -arises.  Why 
does  the  muscle  thus  respond  to  stimulation  ?  This  is  a  question  which  it  is  impossible  to 
answer  satisfactorily,  but  one  concerning  which  our  ideas,  siuce  the  time  of  Hallcr,  have 
assumed  a  definite  form.  This  great  physiologist  called  the  property  which  causes  the 
muscle  thus  to  contract,  irritability;  which  is  nothing  more  nor  less  than  an  unexplained 
property  inherent  in  the  muscle  and  continuing  so  long  as  it  retains  its  absolute  physical 
and  chemical  integrity.  More  than  a  hundred  years  ago,  Haller  described  certain  tissues 
of  the  body  as  possessing  this  "  irritability,"  such  as  the  muscles,  stomach,  bladder,  etc., 
and  the  different  degrees  of  irritability  with  which  each  one  was  endowed.  lie  ap- 
plied this  theory  to  the  action  of  the  heart,  which  he  considered  as  the  part  endowed 
with  irritability  to  the  highest  degree.  His  theory  of  the  action  of  the  heart  was  that  its 
rhythmical  contraction  de])ended  upon  the  irritability  inherent  in  its  muscular  fibres.  lie 
was  far  from  denying  the  various  influences  which  modified  this  action,  but  regarded  it.' 
actual  power  of  contraction  as  independent. 

Experiments  have  shown  that  the  heart  will  pulsate  for  a  time  when  removed  from 
all  connection  with  other  parts  of  the  organism.*  In  the  cold-blooded  animals,  in  which 
the  irritability  of  the  tissues  remains  for  some  time  after  death,  this  is  particularly  marked. 
It  is  not  the  blood  in  the  cavities  of  the  heart  which  causes  it  to  contract,  for  it  will 
pulsate  when  its  cavities  have  been  emptied.  It  is  not  the  contact  of  the  air,  for  the 
heart  will  pulsate  in  a  vacuum.  The  heart  does  not  receive  its  irritability  from  the 
nervous  system,  for,  when  removed  from  the  body,  it  has  no  connection  with  the  nervous 
system ;  and  it  is  not  probable  that  it  receives  any  influence  from  sympathetic  ganglia 
which  have  lately  been  discovered  in  its  substance,  for  detached  portions  of  the  heart 
will  pulsate,  and  tlie  contractions  of  the  organ  will  continue  in  animals  poisoned  with 
woorara,  which  is  known  to  paralyze  the  motor  system  of  nerves.* 

1  Numoruus  inBtancos  of  contractions  of  the  heart  in  cold-blooded  animals  continaing  for  a  very  long  time  after 
excision  are  on  record.  Dr.  Danglison,  in  his  work  on  Physiolopj'i  mentions  several  instances  In  which  the  heart  pul- 
sated for  from  ten  to  twenty-four  hours  after  removal  from  the  body.  The  most  remarkable  examples  of  this  pro- 
longed action  were  in  the  heart  of  the  sturgeon.  In  one  instance,  in  an  experiment  on  a  large  alligator,  wo  found  the 
heart  pulsaUng,  in  9itu,  twenty-eight  hours  afUr  the  animal  had  been  killed  by  the  injection  of  a  solution  of  woorara. 
The  heart  was  then  excised  and  continued  to  beat  during  a  long  series  of  experim<'nt8,  until  It  was  arrested  by 
powerftil  compression  with  the  hand  after  it  had  been  filled  with  water  and  the  vessels  tied. 

s  It  is  stated  by  Friedlander  that  no  portion  of  the  heart,  however  small,  will  contract  rhythmically  unless  it  con- 
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It  U  ttiui^^seMArf  to  refer  to  the  variotia  eiperimt'nta  wliioh  liavo  domonstrated  tbe 
EmUiMmiletice  af  tbe  contractions  of  tlie  heart.  They  htq  of  such  a  simple  nature  that 
liMj  mmj  be  vwrifii^d  hj  any  ooe  who  wU\  tiike  the  trouble  to  excise  the  heart  of  a  frog 
€r  turtle,  place  it  ander  a  small  heU-glass  90  that  it  will  not  be  Bul>ject  to  po±^iblo  irrlta* 
laott  from  currents  of  air,  and  watch  Ha  pnluutionB.  In  such  an  observation  as  ihh,  it  ia 
tfidgOt  that,  for  a  certain  time,  contractions,  more  or  less  regular^  will  take  place ;  and 
iJtue  experiments  referred  to  above  show  that  they  occar  without  any  external  intlu- 
cnce.  In  short,  it  ia  evident  that  tho  muscular  fibres  of  the  heart  possess  an  irritability^ 
by  firttie  of  which  they  will  coatract  intermittently  for  a  time,  although  no  stimulus  be 
Applied ;  aa  the  ordinary  striated  muscular  fibres*  liave  an  irritability,  by  virtue  of  which 
they  will  reapond,  for  a  time,  to  the  application  of  a  stimulus. 

It  ia  nianifestly  necessary  that  the  action  of  tho  heart  should  be  constant,  regular^  and 
|iair4»rful;  and  when  we  say  tliat  the  irritability  inherent  in  its  muscular  tissue  is  such 
that  it  IT  ill  contract  for  a  time  without  any  external  stimulu8|  we  by  no  nieund  assume 
that  thii  is  the  cause  of  its  physiological  action.  It  u  only  an  ImportaDt  and  incontestable 
property  of  tbe  muscular  fibres  of  the  heart,  and  its  regular  action  ia  dependent  upon 
Otlk#r  conditions. 

In  the  first  place,  we  have  to  inquire  what  makes  tbe  action  of  the  heart  regular* 
Th«  answer  to  this  is,  tliat  the  changes  of  nutrition,  by  which,  through  the  blood  circu- 
laling  in  its  substance,  tlie  waste  of  its  tissue  is  constantly  supplied,  preserve  the  integrity 
of  tbe  fibres,  and  keep  them,  eonsetiuently,  in  a  coDdition  to  contract.  This  it»  true, 
likawke,  of  the  ordinary  striated  muscular  fibres.  If  the  supply  of  blood  be  cut  off  from 
t  fce  of  the  hearts,  especially  in  the  warrn-blooded  animals,  the  or^an  soon  loses 

k-  .  iity.     This   was  admirably   shown  by  the  experiments  of  EHcbsen.      This 

C^Merrer,  after  exposing  the  heart  in  a  warm-blo<>ded  animal  and  keeping  up  artificial 
rvipiralion,  ligated  tbe  coronarj  arteries,  thus  cutting  off  the  greatest  part  of  the  su]>ply 
of  UUrod  to  the  muscular  fibres.  lie  found,  as  the  mean  of  six  experiments,  that  tbe  heart 
,  pnUating,  although  artificial  respiration  waa  continued,  in  23|^  minutes.  After  tbe 
as  had  ceased,  they  could  be  restored  by  removing  the  ligatures  and  allowing  llie 
,  to  cireuiate  again  in  the  substance  of  the  heart. 

In  the  second  place,  the  regular  and  powerfnl  contractions  of  the  heart  are  provided 
fur  by  the  circulation  of  the  blood  through  its  cavities.  Although  the  heart,  removed 
f^om  the  body,  will  contract  for  a  time  without  a  stimulus,  it  can  be  made  to  contract 
during  the  intervals  of  repose  by  an  irritant,  such  as  the  point  of  a  needle  or  .a  feeble 
current  of  galvanism.  For  a  certain  time  after  the  heart  has  ceased  to  contract  siionta- 
a«<>usly,  contractions  may  be  induced  in  this  way.  This  can  easily  be  demonstrated  iu 
b«  heart  of  any  animal,  warm-blo<jded  or  cold-blooded.     This  irritability,  which  is 

Qifested,  under  Iheee  circumstances,  in  precisely  tbe  same  way  as  in  ordinary  muscles, 
is  dlfierent  in  degree  in  different  parts  of  the  organ.  Haller  and  others  have  shown  that 
it  is  greater  in  the  cavities  than  on  the  surface  ;  for,  long  after  irritation  applied  to  the 
exterior  fuil^  to  excite  contraction,  the  organ  wnll  respond  to  a  stimulus  applied  to  ita 
interior  The  experiments  of  Haller  also  show  that  fluids  in  the  cavities  of  the  heart 
havo  fl  remarkable  infiuence  in  exciting  and  keeping  up  its  contraetions.  This  obserra* 
'?  of  much  interest,  as  showing  conclnsively  that  tho  presence  of  blood  is  necessary 
natural  and  regular  action  of  the  heart.  We  quote  one  of  the  ex|>eriments  on  this 
p«jint  performed  upon  a  cat : 

....   The  superior  vena  cava  having  been  divided,  and  the  inferior  ligated, 
fje  pulmonary  artery  oponed,  and  the  right  ventricle  emptie^d  by  a  sufficient  com- 
sioD,  and  tho  aort^  ligated^  all  with  promptitude,  I  saw  the  right  auricle  repose 
ftm,  tiS«  right  ventricle  continued  to  beat  for  some  time  in  unison  with  the  left  ventri- 

gjhi :  t»c!t  tli<»  pwjint  c«nnot  b«  rc^vd«A  na  fleftaKlrelf  witlml  koA  In  Moeedlmrlf  difficult  to  dtftermliie.    Tbe 
I  Mrnyiu  fto  J  masciiki-  IrHuibflity  «r«  enttnly  dfKtiDcl  finooi  Meb  iitlwr  te  ft  Strang  Argameiit  In  kTor  of  tho 
at  IrriUbUJl/  of  tbft  mittculftr  Usaue  »f  ni«  beirt 


J 


58 


CIRCrLATION   OF  THE   BLOOD. 


cle,  and  ita  walk  descended  toward  the  middle  line  of  the  heart :  but  this  ventricle  did 
not  ddjty  to  lose  its  movement  the  first.     As  for  the  other  ventricle,  which  could  noJ 
longer  emptj  itnelf  into  the  aorta,  it  waB  6Ued  with  blood  and  its  movement  continued^ 
for  four  hours,  ,  ,  ,'^ 

This  experimt>nt  waa  confiroied  by  numerous  others.    It  will  be  observed  that  one 
eido  of  the  heart  was  made  to  cease  its  pulsations,  while  the  other  aide  continued  to  con- 
tract^ by  simply  removing  the  blood  from  its  interior;  which  conclasively  proves  that,| 
although  the  heart  may  act  for  a  time  independently,  the  presence  of  blood  in  its  cavitie» 
is  a  stimulns  capable  of  proIong:ing  its  regular  pulsations.    Schiff  has  gone  still  farthern 
and  has  sneoeeded  in  restoring  the  pulsations  In  the  heart  of  a  frog,  which  had  coase4| 
after  it  had  been  emptied^  by  introducing  a  few  drops  of  blood  into  the  auricle.     Quri 
own  experiments  upon  the  hearts  of  alligators  and  turtles  show  that,  when  removed 
from  the  body  and  emptied  of  blood,  tb©  jiulsations  are  feeble,  rapid,  and  irregular ;  but 
tlrnt  wJien  tilled  with  blood,  the  valves  being  destroyed  so  as  to  allow  free  passage  ia. 
both  directions  between  the  auricles  and  ventricle,  the  contractions  become  powerful  and  J 
regular.     In  these  experiments,  when  water  was  introduced  instead  of  blood,  the  pulsa- 
tions became  raor^  regular,  but  were  more  frequent  and  not  so  powerful  as  when  bloodi 
was  nsed.     These  experiments  show  also  that  the  action  of  the  heart  may  be  affected  by  * 
the  character,  particularly  the  density,  of  the  tluid  which  passes  through  it,  which  may 
explain  its  rapid  and  feeble  action  in  aiiR?mia. 

It  seems  well  establislied  that  the  heart,  although  capable  of  independent  action,  is  ex- 
cited to  contraction  by  the  blood  as  it  passes  through  its  cavities.     A  glance  at  the  suc- 
cession of  its  movements,  particularly  in  cold-blooded  animals,  in  which  they  are  so  slow 
that  the  phenomena  can  be  easily  observed,  will  show  how  tliese  contractions  are  in- 
duced.    If  wo  look  at  the  organ  as  it  is  in  action^  we  see  first  a  distention  of  the  auri-  • 
cle,  and  this  is  immediately  followed  by  a  contraction  iilHng  the  ventricle,  which  in  its] 
turn  contracts.     Undoubtedly,  the  tension  of  the  fibres,  as  well  as  the  contact  of  blood 
in  its  interior,  acts  as  a  stimulus ;  and,  as  all  the  fibres  of  each  cavity  are  put  on  the 
stretch  at  the  same   instant,  they  contract  siniultaneously.      The  necessary,  regular 
distention  of  each  cavity  thus  produces  rhythmical  and  forcible  contractions;  and  thej 
mere  fact  that  the  action  of  the  heart  alternately  emf>ties  and  dilates  its  cavities  in-J 
anres  regular  puLsatloDs,  so  long  as  blood  is  supplied  and  no  disturbing  inllucnces  are  in] 
operation, 

Tfio  muscular  fibres  of  t!»e  heart  seem  to  be  endowed  with  an  inherent  property, 
called  irritability,  by  virtue  of  which  they  will  contract  for  a  certain  time  without  the 
ft[)plication  of  a  stimulus.     Irritability,  manifested  in  this  way,  continues  so  long  as,  by  i 
the  proceases  of  nutrition,  the  fibre?  are  maintained  in  their  integrity.    The  muscular  j 
tissue,  however,  may  be  thrown  into  contraction,  during  the  intervals  of  repose,  by  the  i 
application  of  a  stimulus,  a  property  w^hich  is  observed  in  all  muscular  fibres.     The  irri- 
tability manifested  in  this  way  is  much  more  marked  in  the  interior  than  on  the  exterior  j 
of  the  organ.     Blood  in  contact  with  the  lining  membrane  of  the  heart  acts  as  a  stimu'^  j 
lus  in  a  remarkable  degree  and  is  even  capable  of  restoring  irritability  afker  it  has  be- 
come ext  in  ct^     The  passage  of  blood  through  the  heart  is  the  natural  stimulus  of  the  j 
organ  Hud  may  be  said  to  be  the  cause  of  ita  regular  pulsations,  although  it  by  no  means  j 
endows  the  fibres  with  their  contractile  properties. 


Influence  of  the  Nervous  System  on  the  Heart, 

The  movements  of  the  heart,  as  we  have  seen,  are  not  directly  under  the  control  of' 
the  will ;  and  observations  on  the  human  subject,  ns  well  «w  on  living  animals,  have  j 
shown  tliat  the  organ  is  devoid  of  general  sensibility*  The  latter  fact  was  demonstrated  ( 
in  the  most  satisfactory  manner  by  Harvey,  in  the  case  of  the  Viscount  MontgvM^y.  \ 
in  this  case,  the  heart  was  exposed,  and  Ilarvey  found  that  it  could  be  toucht*#l  and  | 
handled  without  even  the  knowledge  of  the  anbject.    This  ha.-*  been  vcrilied  in  other  ir,- 
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I  in  the  humau  sabject.  Its  physiological  movements  are  ciipablo  of  being  influ- 
tonMd  in  a  remarkable  degree  throagb  the  nervous  system,  notwithstoDding  this  insensi- 
Willy  and  in  epite  of  the  fact  that  the  muscular  fibres  composing  it  are  capable  of  con- 
iTAction  when  removed  from  all  connection  with  the  bi>dy  and  that  the  regular  pnlsa- 
tioit9  can  be  kept  up  for  a  long  time  by  the  mere  passage  of  blood  through  its  cavities. 
The  infinence  thus  exerteil  ie  so  great^  tliat  some  eminent  authorities  have  held  the  opio* 
ion  that  the  canse  of  the  irritability  of  the  organ  was  derived  from  the  nerves.  One  of  tlie 
mottt  distingnished  advocates  of  this  opinitm  was  Legalloia.  This  observer  arrested  the 
ietioo  of  the  heart  of  the  rabbit  by  suddenly  destroying  the  spinal  cord,  from  which  he 
drew  the  conclosion  that  the  heart  derived  its  contractile  power  from  the  cerebro-spinal 
fv^tem.  The  experiments  which  we  have  already  cited,  showing  the  continuance  of  the 
iieart'a  action  after  excision,  disprove  this  so  completely,  that  it  was  not  thovight  worth 
rhile  to  discuss  this  view  while  treating  of  the  cause  of  its  rhythmical  contractions. 
The  same  may  be  said  with  regard  to  the  experiments  of  Brachet,  in  which  he  endoav* 
ored  to  prove  that  the  contractility  of  the  heart  is  derive*!  from  the  cardiac  pleiug  of  the 
opathetic  system  of  nerves.  The  fact  that  tlio  heart  does  not  depend  for  its  contrac- 
ility  upon  external  nervous  influence  may  be  regarded  as  long  since  definitely  settled  ; 
bat  within  a  few  years  the  discovery  in  its  substance  of  ganglia  belougiog  to  the  sympa- 
:  system  has  revived,  to  some  extent,  the  view  that  its  irritability  is  derived  from 
It  is  not  necessary  to  follow  out  all  the  expieriments  which  combine  to  demonstrate 
incorrectness  of  this  view.  Bernard,  by  a  series  of  admirably-conceived  experi- 
I  npon  the  effects  of  the  woorara  poison,  has  succeeded  in  demoostTating  the  dis- 
Hoetton  between  mnscnlar  and  nervous  irritability.  In  an  animal  killed  with  thh  re- 
markable poison,  the  functions  of  t!]e  motor  nerves  are  entirely  abolished,  bo  that  gal- 
vanization or  other  irritation  does  not  produce  tlie  slightest  effect ;  yet  the  raudclcs  re- 
pti.ln  their  irritability,  and,  if  artificial  respiration  bo  kept  up,  the  circulation  will  con- 
ttue  for  a  long  time.  The  hearty  by  this  means,  seems  to  be  isolated  from  the  nervous 
fstem  as  completely  as  if  it  were  excised ;  and  galvanization  of  the  pneumogastric 
erves  in  the  neck,  which,  in  a  living  animal,  will  iraraedLitoly  arrest  its  action,  has  no 
On  the  other  hand.,  poisoning  by  the  sulphocyanide  of  potassium  destroys  the 
alar  irritability  and  leaves  the  nerves  intact.  By  these  experiments,  which  we 
have  frequently  repeated,  we  can  completely  separate  the  nervous  from  the  mnscnlar 
irritability  and  show  their  entire  iodependence  of  each  other;  and  there  is  every  rea- 
mn  to  snppose  that  the  hearty  like  the  other  muscles,  does  not  derive  its  contractility 
from  any  other  system.  It  is  evident,  however^  that  tlie  heart  is  often  powerfully  influ- 
enced through  the  nerves*  Sudden  and  vifilent  emotions  will  occasionally  arrest  its  ae- 
on and  have  been  known  to  produce  death,  Pal|Mtations  are  to  be  aeoonnt^^d  for  in 
be  same  w^y,  Some  of  the  modifications  which  we  have  already  considered,  depending 
t  e?t  n,  etc.,  are  effected  through  the  nerves;  and  it  is  through  this  system 

hat  T  all  the  important  organs  of  the  body  are  matle  to  a  certain  extent 

BiQtaally  dcpi^ndent.     It  becomes  interesting  and  highly  important^  then,  to  study  their 
loenoei  and  follow  out,  as  clearly  as  possible,  the  action  of  the  nerves  which  are  dis- 

;  to  th^  heart. 
T!  leal  connections  of  the  heart  with  the  nervous  centres  are  mainly  tlirough 

the  :-:  Ic  and  the  pneumogastric  nerves.    We  can  study  the  inliiience  of  these 

erve*  to  niu?>t  advantage  in  two  ways;  first,  by  dividitjg  them  and  watching  the  effect 
'  depriving  the  heart  of  their  influence,  and  second,  by  exciting  them  by  means  of  a 
>  eurreat  of  galvanism.  It  is  well  known  that  in  an  animal  just  killed  tlie  *^  nervous 
i^  may  be  closely  imitated  by  galvanism,  which  is  better  than  any  other  means  of 
sttmoLitiDD,  as  it  does  not  affect  the  integrity  of  the  nerves  and  the  amount  of  the  irrita- 
liaii  niAj  be  easily  r^nlated.^ 

_     *Wm  iluill  not  ilieaw  the  effects  apon  tbo  bwri  of  saddtiti  dettntetkni  of  tbe  grewX  nerroog  eenti«».    It  hit  Ua. 
1  Ibti  tttf  heart  t«c9Di«s  sncftod  wbua  tbc  brilo  (i  finiftb«d,  «»  by  n  blow  with  a  hAoimcr,  wb«&  tbe  mcdtiLk 
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Experiments  on  the  influence  of  the  ajinpathetic  nerres  upon  the  heart  are  not  quite 
90  satisfactory  as  we  might  desire.  It  has  been  assertc^d  that  the  action  of  the  heart  m 
iramedintely  arrested  by  deBtroying  the  cardiac  plexus.  With  regard  to  this,  we  must 
take  intt>  account  the  difficulty  of  making  the  operation  and  the  disturbance  of  the  heart 
consequent  upon  the  necessary  manipulations.  It  has  been  shown  pretty  conclusively, 
however,  that  stiiuulation  of  the  sympathetic  in  the  neck  has  the  effect  of  accelerating  tlie 
pulsations  of  the  heart.  The  extreme  difficulty  of  dividing  all  the  branches  of  the  sympa- 
thetic going  to  the  organ  leases  a  doubt  as  to  whether  such  an  operation  would  detinitely 
abridge  its  action. 

We  have  next  to  consider  the  influence  of  the  pneumogaatrics  upon  the  heart.  Ex* 
porimeuta  on  these  nerves  are  made  with  greater  facility  than  on  the  nerves  of  the  sym-  ■ 
pathetic  system,  and  the  results  are  much  more  aatisfaotory.  Like  all  the  cerebro-spinal  ™ 
nerves,  the  influence  generated  in  the  nervous  centre  from  which  they  take  tlieir  origin  is 
conducted  along  the  nerve  and  manifested  at  its  diistribution.  When  they  are  divided, 
we  may  be  sure  that,  as  far  as  they  are  concerned,  all  the  organs  which  they  supply  are 
cut  otr  from  nervous  influence;  and,  when  galvanized  in  their  course,  we  imitate  or  ex- 
aggerate the  influence  sent  from  the  nervous  centre. 

T!ie  invariable  eftect  on  the  heart  of  division  of  the  pneumogastric  nerves  in  tlie  nock 
is  an  increase  in  the  frequency  and  a  diminution  in  the  tWce  of  its  pulsatious*  One  or  two 
writers  have  denied  this  fact,  but  it  is  confirmed  by  the  testimony  of  nearly  all  experi- 
menters. To  anticipate  a  little  in  the  history  of  the  pneumogastric  nerves^  it  may  bo 
stated  that,  while  they  are  exclusively  sensitive  at  their  origin,  they  receive,  after  having 
©merged  Irom  the  cranial  cavity,  a  number  of  filaments  from  various  motor  nerves. 
That  they  influence  certain  muscles,  is  &Lown  by  tlio  paraly^iis  of  these  muscles  after  divi- 
sion of  the  nerves  in  the  neck,  as,  for  example,  the  arrest  of  the  movements  of  the  glottis. 
Having  this  double  property  of  motion  and  sensation,  and  being  distributed  in  part  to 
an  organ  composed  almost  exclusively  of  ranacular  fibres,  winch,  as  wo  have  seen,  is  not 
endowed  with  general  sensibility,  we  should  expect  that  their  section  would  arrest,  or  at 
least  diminish,  the  frequency  of  the  heart's  action.  What  explanation,  then,  can  we  oiler 
for  the  fact  that  this  seems  actually  to  excite  the  movements  of  the  heart?  W©  shall  bo 
l^etter  prepared  to  answer  this  quet^tion  after  we  have  studied  the  effects  of  galvanization 
uf  the  nerves  in  a  living  animal  or  in  one  in  which  the  action  of  the  heart  is  kept  up  by 
artificial  respiration. 

Numerous  experiments  have  been  made  with  reference  to  the  efifoets  on  the  heart  of 
galvanic  currents,  both  feeble  and  powerful,  passed  through  the  pneumogaslrics  before 
division,  of  currents  passed  through  the  uj>iier  and  lower  extremities  after  division,  etc., 
a  full  detail  of  which  belongs  properly  to  the  physiological  history  of  the  nervous  system. 
In  this  connection,  a  few  of  these  facts  only  need  lie  stated. 

It  has  been  shown  by  repeated  experiments,  which  we  have  frequently  confirmed,  that 
a  moderately -powerful  interrupted  galvanic  current  passed  throujirh  both  pneumogastrics 
will  arrest  the  action  of  the  heart,  and  that  the  organ  remains  quiescent  so  long  as  the 
ourrent  is  continued.  This  experiment  lias  been  performed  upon  living  animals,  both 
with  and  without  exposure  of  the  heart.  The  arrest  is  not  due  to  violent  and  continued 
contraction  of  the  muscular  fibres;  on  the  contrary,  the  heart  is  relaxed,  its  ventricles 
are  flaccid,  and  its  fibres  are  for  the  time  paralyzed.  The  question  then  arises  whether 
this  action  be  exerted  directly  on  the  heart  through  the  nerves,  or  whether  an  influenct 
be  conveyed  to  the  nervous  centre  and  transmitted  to  the  heart  in  another  way.  Thit? 
is  settled  by  the  experiment  of  dividing  the  nerves  mid  galvanizing  alternately  the  ex- 
tremities connected  with  tlie  heart  and  those  connected  with  the  nervous  centres.     It  has? 

dblongBlft  or  the  b^xoA  omS  U  auddcuty  ileiLroyed,  and  er«n  tbtf  crush  Ixif  of  ft  fbot.  Id  tho  frog^  has  been  known  to 
produrt  ibis  tfttvl,  In  (liic,  thU  may  \to  dunu  by  nay  GxteoBlro  tnjury  to  the  ncn'oiu  syatom ;  tmt  tbSA  hat  dooft  Dot 
timth  iin  nttich  wjlh  tv?ar6  to  the  i>tiyskitoj?^leftl  tnfluencefl  of  tho  &orre«.  For  ejuimple,  whito  enuhiog  of  tho  bniiii 
•rretts  the  hvhri,  tbebmlD  nuiy  bo  remoTcd  from  a  hriag  uiimil  and  Ibo  hc^rt  ^ifl  beat  for  days,  Ex|MsHm«'i)U 
upim  tiM  tiUiiMMiQO  of  Ibe  moduila  obkingata  and  spliial  cord  u*  by  ao  atunt  Mtisfkotory. 
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hma  MoerlAiDed  that  galvatiizatian  of  tbe  extremities  oonnected  with  the  heart  arrests 
iliidioOf  while  galvanization  of  the  central  extremities  has  no  sncli  effect.  Another 
tiliresting  fact  also  shows  that  the  influence  exerted  upon  the  heart  is  through  the  motor 
ffiimeiitA  of  the  pneamogastric^s.  It  has  heen  demonstrated  hj  Bernard^  in  a  very  curiou!> 
I  of  experiments  wldch  vve  shall  not  fulij  discnss  in  this  connection,  that  the  woorara 
■  parajyies  only  the  motor  nerves,  leaving  the  sensory  nerves  intact.  If  we  expose 
the  beftrt  ajid  the  pneumogaatric  nerves  in  a  warm-hlooded  animal  poisoned  with  this  agent, 
and  continne  the  pulsations  hy  keeping  up  artificial  respiration,  we  find  that  the  most 
powerful  current  of  galvanism  paased  through  the  pnenmogastrics  has  no  effect  upon  the 
faearU 

When  we  come  to  the  study  of  the  nervous  system,  we  shall  see  that  tlie  inhibitory 
aon  of  the  pneumogastrics  upon  the  heart  is  derived  from  t!ie  spinal  accessory  nerves, 
\hc%  which  haa  been  proven  beyond  question  by  a  very  ingenious  series  of  experimcnta, 
rbich  will  be  fttUy  described  hereafter. 

Although  galvanization  of  the  pneumogQstrics  arrests  the  action  of  the  heart  in  nearly 
Xs,  there  are  some  in  which  this  does  not  take  place,  as  in  birds ;  a  fact  which  is 
,  by  Bernard,  but  for  which  he  offers  no  explanntion.  In  some  experiments  insti- 
I  on  ibis  subject  a  few  years  ago  on  alligators,  we  noticed  a  singular  peculiarity  which 
i  •ome  light  on  the  question  we  are  now  considering.  Desiring  to  demonstrate  to 
\  at  the  New  Orleans  School  of  Medicine  the  action  of  the  heart  in  this  nnimal, 
I  alligator  six  feet  in  length  was  poisoned  with  woorara  and  the  heart  exposed.  The 
I  came  under  the  influence  of  the  poison  in  about  thirty  minutes,  when  the  dissec- 
tkm  was  commenced,  and  was  quite  dead  when  the  heart  was  exposed.  The  pneumogas- 
tries  were  then  exposed  and  galvanized,  with  the  effect  of  promptly  arresting  the  action 
of  the  heart  This  observation  was  verified  in  another  experimeut.  We  were  at  first  at  a 
less  to  account  for  the  absence  of  effect  of  the  woorara  on  the  motor  filaments  of  Iho 
[•nemnogastric  nerves;  but  on  reflection  we  thought  it  might  be  duo  to  slow  absorption  of 
the  poison  in  so  large  a  cold-blocnled  Bnimnl.  With  n  view  of  ascertaining  whether  there 
be  any  difference  in  the  xiromptness  with  which  different  nerves  in  the  body  are  affected 
hy  this  agent,  we  made  the  following  experiment  upon  a  dog :  The  animal  was  brought 
under  the  inflQence  of  ether,  and  the  heart,  the  pneumogastrics,  and  the  sciatic  nerve 
were  exposed.  Galvanization  of  the  sciatic  prodncod  mnsciilsir  contraction,  and  stimula- 
tiofi  of  the  pneumogastrics  arrested  the  heart  promptly.  A  grain  of  woorara,  dissolved  in 
watcr^  WAS  then  injected  under  the  akin  of  the  thigh.  One  hour  after  the  injection  of 
tbfi  woorara,  the  sciatic  was  found  insensiible  to  gnlvanfsni,  but  the  heart  could  be  ar- 
retted by  galvanization  of  tlie  pneuraogastrica,  although  it  rcfpiirud  a  jvowcrfnl  current. 
A  weaker  current  diminished  the  frequency  and  increased  tlie  force  of  its  pulsations. 
In  this  experiment,  the  operation  of  opening  the  chest  nndonbtetlly  diminished  the  ac- 
tiTTty  of  absorption  of  the  poison  and  con^qttently  retarded  it«  effects  upon  the  nervous 
iystem.  Taken  in  connection  with  the  observations  on  alligators,  it  shows  that  tlie  motor 
^  are  not  all  affected  at  the  same  time,  and  that  the  pneumogastrica  resiut  the  action 
peculiar  poison  after  the  motor  nerves  generally  are  paralyzed. 
Oor  knowledge  of  the  inherent  properties  of  the  muscular  fibres  of  the  heart  and  of 
^  efl^ts  of  the  paasAge  of  blood  throuirh  its  cavities,  which  together  are  competent  to 
up  for  a  time  regular  pnlsations  without  the  Intervention  of  the  nervous  system, 
ken  in  connection  witli  the  facts  just  stated  concerning  the  influence  of  section  or  gal- 
ranization  of  the  poouraogastric  nerves,  enables  us  to  comprehend  pretty  well  the  influ- 
ence of  these  nerves  on  the  heart  They  undoubtedly  perform  the  important  function 
id  regulating  the  force  and  frequency  of  its  pulsations.  Hardly  any  reflection  is  necessary 
prince  ns  of  the  importance  of  such  a  function,  and  how  it  must  of  necessity  be 
plisbed  through  the  pneumogastrics.  It  is  important,  of  conrse,  that  the  heart 
should  act  at  all  times  with  nearly  the  same  force  and  frequency.  We  have  seen  that 
the  iiib«r©ut  properties  of  its  fibres  are  competent  to  make  it  contract,  and  the  necessary 
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intermittent  dilatation  of  it«  caFities  makes  these  contractions  assume  a  certain  reguUu^ 
it  J  ;  but  the  qaantit  j  and  density  of  the  bluod  are  subject  to  very  considerable  variationa 
within  the  limits  of  health,  which,  without  some  regulating  inflnence,  would  tindonbtedly 
canse  yariationa  in  the  hearths  action,  so  considerable  as  to  be  injurionB.    Ttjis  is  shown 
by  the  comparatively-inefficient  and  palpitating  action  of  the  heart  when  the  pneumogaa- 
tries  are  divided*    These  nervea  convey  to  the  heart  a  constant  inlluence,  which  we  may 
compare  to  the  insensible  tonicity  imparted  to  volnntary  muscles  by  the  general  motor* 
system.    For  we  know  tliat  when  a  set  of  muscles  on  one  side  is  paralyzed,  as  in  facial^ 
palsy,  their  tonicity  is  lost,  they  become  flaccid,  and  the  muscles  on  the  other  side,  with- 
out any  effort  of  the  will,  distort  the  features.    We  can  imitate  an  exaggeration  of  thisij 
force  by  a  feeble  current  of  galvanism,  which  renders  the  pulsations  of  the  heart  less 
frequent  and  more  powerful,  or  exaggerate  it  still  more  by  a  more  powerful  current,  ^ 
which  arrests  the  action  of  the  heart  altogether.    Phenomena  are  not  wanting  in  the^ 
human  subject  to  verify  these  views.     Causes  which  operate  through  the  ncnroua  sy&-  j 
tern  frequently  produce  palpitation  and  irregular  action  of  the  heart.     Caaes  are  not 
uncommon  in  which  palpitation  habitually  occurs  after  a  full  meah    There  are  instancea  -j 
on  record  of  immediate  death  from  arrest  of  the  heart's  action  as  a  consequence  of 
fright^  anger,  grief,  or  other  severe  mental  emotions.     Syncope  from  these  causes  is  by 
no  means  uncommon.     In  the  latter  instance,  when  the  heart  resumes  its  functions, 
the  nervous  shock  carried  along  the  pneumogastrics  is  only  sufficient  to  arrest  its  action 
temporarily.     TVhcn  death  takes  place,  the  shock  is  so  great  that  the  heart  never 
recovers  from  its  cQccts. 


Summary  of  certain  Causes  of  Arrest  of  the  Action  of  the  Hearts 

In  warm-blooded  animals,  the  heart's  action  speedily  ceases  after  it  is  deprived  ot 
its  natural  stimulus,  the  blood.  It  is  not  from  experiments  on  the  inferior  animals 
aJone  that  wc  derive  proof  of  this  fact.  It  is  well  known  that,  in  profuse  hemorrhage 
in  the  human  subject,  the  contractions  of  the  heart  arc  progressively  enfeebled,  and, 
when  the  loss  of  blood  has  proceeded  to  a  certain  extent,  are  permanently  arrested. 
Cases  of  transfusion  after  hannorrhage  show  that  when  blood  is  introduced  the  heart 
may  be  made  to  resume  its  pulsations.  The  same  result  takes  place  in  death  by  asthe- 
nia ;  and  cases  arc  on  record  in  which  life  has  been  prolonged,  as  in  hiemorrbage,  by  trana- 
fiision  of  even  a  small  quantity  of  healthy  blood.  These  facta  have  been  demonstrated 
on  the  inferior  animals  by  experiments  already  cited,  The  experiment  of  Haller,  in 
which  the  action  of  the  right  side  of  the  heart  of  a  cat  was  arrested  by  emptying  it  of 
blood,  while  the  left,  side,  which  was  filled  with  blood,  continued  to  pulsate,  showed 
that  the  absence  of  blood  in  its  cavities  is  competent  of  itself  to  arrest  the  heart.  The 
experiments  of  Erichsen,  who  paralyzed  the  heart  by  ligating  the  coronary  arteries,  and 
of  Schiff,  who  produced  a  local  paralysis  by  ligating  the  vessel  going  to  the  riglit 
ventricle,  show  that  the  heart  may  also  be  arrested  by  cutting  off  the  circulation  of 
blood  in  its  substance.  Doth  of  these  causes  must  operate  in  arrest  of  the  heiirl-s 
action  in  htemorrhage. 

Tlic  mechanical  causes  of  arrest  of  the  heart's  action  are  of  considerable  pathologi- 
cal importance.  The  heart,  in  common  with  other  muscles,  may  be  paralyzed  by  me- 
chanical  injury.  A  violent  blow  upon  the  deltoid  paralyzes  the  arm ;  a  severe  strain 
will  paralyze  the  muscles  of  an  extremity;  and,  in  the  same  way,  excessive  distention 
of  the  cavities  of  the  heart  will  arrest  its  pulsations.  This  is  shown  by  arrest  of  the 
circulation  in  asphyxia.  We  have  already  seen  that,  under  these  circumstances,  the  heart 
is  incapable  of  forcing  the  una&rated  blood  through  the  systemic  capillaries.  The  heart 
finally  iKjcomes  enormously  strained  and  distended  and  is  consequently  paralyzed.  The 
same  result  follows  the  applic»tlon  of  a  ligature  to  the  aorta.  This  eiiect  may  be  pro- 
duct«l,  also,  in  the  cold-bloodied  animals,  in  which,  if  the  heart  be  left  undisturbed,  the 
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I  will  continue  for  a  long  time.    The  following  cxperimont  illaatrating  Hub 
pi^im  was  performed  upon  the  heart  of  an  alligator  six  feet  in  length: 

The  animal  was  poisoned  with  woorara,  and  twenty-eight  hours  after  death  the 
heart,  which  had  been  exj^oscd  and  left  in  iUu,  was  pulsating  regularly.  It  was  then 
rcmored  from  the  body,  and,  after  some  experiments  on  the  comparatiye  force^  etc.^  of 
the  pulsations  when  empty  and  when  tilled  with  blood,  was  tilled  with  water^  the 
falTee  bafiag  been  destroyed  so  aa  to  allow  free  passage  of  the  fluid  through  the  cavi. 
tifs^  ftnd  the  Tessels  ligated.  The  ventriclea,  Btill  filled  with  water  contined  in  their 
ctiTity,  were  then  firmly  compressed  with  the  hand,  so  as  to  subject  the  muscular  fibres 
to  powerful  compreasion.  From  that  time,  the  heart  entirely  ceased  its  contractions 
asd  becune  hard  like  a  muscle  in  a  state  of  cadaveric  rigidity.  This  experiment  shows 
completely  and  promptly  the  heart,  even  of  a  cold-blooded  animid,  may  be  ar- 
!  in  itfl  action  by  mechanical  injury. 
Owes  of  death  from  distention  of  the  heart  arc  not  infrequent  in  practice.  It  is  well 
atftblished  that  the  form  of  organic  disease  which  most  frequently  leads  to  sudJen 
ttth  h  that  in  which  the  heart  is  liable  to  great  distention.  We  refer  to  disease  at  the 
tic  orifice.  In  other  lesions  there  is  not  this  tendency  ;  but,  when  the  aoitic  orifice 
leootracted  or  the  yalves  are  insufficient,  any  great  disturbance  of  the  circulation  mil 
'  the  heart  to  become  engorgetl,  which  is  liable  to  produce  a  fatal  result. 
Most  persons  are  practically  familiar  with  the  distressing  sense  of  sufibcation  which 
|iiently  follows  a  blow  upon  the  epigastrium  ;  and  a  few  cases  are  on  record  of  in- 
aeous  death  fallowing  a  cuinparatively  slight  concussion  in  this  region.  We  had  an 
flpportnnity.  in  the  winter  of  1854-5,  of  witnessing  an  autopsy  in  a  case  of  this  kind.  A 
joong  mulatto  man,  employed  as  a  waiter  at  the  Louisville  Hotel,  received  a  blow  in  the 
epigiatrinm  while  frolicking,  which  produced  instantaneous  death.  On  post-mortem  er- 
■mination^  no  lesion  was  tliscovered.  Although  these  cases  are  rare,  they  are  well  recog- 
nised, and  the  effects  are  generally  attributed  to  injury  of  the  solar  plexus.  The  dis- 
tros  ifl  preciflely  what  would  occur  from  sudden  arrest  of  the  heart's  actiou ;  for  it  is 
the  blood  charged  with  oxygen  and  sent  by  the  heart  to  the  system,  which  supplies  the 
wantJ  of  the  tiflStieA,  and  not  the  shnplc  entrance  of  air  into  the  lungs;  and  arrest  of 
the  circnliition  of  arterial  blood,  from  any  cause,  produces  suffocation  os  coujpletely 
I  though  the  trachea  were  ligated.  This  fact  we  have  clearly  proven  by  experiments* 
t  is  &  question  whether  the  arrest  of  the  heart,  if  this  be  the  pathological  condition,  be 
doe  to  csoncussion  of  the  nervous  centre  or  to  the  direct  effects  of  the  blow  upon  the 
organ  itself.  Our  present  data  do  not  enable  us  to  answer  this  question  definitely,  but 
they  rather  incline  us  to  the  opinion  that  in  such  accidents  the  symptoms  are  due  to 
direct  injury  of  the  heart.  An  additional  ar;Erument  in  favor  of  this  view  is  founded  on 
our  knowledge  of  the  motle  of  operation  of  the  sympathetic  system.  The  effects  of 
"  aalation  or  irritation  of  this  system  are  not  instantaneously  manifested,  as  is  the  case 
I  the  cercbro-flpinal  system,  but  are  deveUiped  slowly  and  gmdually. 
As  far  1^  we  have  been  able  to  learn  by  experiment,  the  nervous  influences  which 
St  the  action  of  the  heart  operate  through  the  pneumogastrics  and  are  derived  from 
tlie  spinal  accessory  nerves.  As  we  have  just  seen,  we  can  closely  imitate  this  action  by 
llTaiiism.  The  causes  of  arrest  in  this  way  are  numerous*  Among  them  may  be  men- 
,  radden  and  severe  bodily  pain  and  severe  mental  emotions.  With  tlie  exception 
rmrcst  of  the  heart  from  loss  of  blood  and  from  distention,  from  whatever  cause  it 
iy  occur,  stoppage  of  the  heart  takes  place  from  influences  operating  through  the 
[>as  system.  It  may  be  temporary,  as  iu  syncope,  or  it  may  be  permanent;  and  ex- 
apto  of  the  latter,  though  rare^  are  sufficiently  well  authenticated. 
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CIRCULATION  OF  THE  BLOOD  IN  THE  VESSELS. 

Physiological  anatomy  of  the  arteriea— Coarse  of  blood  in  the  arteries— Locomotion  of  the  arteries  and  prodnetioii 
of  the  pulse— Pressure  of  blood  in  the  arteries— Pressure  in  different  parts  of  the  arterial  system— Depressor 
nerve— Inllueoce  of  respiration  on  the  arterial  pressure— Sapidity  of  the  current  of  blood  in  the  arteries— BapU- 
ity  in  different  parts  of  the  arterial  system— Circulation  of  the  blood  in  the  capillaries— Physiological  anatomy 
of  the  capillaries— Capacity  of  the  capillary  system— Course  of  blood  in  the  capillaries— Belations  of  the  capil- 
biiy  circulation  to  respiration— Causes  of  the  capillary  circulation— Influence  of  temperature  on  the  capUlaxy  dr- 
culation— Influence  of  direct  irritation  on  the  capillary  circuhition— Circulation  of  the  blood  in  the  velna— Fhyrio- 
logical  anatomy  of  the  veins— Course  of  the  blood  in  the  veins— Pressure  of  blood  in  the  veins— Baptdltj  of  the 
vcDous  circulation— Causes  of  the  venous  circulation — ^Air  in  the  veins— Function  of  the  valves— Conditions 
which  impede  the  venous  circulation— Kegurgitant  venous  pulse— Circulation  in  the  cranial  cavity— Gbealatlon 
in  erectile  tissues— Derivative  circulation— Pulmonary  circulation— Bapidity  of  the  dreulation— Phenomena  In 
the  circulatory  system  after  death. 

In  man  aod  in  all  animals  possessed  of  a  double  heart,  each  contraction  of  this  organ 
forces  a  charge  of  blood  from  the  right  ventricle  into  the  pulmonary  artery,  and  from 
the  left  ventricle  into  the  aorta.  We  have  seen  how  the  valves  which  guard  the  orifices 
of  these  vessels  effectually  prevent  regurgitation  during  the  intervals  of  contraction. 
There  is,  therefore,  but  one  direction  in  which  the  blood  can  flow  in  obedience  to  this 
intermittent  force ;  and  the  fact  that,  even  in  the  smallest  arteries,  there  is  an  accelera- 
tion in  the  current  coincident  with  each  contraction  of  the  heart,  which  disappears  when 
the  action  of  the  heart  is  arrested,  shows  that  the  ventricular  systole  is  the  prime  cause 
of  the  arterial  circulation.  But  this  part  of  the  physiology  of  the  circulation  is  not  so 
simple  as  we  might  at  first  be  led  to  suppose.  The  arteries  have  the  important  function 
of  supplying  nutritive  matter  to  all  the  tissues,  of  furnishing  to  the  glands  materials  out 
of  which  the  secretions  are  formed,  and,  in  short,  are  the  vessels  of  supply  to  every  part 
of  the  organism.  The  supply  of  blood  regulates,  to  a  considerable  extent,  the  processes  of 
nutrition  and  has  an  important  bearing  on  the  general  and  special  functions ;  and  the 
various  physiological  processes  necessarily  demand  considerable  modifications  in  the 
quantity  of  arterial  blood  which  is  furnished  to  parts  at  different  times.  For  example, 
during  secretion,  the  jrlands  require  several  times  as  much  blood  as  in  the  intervals  of 
their  action.  The  force  of  the  heart,  we  have  seen,  varies  but  little  within  the  limits  of 
health  ;  and  the  conditions  necci»8ary  to  the  proper  distribution  of  blood  in  the  economy 
are  repulated  almost  exclusively  by  the  arterial  system.  These  vessels  are  not  inert 
tubes,  but  are  endowed  with  elasticity,  by  which  the  circulation  is  considerably  facili- 
tated, and  with  contractility,  by  which  the  supply  to  any  part  may  be  modified,  inde- 
pendently of  the  action  of  the  heart.  Sudden  flushes  or  pallor  of  the  countenance  are 
examples  of  the  facility  with  which  this  may  be  effected.  It  is  evident,  therefore,  that 
the  properties  of  the  coats  of  the  arteries  are  of  great  physiological  importance.  >Vo 
shall  then  commence  the  study  of  this  division  of  the  circulatory  system  with  a  consid- 
eration of  its  physiological  anatomy. 

Physiological  Anatomy  of  the  Arteries, 

The  vessels  which  carry  the  venous  blood  to  the  lungs  are  branches  of  a  great  trunk 
which  takes  its  origin  from  the  right  ventricle.  They  do  not  differ  in  structure  from  the 
vessels  which  carry  the  blood  to  the  general  system,  except  in  the  fact  that  their  coats 
are  somewhat  thinner  and  more  distensible.  The  aorta,  branches  and  ramifications  of 
which  supply  all  parts  of  the  body,  is  given  off  from  the  left  ventricle.  Just  at  its  ori- 
gin, behind  the  semilunar  valves,  the  aorta  has  three  sacculated  pouches,  called  the  si- 
nuses of  Valsalva.  Beyond  this  point  the  vessels  are  cylindrical.  As  we  recede  from 
the  heart,  the  arteries  branch,  divide,  and  subdivide,  until  they  are  reduced  to  micro- 
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seofiie  lize.  The  branchessr  with  the  exception  of  the  intcTcostal  arteries,  which  make 
iiewlj  a  rigrht  angle  with  tht?  tliuracic  aorto^  are  given  off  at  an  acate  angle.  A^  a  rule, 
the  uterles  are  nearly  ^traiji^ht,  taking  the  sliortest  course  to  tlie  pmrts  which  they  snp- 
plj  vith  bloo<l;  aaJ^  while  the  branches  prui^res^ively  diiiiiiiiyh  in  size,  but  lew  ury 
giTen  off  between  the  grenl  trunk  and  the  small  vessels  which  empty  into  the  cjipil- 
lary  sjslem.  Ilaller  counted  but  twenty  branches  of  the  mesenteric  artery  between  l!:  i 
iortA  and  the  cajallaries  of  the  intestines,  80  long  as  a  vesisel  givt^s  oft*  no  branches,  it^ 
ealiber  cl^iee  not  progre^isively  diminish ;  as  the  common  carotids,  which  nro  as  hirge  ui 
their  hifanratioo  as  they  are  at  their  origin.  There  are  one  or  two  instances  in  which 
^te§sela,  althongh  giving  off  ncmeroua  brandies  in  their  course,  do  not  diminish  iu  size  for 
r>rae  distance;  as  the  aorta,  which  is  aa  large  at  the  point  of  divisiou  into  the  lilacs  as 
;  is  in  the  che^t,  and  the  vertebral  arteries,  which  do  not  diminish  in  caliber  until  they 
[kler  the  foramen  magnum.  With  these  exceptions,  aa  we  recede  from  the  heart,  the 
of  the  vessels  progressively  diminishc!*.  It  haa  long  been  remarked  that  the 
oed  caliber  of  the  branches  of  an  arterial  trunk  is  much  greater  tlian  that  of  the 
i  Tetsel ;  so  that  the  arterial  system,  aa  it  branches,  increajses  in  capacity. 
The  arrangement  of  the  arteries  is  such  that  the  requisite  supply  of  blood  is  sent  to 
I  parts  of  the  economy  by  the  shortest  course  and  with  tlie  least  expenditure  of  force 
I  the  heart.  Generally,  the  vessels  ore  so  situated  as  not  to  be  exjajsed  to  pressure 
I  consequent  interruption  of  the  current  of  blood  ;  but,  in  certain  situations,  as  about 
of  the  joints,  there  is  necessarily  some  liability  to  occasional  compression.  In 
situations,  also,  as  in  tlie  vessels  going  to  the  brain,  particularly  in  eome  of  the  in- 
ferior animals,  it  is  necessary  to  roodtrate  the  force  of  the  blood-current,  on  account  of 
the  delicate^  structure  of  the  organs  in  which  they  are  distributed.  Here  Nature  makes 
A  provision  in  the  shape  of  anastomoses,  by  which.,  on  the  one  hand,  compressir>n  of  a 
^te$sel  simply  diverts,  and  does  not  arrest  the  current  of  blood,  and,  on  the  other  hand, 
he  current  is  rendered  more  equable  and  the  force  of  the  heart  is  moderated. 

The  arteries  are  provided  with  membranous  sheaths,  of  greater  or  hm  strength,  as 
the  vessels  are  situated  in  parts  more  or  less  exposed  to  disturbing  influences  or  acci- 
denta. 

Reaearches  into  the  minute  anatomy  of  the  arteries  have  shown  that  they  are  pos- 
k1  of  three  pretty  well  marked  coats,     Aa  these  vary  very  consideraldy  in  arteries  of 
'cltferent  siies,  it  will  be  oonvenient,  in  their  description,  to  divide  the  vessels  into  three 
classes: 

I,  7%4  littffeit  art^riea ;  in  which  are  included  all  that  are  larger  than  the  carotids 
and  common  iliacs. 

S-  Tk4  arteriit  qf  medium  aue ;  that  is,  between  the  carotids  and  iliacs  and  the 
Elcst. 

8.  Tht  MmalhKt  arttrie*  ;  or  those  less  than  ^^  or  ^  of  an  inch  in  diameter. 

The  largest  arteries  are  endowed  with  great  strength  and  ela-sticity.     Their  external 

coat  is  composed  oi  white,  or  inelastic  fibrnus  tissue,  with  a  few  longitudinal  and  oblique 

livncnli  of  involuntary  muscular  fibres.     This  coat  is  no  thicker  in  tiie  largest  ve*»sel8 

ban  in  some  of  the  vessels  of  medium  size;  and  in  some  inedinm-si^ted  vessels  it  is 

'actually  thicker  than  in  the  aorta.     Tliis  is  the  only  coat  which  is  vascuLir, 

The  middle  coat*  on  which  the  thickness  of  the  walls  of  the  vessel  depends,  is  com- 
chiefly  of  the  yellow  elastic  tissue.  This  tissue  is  disposed  in  numerous  layers, 
,  we  have  a  thin  layer  of  ramifying  elastic  fibres,  and  then  a  number  of  layers  of 
membrane,  with  numerous  oval  longitudinal  openings,  which  has  given  it  the 
I  ot  the  "  fenestrated  membrane.''*  Between  the  diHereut  layers  of  this  membrane 
ar0  fonnd  a  few  unstriped  or  involuntary  muscular  fibres.  These  muscular  fibrei?,  how- 
ever, are  not  numerous  and  have  but  little  physiological  importance.  A  small  portion 
of  the  aorta  and  pulmonary  artery  next  the  heart  is  entirely  free  from  muscular  fibres. 
In  the  largest  arteries,  the  fibres  are  arranged  in  fasciculi,  with  araorphoas  and  fibrous 
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connective  tissae  nuuung  in  a  circular,  longitndinali  and  oblique  direction.  The  longi- 
tudinal and  oblique  fibres  exist  chiefly  in  the  outer  coat.  The  middle  coat  of  the  largest 
arteries?  gives  them  their  yellowish  hue  and  the  elajslicity  lor  which  th'ey  are  so  remark- 
able. 

The  internal  coat  of  the  largest  arteries  does  not  differ  materially  from  the  lining 
membrane  of  the  rest  of  the  arterial  system.  It  is  identical  in  structure  with  the  endo- 
cardium, the  membrane  lining  the  cavities  of  the  heart,  and  is  continued  through  the 
entire  vascular  system.  It  is  a  thin^  homogeneous,  elastic  membrane^  covered  with  a 
layer  of  elongated  epitheUal  scales,  with  oval  nuclei,  their  long  diameter  following  the 
direction  of  the  vesseL 

The  arteries  of  medium  size  possess  considerable  strength,  M)me  elasticity,  and  very 
great  oontractUity,  In  the  outer  and  inner  coattj  we  do  not  distinguish  any  great  differ- 
ence between  these  and  the  largest  arteries,  even  in  thickness.    The  essential  differenoo 
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in  the  anatomy  of  these  vessels  is  found  in  the  middle  coat.  Here  we  have  a  conlinua 
tion  of  the  ehistic  elements  found  in  the  largest  vessels^  but  rclrttively  diminished  iu 
thickness  and  mingled  with  the  fusiform,  involuntary  mnsoular  tibres  arranged,  for  tli€ 
most  part,  at  right  angles  to  tJie  counw  of  the  vess^eh  These  fibres  are  fuund  chitlly  in 
the  inner  layers  of  the  middle  coat^  and  only  in  arteries  smaller  thnn  the  carotids  and 
primitive  iliacs.  In  arteries  of  medium  size,  like  the  feraoruK  profunda  femoris,  radial, 
or  ulnar,  they  exist  in  several  layers.  There  is  no  distinct  division,  as  regards  the  middle 
coat,  between  the  largest  arteries  and  those  of  me<U«m  size.  As  wo  recede  from  the 
lieftrt,  Tnnseular  fibres  gradually  make  their  appearance  between  the  elastic  layers,  pro- 
ely  increasing  in  quantity,  while  the  elastic  eletnenta  are  dinnnished. 
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In  the  gnmllest  arteries,  the  external  coat  is  thin  and  disappears  just  before  the  Tee- 

I  emptjr  into  the  capillarj  system ;  so  thiit  the  verj  amallest  arterioles  have  onJy  the 

'^taaer  coat  and  a  lajer  of  ranscular  fibres.     Although  the  greatest  part  of  the  muscular 

fihre#  iu  the  middle  coat  of  the  arteries  are  arraoged  at  right  angles  to  tbe  course  of  tlie 

ifa»els»  nearly  aU  of  the  arteries^  in  the  human  subject,  are  provided  with  longitudinal 

•oti  «>blique  muscular  faaciculi,  which  are  sometimes  external,  sometimes  internal,  and 

pemiietimes  on  botli  aides  of  the  circular  layers. 

The  middle  coat  is  composed  of  circular  muscular  fibres,  without  any  admixture  of 
elastic  elementa.  In  vessels  yj^  of  an  inch  in  diameter,  we  have  two  or  three  layers  of 
iibree ;  bot^  as  we  near  the  capillaries  and  as  the  vessels  lose  the  external  tibrous  coat, 
iheie  fibres  exist  in  a  single  layer. 

Tlie  internal  coat  presents  no  e^ential  difference  from  the  coat  in  other  vessels,  with 
the  exception  that  the  epithelium  \3  less  distinctly  marked, 

A  tolerably-rich  plexus  of  vessels  is  found  in  the  external  coats  of  the  arteries. 
Tb«se  are  called  the  vasa  vasorura  and  come  from  the  adjacent  arteriolea,  having  no  di- 
rect ooDnection  with  the  vessel  on  which  they  are  distributed.  A  few  vessels  penetrate 
the  external  layers  of  the  middle  coat,  but  none  are  ever  found  iu  the  internal  coat. 

Nervoua  filaments,  principally  from  the  sympathetic  system,  accompany  the  arteries, 
in  all  probability  to  their  remotest  ramifications.  These  are  not  distributed  in  the  walls 
of  the  large  vessels,  but  rather  follow  thern  in  their  course,  their  filaments  of  distribu- 
tion being  found  in  those  vessels  in  which  the  muscular  element  of  the  middle  coat  pre- 
daminatea.  When  we  come  to  treat  of  the  physiology  of  the  organic  system  of  ntrves, 
we  eh^  see  that  the  "  vaso^raotor  "  nerves  play  an  important  part  in  regulating  the 
fimctioti  of  nutrition.  Lymphatics  have  not  been  found  in  the  coats  of  any  of  tlie  blood- 
T«as«ls, 

Citum  qf  th4  Bl&od  in  ths  ArUriet,  —At  exery  pulsation  of  the  heart,  all  the  blood 
iiine*!  in  the  ventricles,  excepting,  perhaps,  a  f'ew  ilrops,  is  forced  into  the  great  vesiwls. 
f%have  jiiready  studied  the  valvular  arrangement  by  which  the  bhxid.  once  forced  into 
these  vessels,  is  preveuted  from  returning  into  the  ventricles  during  the  diastole.  The 
sketch  we  have  given  of  the  anatomy  of  the  arteries  has  prepared  ns  for  a  complexity 
of  phenomena  in  the  circulation  in  these  vessels,  which  would  not  obtain  if  they  were 
simple,  inelastic  tubes.  In  this  case^  the  intermittent  force  of  the  heart  would  ho  felt 
i^qnally  in  all  the  vessels,  and  tlie  arterial  circulation  would  he  subject  to  no  modifications 
which  did  not  come  from  the  action  of  the  central  organ.  As  it  is,  tlie  blood  is  received 
frum  the  heart  into  vessels  endowed,  not  only  with  great  elasticity,  hut  with  contractility, 
llie  elastii^jty^  which  is  the  prominent  property  of  the  largest  arteries,  moderates  the 
intermitteney  of  the  heart's  at^tion,  providing  a  continnous  supply  to  the  parts;  while 
the  contractility  of  the  smallest  arteries  is  capable  of  increasing  or  diminishing  the  supply 
in  any  part   as  may  be  required  in  the  various  functions. 


iieiti/  of  the  Arttrles. — Tliis  property,  which  is  particularly  marked  in  large 
phas  long  laitj  trrniniized.  If,  for  example,  we  forcibly  distend  the  aorta  with 
H  may  lie  dihited  to  more  than  double  its  ordinary  capacity  and  will  resurnt  its 
original  size  and  form  iis  soon  as  the  pressure  is  removed.  This  simple  experiment  teaches 
ns  that^  if  the  force  of  the  heart  be  sufficient  to  distend  the  great  vessels,  their  elasticity 
dtmng  the  intervals  of  its  action  must  be  continually  forcing  the  blood  toward  the 
periphery.  The  fact  that  the  arteries  are  distended  at  each  systole  is  abundantly  proven 
by  acttial  experiment ;  although  the  immense  capacity  of  the  arterial  system,  as  compared 
with  the  ^tmall  charge  of  blood  which  enters  at  each  pulsation,  renders  the  actual  dis- 
tention of  the  vessels  less  than  we  should  be  led  to  expect  from  the  force  of  the  hearths 
contrttetion.  The  most  satisfactory  experiments  on  this  subject  are  those  of  PoiseuiUe, 
Thia  obeerrcr  illustrated  the  dilatation  of  the  arteries  in  the  following  way :  Having 
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exposed  a  considerable  extent  of  the  primitive  carotid  in  a  horse,  he  enclosed  a  portion 
in  a  tin  tube  filled  with  water  and  connected  with  a  small  npright  graduated  tnbe  of  giaas. 
The  openings  around  the  artery,  as  it  passed  in  and  out  of  the  apparatus,  being  carefully 
sealed  with  taliow,  it  is  evident  that  any  dilatation  of  the  vessel  would  be  indicated  by 
an  elevation  of  the  water  in  the  graduated  tube.  This  experiment  invariably  showed  a 
marked  dilatation  of  the  artery  with  each  contraction  of  the  heart. 

It  being  fully  established  that  the  arteries  are  dilated  with  each  ventricular  systole,  it 
becomes  important  to  study  the  influence  of  their  elasticity  upon  the  current  of  blood. 
Division  of  an  artery  in  a  living  animal  exhibits  one  of  the  important  phenomena  due  to 
the  elastic  and  yielding  character  of  its  walls.  We  observe,  even  in  vessels  of  consider- 
able size,  as  the  carotid  or  femoral,  that  the  flow  of  blood  is  not  intermittent  but  remit- 
tent. With  each  ventricular  systole,  there  is  a  sudden  and  marked  impulse ;  but,  during 
the  intervals  of  contraction,  the  blood  continues  to  flow  with  considerable  force.  As  we 
recede  from  the  heart,  the  impulse  becomes  less  and  less  marked ;  but  it  is  not  entirely 
lost,  even  in  the  smallest  vessels,  the  flow  becoming  constant  only  in  the  capillary  system. 
That  the  force  of  the  heart  is  absolutely  intermittent,  is  shown  by  the  following  experi- 
ment :  If  the  heart  be  exposed  in  a  living  animal,  and  a  canula  be  introduced  through  the 
walls  into  one  of  the  ventricles,  we  have  a  powerful  jet  at  each  systole,  but  no  blood  is 
discharged  during  the  diastole.  The  same  absolute  intermittency  of  the  current  will  be 
seen  if  the  aorta  be  divided.  It  is  evident  that  we  must  look  to  the  arteries  themselves 
for  the  force  which  produces  a  flow  of  blood  during  the  intervals  of  the  heart's  action. 
The  conversion  of  the  intermittent  current  in  the  largest  vessels  into  a  nearly -constant 
flow  in  the  smallest  arterioles  is  effected  by  the  physical  property  of  elasticity.  This  may 
be  illustrated  in  any  elastic  tube  of  sufficient  length.  If  we  connect  with  a  syringe  a  series 
of  rubber  tubes  progressively  diminishing  in  caliber  and  discharging  by  a  very  small  orifice, 
and  ii\ject  water  in  an  intermittent  current,  if  the  apparatus  be  properly  acyusted,  the 
fluid  will  be  discharged  at  the  end  of  the  tube  in  a  continuous  stream.  Nearer  the 
syrmgc,  the  stream  will  be  remittent;  and,  directly  at  the  point  of  connection  of  the 
syringe  with  the  tube,  the  stream  will  be  intermittent.  The  intermittent  impulse  may  be 
said,  in  this  case,  to  be  progressively  absorbed  by  the  elastic  walls  of  the  tube.  Each 
impulse  first  distends  that  portion  of  the  tube  nearest  to  it,  and  farther  on  the  distention 
is  diminished  until  it  becomes  inappreciable.  If  the  syringe  be  connected  with  two 
tubes,  one  elastic  and  the  other  inelastic,  the  current  will  be  either  remittent  or  contin- 
uous in  the  one,  and  intermittent  in  the  other.  This  modification  of  the  impulse  of  the 
heart  has  great  physiological  importance ;  for  it  is  evidently  essential  that  the  current  of 
blood,  as  it  flows  into  the  delicate  capillary  vessels,  should  not  be  alternately  intermitted 
and  impelled  with  the  full  power  of  the  ventricle.  After  all,  it  is  in  the  capillaries  that 
the  blood  performs  its  functions ;  and  here  we  should  have  a  constant  supply  of  the  fluid 
in  proper  quantity  and  in  proper  condition  to  meet  the  nutritive  and  other  requirements 
of  the  parts. 

The  elasticity  of  the  arteries  favors  the  flow  of  blood  toward  the  capillaries  by  a 
mechanism  which  is  easily  understood.  The  blood  discharged  from  the  heart  distends  the 
elastic  vessel,  which  reacts,  after  the  distending  force  ceases  to  operate,  and  compresses 
its  fluid  contents.  This  reaction  would  have  a  tendency  to  force  the  blood  in  two  direc- 
tions, were  it  not  for  an  instantaneous  closure  of  the  valves,  which  renders  regurgitation 
with  the  heart  impossible.  Tlic  influence,  then,  can  only  be  exerted  in  the  direction  of  the 
periphery ;  and,  if  we  can  imagine  as  divided  an  action  which  is  propagated  with  such 
rapidity,  the  reaction  of  that  portion  of  the  vessel  immediately  distended  by  the  heart 
distends  a  portion  farther  on,  which,  in  its  turn,  distends  another  portion,  and  so  the  wave 
passes  along  until  the  blood  is  discharged  into  the  capillaries.  In  this  way  we  can  see 
that,  in  vessels  removed  a  sufficient  distance  form  the  heart,  the  force  exerted  on  the 
blood  by  the  reaction  of  the  elastic  walls  is  competent  to  produce  a  very  considerable 
current  during  the  intervals  of  the  heart's  action.     This  theoretical  view  is  fully  carried 
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oat  hy  the  fallowing  simplQ  and  conclasivo  exp^nmeDt  of  Marey :  He  connected  two 
tobtts  of  equal  mze^  one  of  rubber  and  the  otiier  of  glass,  with  the  stop-cock  of  a  larg^ 
vase  ^U^  with  water.  The  clastic  tube  was  provided  with  a  valve  near  the  stop-cock, 
which  prevented  the  relluj^  of  fluid,  and  both  were  fitted  with  tips  of  equal  caliber. 
When^  by  alt^nxately  opening  and  closing  the  Btop-coek,  water  was  allowed  to  flow 
into  tliese  tubes  in  an  intermittent  stream,  it  was  found  that  a  greater  quantity  was 


Fws,  21.— Apparahi§  for  tKoiring  the  aeJion  qT  the  «la«tiettv  «8^  f^  arttri^*.    (Marty*) 
T,  TeM«l  of  «raUf ;  R,  «top<?ock ;  T, double  tube ;  S,  ralTc;  a,  a,  glftM  tube;  b,  &.  rubber  tube. 


ditcharged  by  the  elastic  tube;  but  an  equal  quantity  was  discharged  by  both  tubes 
when  the  stop-cock  was  left  open  and  the  fluid  allowed  to  pas§  in  a  continuous  stream. 
This  simple  experiment  shows  that  not  only  does  the  elaaticity  of  the  arteries  convert  the 
intermittent  current  in  the  largest  vessels  into  a  current  more  and  more  nearly  continuous 
aa  we  approacli  the  periphery,  but  that  when  reflux  is  prevented,  as  it  is  by  the  aemilonar 
▼alTeSf  tiie  resiliency  of  the  arteries  assists  the  circulation. 

C^nttatiility  qf  the  Art€rie$. — It  is  a  well-ostablished  anatomical  fact  that  the 
mediQin-sixed  and  smallest  arteries  contain  contractile  elements;  and  it  is  also  a  fact, 
proven  by  actual  experiment,  that,  as  a  consequence  of  the  condition  of  these  fibres, 
the  vessels  undergo  considerable  variation  in  their  caliber.  The  opinions  of  the  older 
physiologists  on  this  question  have  only  an  historical  interest  and  will  not^  therefore, 
be  discussed.  Among  the  more  recent  investigations  on  this  subject,  we  have  the  experi- 
ments of  Ch  Bernard  and  of  Schitf,  which  have  been  repeatedly  coniinned,  showing  that, 
throagh  the  nervous  system,  the  muscular  coats  of  arteries  may  be  readily  made  to  con- 
tract or  become  relaxed.  If  the  sympathetic  be  divided  in  the  neck  of  a  rabbit,  in  a  very 
few  minutes  the  arteries  of  the  ear  on  that  side  are  notably  dilated.  If  the  divided  ex- 
tj^mity  of  the  nerve  be  galvanized,  the  vessels  soon  take  on  contraction  and  may  become 
smaller  than  on  the  opposite  side.  These  experiments  demonstrate,  in  the  most  conclu- 
sive manner,  the  contractile  properties  of  the  small  arteries  and  give  us  an  idea  how  the 
supply  of  blood  to  any  particular  part  may  bo  regulated.  The  vessels  may  be  most  ef- 
fectually excited  through  the  nervous  system  ;  and  it  is  on  account  of  the  difficulty  in 
producing  marked  results  by  direct  irritation,  that  the  older  physiologists  were  divided 
on  the  subject  of  their  "  irritability/' 

The  contractility  of  the  arteries  has  great  physiological  importance.  As  their  func- 
tion IS  simply  to  supply  blood  to  the  various  tissues  and  organs,  it  is  evident  that,  when 
the  vessels  going  to  any  particular  part  are  dilated,  the  supply  of  blood  is  necessarily  in- 
creased. This  is  particularly  well  marked  in  the  glands,  which,  during  the  intervals  of 
socrotioo,  receive  a  comparatively  small  quantity  of  blood.  Bernard  has  shown  tliat  gal- 
f  aaisstioB  af  what  he  calls  the  motor  nerve  of  a  gland  dilates  the  vessels,  largely  increases 
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the  supply  of  blood,  and  induces  secretion ;  while  galvanization  of  the  sympathetic  fila- 
ments contracts  the  vessels,  diminishes  the  supply  of  blood,  and  arrests  secretion.  The 
pallor  of  parts  exposed  to  cold,  and  the  flush  produced  by  heat,  are  due,  on  the  one  hand, 
to  contraction,  and  on  the  other,  to  dilatation  of  the  small  arteries.  Pallor  and  blushing 
from  mental  emotions  are  examples  of  the  same  kind  of  action. 

The  ulterior  effects  on  nutrition,  which  result  from  dilatation  of  the  vessels  of  a  part, 
are  of  great  interest.  When  the  supply  of  blood  is  much  increased,  as  in  section  of  the 
sympathetic  in  the  neck,  nutrition  is  exaggerated,  and  the  temperature  of  the  part  is 
raised  beyond  that  of  the  rest  of  the  body. 

The  idea,  which  at  one  time  obtained,  that  the  arteries  were  the  seat  of  rhytlimical 
contractions  which  had  a  favorable  influence  on  the  current  of  blood  is  entirely  erro- 
neous.^ It  is  hardly  necessary  to  repeat  that  the  prime  cause  of  the  arterial  circulation 
is  the  force  of  the  left  ventricle.  We  have  seen  that  the  elasticity  of  the  arteries  pro- 
duces a  flow  during  the  intervals  of  the  hearths  action,  and  the  question  now  arises 
whether  the  force  thus  exerted  be  simply  a  return  of  the  force  required  to  expand  the 
vessels,  which  has  been  borrowed,  as  it  were,  from  the  heart,  or  something  superadded 
to  the  force  of  the  heart.  The  experiment  of  Marcy,  already  alluded  to,  settles  this  ques- 
tion. When  water  was  forced  in  an  intermittent  current  into  two  tubes,  one  clastic  and 
the  other  inelastic  but  discharging  by  openings  of  equal  size,  by  far  the  greater  quantity 
was  discharged  by  the  elastic  tube.  A  little  reflection  will  show  how  the  action  of  the 
elastic  arteries  must  actually  assist  the  circulation.  The  resiliency  of  the  vessel  is  con- 
tinually pressing  their  contents  toward  the  periphery,  as  regurgitation  is  rendered  impos- 
sible by  the  closure  of  the  semilimar  valves.  The  dilatation  of  the  vessels  with  each  sys- 
tole of  course  admits  an  increased  quantity  of  blood ;  and  it  has  been  experimentally 
demonstrated  that  the  same  intermittent  force  exerted  on  an  inelastic  tube  will  discharge 
a  less  quantity  of  liquid  from  an  opening  of  equal  caliber. 

Superadded,  then,  to  the  direct  action  of  the  heart,  we  must  recognize,  as  a  cause  in- 
fluencing the  flow  of  blood  in  the  arteries,  the  resiliency  of  the  vessels,  especially  of  those 
of  large  size,  this  force  being  derived  originally  from  the  heart.  Thus  it  will  be  seen  that 
the  arteries  are  constantly  kept  distended  with  blood  by  the  heart ;  and,  by  virtue  of 
their  elasticity  and  the  progressive  increase  in  the  capacity  of  this  system  as  they 
branch,  the  powerful  contractions  of  the  central  organ  only  serve  to  keep  up  an 
equable  current  in  the  capillaries.  The  small  vessels,  by  virtue  of  their  contractile 
walls,  regulate  the  distribution  of  the  blood,  acting  as  the  guards  or  sentinels  of 
the  process  of  nutrition,  and,  in  fact,  of  all  the  numerous  functions  in  which  the  blood 
is  concerned. 

Locomotion  of  the  Arteries  and  Production  of  the  Pulse, — At  each  contraction  of  the 
heart,  the  arteries  are  increased  in  length  and  many  of  them  undergo  a  considerable  loco- 
motion. This  may  be  readily  observed  in  vessels  which  are  tortuous  in  their  course  and 
is  frequently  very  marked  in  the  temporal  artery  in  old  persons.  The  elongation  may 
also  be  seen  if  we  watch  attentively  the  point  where  an  artery  bifurcates,  as  at  the  divis- 
ion of  the  common  carotid.  It  is  simply  the  mechanical  effect  of  sudden  distention, 
which,  while  it  increases  the  caliber  of  the  vessel,  causes  an  elongation  even  more 
marked. 

The  finger  placed  over  an  exposed  artery  or  one  which  lies  near  the  surface  expe- 
riences a  sensation  at  every  beat  of  the  heart  as  though  the  vessel  were  striking  against 
it.  This  has  long  been  observed  ond  is  called  the  pulse.  Ordinarily  it  is  appreciated 
when  the  current  of  blood  is  subjected  to  a  certain  amount  of  obstruction,  as  in  the  radial, 

1  Schiff  has  DoUced  rhythmical  contractions  in  the  superficial  arteries  of  the  car  in  the  rabbit  and  in  some  other  ani- 
mals ;  but  this  phenomenon  is  exceptional,  and  the  movements  do  not  appear  to  fovor  the  current  of  blood.  The 
recent  experiments  of  Dr.  J.  J.  Mason,  of  New  York,  show  conclusively,  to  our  mind  at  least,  that  there  is  not  a  i>eri- 
stajtic  action  of  the  muscuUr  coats  of  the  small  arteries,  capable  of  assisUng  the  circulation.  This  view,  however,  Is 
opposed  to  the  Ideas  ofLegros  and  Onimus  and  of  soma  otiier  physiologists. 


FORM  OF  THE  PULSE, 


U 


which  cao  readilj  be  compressed  Afrninst  the  bone.     Id  nn  arterj  imbedded  in  soft  piirtB 

^%hirh  vit?ld  to  pn^ssnri*.  the  actual  dUataiion  of  tJie  ve^el  bein^  very  slight,  pal^jitinn  ig 

;  with  dttHculty,  if  iit  all.     When  obstruction  of  an  artery  is  complete,  as  in  ligation  of 

If  I,  the  puliimtion  abovo  the  point  of  liiratnre  is  very  mnrked  and  can  be  re^idiiy  np- 

ated  by  the  eye.     The  explanation  of  this  exaggeration  of  the  movement  Is  the  fol* 

ttwmg:  Normally,  the  blood  passes  freely  through  the  artenea  and  produce.^  in  the 

Uer  >•       "         8 y  little  movement  or  dilatation;  when,  however,  the  cun'cnt  is  ob- 

Bied,  J.  .     rQ  or  even  compression  with  the  finger^  the  tbrce  of  the  heart  Is  not  eent 

ttroagh  the  ve.siscl  to  tho  periphery  hut  is  arrested  and  therefore  becomes  more  marki^d 

faod  easily  appreciated.     In  vessels  which  have  become  nndihitable  ttnd  incomi>res«ible 

from  calcareous  deposit*,  the  pulse  cannot  be  felt.     The  chnracter  of  the  pulse  indicates, 

,  to  a  certain  extent,  Uie  condition  of  the  heart  and  vessels.    We  have  J^poken,  when  trcat- 

Dg  of  the  heart,  of  the  varying  rapidity  of  the  pulso,  as  it  is  a  record  of  the  rapidity  of 

he  action  of  this  organ ;  but  it  remains  for  us  to  consider  the  mechanism  of  its  prodnc- 

||aL»n  and  its  various  characters. 

Under  ordinary  eircumstanceis,  tho  pulse  may  bo  felt  in  nil  arteries  which  are  ex- 
,  lu  investigation  ;  and,  as  it  is  due  to  the  movement  of  the  blood  in  the  vessels,  the 
nae  of  it?  prodoetion  is  the  contraction  of  the  left  ventricle.     The  experiments 
riiMnftf  have  shown  that  the  impulse  given  to  the  blood  by  the  her.rt  is  not  felt  in  aJl 
Uie  **eafels  at  tlie  aamo  instant.     By  ingonious  contrivances,  which  will  be  described 
r  ftrther  on,  this  observer  has  succeeded  in  registering  simnltaneously  the  impulse  of  the 
|['ll«art,  ilie  pul^  of  the  aorUi^  and  the  pulse  of  the  femoral  artery.     He  has  thus  ascer- 
\  tilill  the  contraction  of  the  ventricle  is  anterior,  in  point  of  time,  to  the  pulsation 
-♦toi<wt%  «nd  Umt  the  puliation  of  the  aorta  precedes  the  pulse  in  the  femoral.     This 
^  rms  the  views  of  other  physiologists^  particiiliuly  Welter,  who  descrihtd  this 

j  .  e  retardation  of  the  pulse  ns  we  recede  from  the  hearty  estimating  the  ditltrence 

boiwgen  the  ventricular  systole  and  the  pulsation  of  the  artery  in  the  foot  at  one-seventh 
of  a  second.  • 

It  is  evident  from  what  we  know  of  the  variations  which  occur  in  the  force  of  the 
rlieart's  action^  tho  quantity  of  blood  in  the  vessels,  and  from  the  clianges  which  may 
"  place  in  tho  C4iliher  of  the  arterie?,  that  tlie  characters  of  the  pol*ie  must  be  subject 
lo  numeroos  variations.  Many  of  these  may  be  a(>preciated  simply  by  the  sens^e  of  touch, 
Vt*d  find  writers  treating  of  the  soft  and  compressible  pulse,  the  hard  pulse,  the  wiry 
palie,  the  thready  ptibe,  etc.,  a.-*  imlicfiting  various  conditions  of  the  circulatory  t^ystcm. 
The  character  of  the  pulse^  aside  from  its  freqiiency,  haa  always  been  regarded  as  of  great 
importance  tn  di^ase ;  and  the  variations  which  occur  in  healtli  form  o  most  interesting 
iahj«ct  fur  physiological  inquiry « 
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i^wi  qfthe  Piilti. — It  is  evident  tlint  few  of  the  characters  of  a  pulsation,  occupying 
M  1$  does  hut  one-seventieth  part  of  a  minute,  can  be  ascertained  by  the  sense  **(  lonch 
alone.  This  fact  has  been  appreciiitcd  by  physiologists:  and,  within  the  la^t  few  ye  art*, 
in  order  to  accurately  study  this  importnnt  subject,  instruments  for  rcgiFtt  ring  the  pulse 
hmre  ho^n  constructed,  to  enable  us  to  analyze  Uio  dilatation  and  movements  of  the 
viMQols.  The  idea  of  such  an  instrument  was  probably  suggested  by  the  following 
simple  oUservativn:  When  the  legs  are  exosaed,  with  one  knee  over  the  other,  tlie  bcnting 
of  the  popliteal  artery  will  produce  a  marked  movement  in  the  foot.  If  we  could  atq>1y 
to  on  artery  a  lever  provided  with  a  marking  point  in  contact  with  a  slip  of  prt])er  inoving 
at  A  detinite  rate,  this  point  would  register  the  movement*  of  the  vessel  and  its  changes 
in  enlibcr  The  first  physiologist  who  put  this  in  jtractice  was  Vierordt,  who  constructed 
implex  instrument,  so  arranged  that  the  impulse  from  an  accessible  artery,  like 
:  I  il,  w^as  conveyed  to  a  lever,  which  marked  tlie  movement  upon  a  revolving 

cyHnder  of  pai>er.     This  instrument  was  called  a  *'  sfjhygmogrnph."     The  traces  made  by 
tt  were  pirf.rrlv  regular  and  simply  marked  the  extreaieg  of  dilatation,  exaggerated,  of 


Fio.  ftl  ii^}.^^ygm»ffrapA  ^  Mart^  afrpUtd  to  ihs  arm. 
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Th«  [jrinciple  on  wyiich  the  instniment  of  Vierordt  was  constrncted  was  correct;  and 
it  only  reti  mined  to  construct  one  whirli  won  id  be  easy  of  appl  lent  ion  and  produce  a  trace 
representin};;  The  shades  of  dilatation  and  contraction  of  the  vossols,  in  order  to  lend  to 
important  prtfticul  re^uUs.     These  iodispen&able  conditions  are  fiiDy  reaUised  in  the 
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fplil^gniograiiU  of  Maruj,  to  wh»>^  recearches  on  tfie  ciroulattoti  we  have  repeatedly 
rrfernfU.  The  instniment  stmplj  anJiilifies  the  changes  in  the  caliber  of  the  vessel ;  and, 
^thou^b  its  applicatiun  \s^  perhaps,  not  so  easy  as  to  make  it  irenerultj  Qsetiil  in  practice, 
m  the  hands  of  Marey  it  has  given  ns  a  definite  knowledge  of  the  phjsiologictv!  character 
of  Uitf  pulse  and  its  mcMlificationM  in  certain  diseases^  information  which  la  exceedingly 
iMrable  and  which  could  not  be  arrived  at  by  othLr  ineantii  of  investigatiou.  In  short, 
its  iiie<rhaaism  is  so  accurate  tluit,  when  skilfully  used,  it  gives  on  paper  the  actual 
**  form  of  the  pulse/'  This  instrument,  upplied  to  the  radial  artery,  gives  a  trace  very 
different  from  that  obtained  by  Vierordt,  which  was  aiinply  q  series  of  regular  eleva* 
tloos  and  depressions.  A  comparison  of  the  traces  obtained  by  these  two  observers 
icives  an  idea  of  the  defects  which  have  been  remedied  by  Marey ;  for  it  is  evident  that 
the  dilatation  and  contraction  of  the  arteries  cannot  be  so  regular  and  simple  as  would 
1^  inferred  merely  from  the  trace  made  by  the  instrument  of  Vierordt. 

Analyxing  the  tracer  of  Marey*  we  see  that  there  is  a  dUatation  following  the  systole 
of  this  beart,  marked  by  an  elevation  of  the  lever,  more  or  less  sudden,  as  indicated  by 
lH#  ao^e  of  the  trace,  and  of  greater  or  less  amplitude.  The  dilatation,  having'  arrived 
St  itA  oiAximmn,  is  followed  by  reaction,  which  may  be  slow  and  regular,  or  may  be,  and 
pa«imlly  las,  interrupted  by  a  second  and  slighter  upward  inovemeui.  of  the  leven  This 
•toond  impulse  varies  very  much  in  amplitude.  In  some  rare  instances,  it  is  nearly  as 
marked  as  the  6rst  and  may  be  appreciated  by  the  lTngei\  giving  the  sensation  of  a  double 
|mlse  following  each  contraction  of  the  heart.  This  is  citlled  tbe  dicrotic  pulse.  As  a 
rule,  the  first  dilatation  of  the  vessel  is  sudden  and  is  indicated  by  an  almost  vertical 
liQie ;  this  is  followed  by  a  alow  reaction,  indicated  by  a  gradual  descent  of  the  trace, 
which  is  not,  however,  absolutely  regular,  but  is  marked  by  a  slight  elevation  indicating 
a  NCOBd  impulse.  The  amplitude  of  the  trace,  or  the  distance  between  the  highest  and 
ih/t  lowest  points  marked  by  the  lever,  depends  upon  the  amount  of  constant  tension  of 
tJji^  v(s08«liu  Karey  ho^s  found  that  the  amplitude  is  in  an  inverse  ratio  to  the  tension; 
which  is  very  easily  understood,  for,  when  the  arteries  are  but  little  distended,  the  force 
of  tlio  heart  must  be  more  marked  in  its  elfects  than  when  the  pressure  of  blood  is  very 
great.  Any  oircnnistance  which  facilitates  the  flow  of  blood  from  the  arteries  into  the 
eapillAries  will,  of  course,  relieve  the  tension  of  the  arterial  system,  lessen  the  obstacle 
to  the  force  of  the  heart,  and  increase  the  amplitude  of  tbe  pidsation,  and  tiee  rena^ 
la  support  of  this  view,  Marey  has  found  that  cold  applied  to  the  surface  of  the  body 
Dtracttng,  as  it  does,  the  smallest  arteries,  increases  the  arterial  tension  and  ditnin- 
ishes  the  amplitude  of  the  pulsation,  while  a  moderate  elevation  of  temperature  pro- 
daces  an  opposite  effect. 

In  nearly  all  the  traces  given  by  Marey.  the  descent  of  the  lever  indicates  more  or  less 
osrtllation  of  the  mass  of  blood.     Tlie  physical  properties  of  the  larger  arteries  render 

I  ioevilable.  As  they  yield  to  the  distending  inOuencc  of  the  heart,  reaction  occnrs 
'  this  force  is  taken  of!'  and,  if  the  distention  be  very  great,  gives  a  second  impulse  to 
the  blood.  This  is  quite  marked,  unless  the  tension  of  the  arterial  system  l>e  so  great  as 
to  offer  too  much  resistance.  One  of  the  most  favorable  conditions  for  the  manifestation 
of  diep>tlsm  is  diminished  tension,  which  b  always  found  coexistiDg  with  a  very  marked 
exhibition  of  this  phenomenon. 

llie  deUcate  instrument  employed  by  Marey  enabled  him  to  accurately  determine  and 

ster  theee  various  phenomena,  by  observations  on  the  arteries  of  tbe  human  subject 
the  lower  animals ;  and,  by  means  of  an  ingeniously  constructed  **  $chemaC^  repre- 
"fcnting  the  arterial  system  by  elastic  tubes  and  the  left  ventricle  by  an  elastic  bag  pro- 
vided with  vaKes  and  acting  as  a  syringe,  he  satisfactorily  established  the  conditions  of 
laaaion,  etc,  necessary  to  their  production.  In  this  uehema,  the  registering  apparatus, 
idiiifiler  in  construction  than  the  sphygmograpb,  could  be  applied  to  the  tubes  with  more 
accuracy  and  ease.  He  demonstrated,  by  experiments  with  this  system  of  tubes,  that 
the  amplitude  of  the  pulsations,  the  force  of  the  central  organ  being  the  same,  is  greatest 
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when  the  tubes  are  moderately  distended,  or  when  the  tension  of  fluid  is  low,  and  vice  vena. 
Ue  demonstrated,  also,  that  a  low  tension  favors  dicrotism.  In  this  latter  observation, 
he  diminished  the  tension  by  enlarging  the  orifices  by  which  the  fluid  was  discharged 
from  the  tubes,  imitating  the  dilatation  of  the  small  vessels,  by  which  the  tension  is  di- 
minished in  the  arterial  system.  He  also  demonstrated  that  an  Important  and  essential 
element  in  the  production  of  dicrotism  is  the  tendency  to  oscillation  of  the  fluid  in  the 
vessels  during  the  intervals  between  the  contractions  of  the  heart  This  can  only  occur 
in  a  fluid  which  has  a  certain  weight  and  acquires  a  velocity  from  the  impulse ;  for, 
when  air  was  introduced  into  the  apparatus,  dicrotism  could  not  be  produced  under  any 
circumstances,  as  the  fluid  did  not  possess  weight  enough  to  oscillate  between  the  im- 
pulses. Water  produced  a  well-marked  dicrotic  impulse  under  favorable  conditions; 
and  with  mercury,  the  oscillations  made  two,  three,  or  more  distinct  impulses.  By 
these  experiments  he  proved  that  the  blood  oscillutes  in  the  vessels,  if  this  movement 
be  not  suppressed  by  too  great  pressure  or  tension.  This  osciUation  gives  the  successive 
rebounds  that  are  marked  in  the  descending  line  of  the  pulse,  and  is  capable,  in  some 
rare  instances  when  the  arterial  tension  is  very  slight,  of  producing  a  second  rebound 
of  suflicient  force  to  be  appreciated  by  the  finger. 

Without  treating  of  the  variations  in  the  character  of  the  pulse  in  disease,  due  to  the 
action  of  the  muscular  coat,  we  shall  consider  some  of  the  external  modifying  influences 
which  come  within  the  range  of  physiology.  The  smallest  vessels  and  those  of  medium 
size  possess  to  an  eminent  degree  what  is  called  tonicity,  or  the  property  of  maintaining 
a  certain  continued  amount  of  contraction.  This  contraction  is  antagonistic  to  the  dis- 
tending force  of  the  blood,  as  is  shown  by  opening  a  portion  of  an  artery  included  be- 
tween two  ligatures  in  a  living  animal,  when  the  contents  will  be  forcibly  discharged  and 
the  caliber  of  that  portion  of  the  vessel  is  very  much  diminished.  Too  great  distention 
of  the  vessels  by  the  pressure  of  blood  seems  to  be  prevented  by  this  constant  action  of 
the  muscular  coat;  and  thus  the  conditions  are  mamtained  which  give  the  pulse  the 
characters  we  have  just  described. 

By  excessive  and  continued  heat,  the  muscular  tissue  of  the  arteries  may  be  dilated 
so  as  to  offer  less  resistance  to  the  distending  force  of  the  heart.  Under  these  circum- 
stances, the  pulse,  as  felt  by  the  finger,  will  be  found  to  be  larger  and  softer  than  normal. 
Cold,  either  general  or  local,  has  an  opposite  eff*ect ;  the  arteries  become  contracted,  and 
the  pulse  assumes  a  harder  and  more  wiry  character.  Usually,  prolonged  contraction  of 
the  arteries  is  followed  by  relaxation,  as  is  seen  in  the  full  pulse  and  glow  of  the  surface 
which  accompany  reaction  after  exposure  to  cold. 

It  has  been  found,  also,  that  there  is  a  considerable  diff*erence  in  the  caliber  of  the 
arteries  at  dift'erent  periods  of  the  day.  The  diameter  of  the  radial  has  been  found  very 
much  greater  in  the  evening  than  in  the  morning,  producing,  naturally,  a  variation  in  the 
character  of  the  pulse.  We  learn  from  these  physiological  variations,  how,  in  disease, 
when  they  become  more  considerable,  they  may  give  important  information  with  regard 
to  the  condition  of  the  system. 

Pressure  of  Blood  in  the  Arteries. 

The  reaction  of  the  elastic  walls  of  the  arteries  during  the  intervals  of  the  hearths 
action  gives  rise  to  a  certain  amount  of  constant  pressure,  by  which  the  blood  is  con- 
tinually forced  toward  the  capillaries.  The  discharge  of  blood  into  the  capillaries  has  a 
constant  tendency  to  diminish  this  pressure ;  but  the  contractions  of  the  left  ventricle, 
by  forcing  repeated  charges  of  blood  into  the  arteries,  have  a  compensating  action.  By 
the  equilibrium  between  these  two  agencies,  a  certain  degree  of  tension  is  maintained  in 
the  arteries,  which  is  called  the  arterial  pressure. 

The  first  experiments  with  regard  to  the  extent  of  the  arterial  pressure  were  made 
by  Hales,  an  English  physiologist,  more  than  a  hundred  years  ago.  This  observer, 
adapting  a  long  glass  tube  to  the  artery  of  a  living  animal,  ascertained  the  height  of  the 
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of  Iklood  which  could  he  sustomed  by  tho  arterial  presaore.  In  some  experimeote 
IHI  Uw  carotid  o(  tlie  horae,  the  blood  mouulvd  to  the  height  of  from  eight  to  ten  feet, 
AH  «:xparimeDt3  oc  the  arterial  pressure  are  uiude 
IIm  principie  of  the  experimeut  of  Ualei^  whitili, 
lice  simply  to  tho  constant  pressure  in  t!i© 
,  Is  as  Qsefat  as  those  of  later  date  and  much 
QiMre  strikiog.  The  only  inconvenience  is  in  the  ina- 
oipiiiAtion  of  the  Long  tube ;  but  thU  may  be  avoided 
by  soling  il  in  a  strip  of  wood^  when  it  can  be  easily 
Itfullod.  If  a  largo  artery^  as  the  carotid,  be  exposed 
ia  a  Uviiig  animalj  and  a  mettUlic  point,  connected 
wiih  a  vertical  tube  of  small  caliber  and  from  seven 
|0  ^bt  teet  long  bj  a  bit  of  elastic  tubing,  be  secured 
in  the  vessel,  the  blood  will  rise  to  the  height  of  abmit 
ttz  fe^  and  remain  at  tlii^  point  alniotFt  stationary, 
mdicaling^  by  a  slight  pulsatile  movement,  the  action 
of  the  heart.  On  carefully  watching  the  level  in  the 
Cube,  in  addition  to  the  rapid  oscillation  coincident 
vith  the  pulae,  another  oscillation  will  be  obi^ervcd, 
wtijcb  is  loss  frequent  and  which  corresponds  with 
the  movementa  of  respiration.  The  pressure,  as  indi- 
cate br  ntk  elevation  of  the  fluid,  is  slightly  increased 
dming  expiration  and  diminished  during  in^pu'ation.* 
Thit  tjxperlment  with  the  long  tube  give»  us  the 
Inst  general  idea  of  the  arterial  pressure,  which  will 
be  foimd  to  vary  between  6ve  and  a  half  and  six  feet 
of  blood,  or  a  few  inches  more  of  water.  The  oscil- 
f  produced  by  the  contractions  of  the  heart  are 
t  very  marked^  on  account  of  the  great  friction  in 
long  a  tube;  but  this  ia  favorable  to  the  study  of 
the  constant  pressure.  It  has  been  found  that  the 
•  Mjiaat^  above  given  do  not  vary  very  much   in  ani- 

of  diiferent  sizes.  Bernard  fouud  the  pressure  in  the  carotid  of  a  horse  but  little 
mcrre  than  iu  the  dog  or  rabbit.  In  tlie  larger  animals,  it  is  the  force  of  the  heart  which 
is  increased,  and  not,  to  tmy  considerable  extent,  the  constant  pressure  in  the  vessels. 
The  ex[K^riinents  of  Hales  were  made  with  a  view  of  calcuhiting  the  force  of  the 
;  and  were  not  directed  particularly  to  the  conditions  ami  variations  of  tlio  arterial 
It  is  only  since  the  experiments  performed  by  Poisenille  with  the  htetiiadyna- 
acter^  In  1828»  that  we  have  any  reliable  data  on  this  latter  point,  FoiseuiUe's 
iHftlroment  for  measuring  the  force  of  the  blood  is  a  simple  graduates!  U-tube,  half  filletl 
with  mercury^  with  one  arm  bent  at  a  right  angle,  so  that  it  can  easily  be  connected  with 
Ihe  art«ry»  The  pressure  of  the  blood  is  indicated  by  a  depression  in  the  level  of  the 
mercury  «>n  one  aide  and  a  corre^onding  elevation  on  the  other.  Tliis  instrument  is 
f«Q«riUly  considered  aa  poaaesaing  great  advantages  over  the  long  glass  tube;  but,  for 
estimating  simply  the  arterial  pressure,  it  is  much  less  useful,  as  it  is  more  sensitive  to 
the  impulse  of  the  heart.  For  the  study  of  tho  cardiac  pressure,  it  has  the  disa<lviuitage, 
in  tho  first  place,  of  considerable  friction,  and,  again^  the  weight  of  the  column  of 
mercury  produces  an  extent  of  oscillation  by  its  mere  impetus,  greater  than  that  which 
would  actually  represent  the  force  of  the  heart 

An  important  improvement  in  the  htcmadyiiamometer  was  made  by  Mngendie.     This 
apparatus,  the  cardiometer,  in  w^hich  Bernard  lias  made  some  important  modifications,  is 

*  29  aJl  IhflM  eacporlDW&ts  on  the  trierlal  or  cardhK  preB«ure»  It  is  nee^surf  to  fill  part  of  the  tube,  or  whutever 
ippwaixu  vt  tniij  toe,  wrltb  «  solutlvo  of  carboMto  of  sodo^  in  order  to  pravcot  coagulaUan  of  the  bloud  u  tt  pMMfl 

•OtOf  tat  VWMli. 


mmffjifd  by  Ludwig,  i^tenffUr^  and 
VaUntift. 
The  InstmiiK'nt  Id  eqnneetctl  with  tlio  Tca- 
6ct  y  V.  Id  »uch  a  mutmer  tiiat  tlio 
drcislAUDD  1ft  DDi  Inlerrupltnl.  The  tsht- 
viitioa  of  the  liitrcury  in  tho  broud^  BC 
todlailos  thu  aiDOUtii  of  pnr^urQ. 
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the  one  now  generally  used.     It  consist*  af  a  small  but  thick  glass  bottle,  with  a  fine, 
graduated  glass  lube  about  twelve  mches  in  leugtb,  comiuunicatiug  with  it,  either  through 
thi*  stopper  ur  hy  mi  orifice  in  the  side.     The  »loj>ptfr  is  piurced  by  a  bent  tube  which  is 
to  be  connected  with  the  blood-\'easeh     Tlie  bottle  is  tilled  with  mercury  no  thftt  it  wilJ 
ri^e  in  the  tulit;  to  a  point  wixich  is  marked  2eri>.    It  is  uvideut  that  the  amount  of  presa^^ 
ure  on  the  mercury  in  the  bottle  will  be  iudicated  by  an  elevation  in  the  graduated  tobeH 
and,  moreover,  from  the  fineness  of  the  column  in  the  tube,  we  avoid  some  of  tlie  in^^ 
conveniences  which  are  due  to  the  weight  of  mercury  in  the  hi^^madyuamometer,  and  we 
also  have  I&as  friction.     This  iiiBtnimeut  is  appropriately  called  the  cardiometer,  as  it  in- 
dicates mo6t  accurately,  by  the  extreme  elevation  of  the  mercury,  the  force  of  the  heart; 


-^ 


k"r 


Fio.  25  (A).- 


'f  0/ JTaffendUf 


A  fttrong  itIb  -  h  ivido  and  i\ ttoA 

wlUiann  T,bv  which  tho 

meiTurv  '  ri  Uiw  Is  rlowd, 

the  gnduatiid  ^bi^  tube  T\  whkb  hju  a  caliber  of 
fttJtu  t't  to  I  of  aa  iDch.    Tbo  botUo  U  till<rd  with 
moreury  xmlil  it  rls«t  t 
mftrkea  lero.    The  cork  t» 


moreury  autll  it  rls«t  to  a'  \n  the  tube  which  Is 

Led  lero.    The  cork  t»  perfbnitcd  by  the  tube  t 

"trhldi  }a  coooecteil  by  &  rumr  tube  with  the  point 


C,  whkb  li  iatn>diUNH]  into  Uw  T«s»et 


Fig.  20  (B).^Ci>mptnsating  instrumtnt  tfUarejf* 


but  it  is  not  as  perfect  in  its  indications  of  the  mean  arterial  pressure,  for,  in  the  abrupl^ 
descent  of  the  mercury  during  the  diastole  of  the  heart,  the  impetus  causes  the  level  to 
fall  considerably  below  the  real  standard  of  the  constant  pressure.     Jlarey  has  succeeded™ 
in  correcting  this  difficulty  in  what  he  calls  the  ''compensating'^  instrument,  which  ifH 
OOastructed  on  the  following  principle:  Instead  of  a  simple  glass  tube  which  coromuni- 
CAtes  with  the  mercury  in  the  bottle,  as  in  Magendie^s  cardiometer,  he  has  two  tubes, 
one  of  which  is  like  the  one  already  described  and  represents  oscillations  produced  1 
tho  heart,  w  hilo  the  other  is  larger,  and  has,  at  the  lower  part,  a  constriction  of  t 
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r,  wliich  is  here  reduced  to  capillary  fioene^^s.  The  latter  tube  is  designed  to  gire  tlie 
win  ATtcftAl  presiiure ;  the  coDstrict^d  portion  ofleriug  such  an  obstacle  to  the  rise  of 
dM  ni<reury  that  the  interoiitteat  action  of  the  hi-urt  is  not  felt,  the  niercarj  rising  slowly 
Id  a  eertain  leTeL,  which  la  constant  and  varies  only  with  the  constant  pressure  In  the 


We  hare  only  an  approximatiTe  idea  cf  the  average  presanre  in  the  arterial  systetn  in 
1^  btutian  anbject^  deduced  from  experiments  on  animals.  It  has  already  been  stated  to 
ht  eqftial  to  about  sir  feet  of  water  or  six  inchest  of  mercnry. 

Tlie  moat  intere^sting  questions  connected  with  the  subject  of  the  arterial  preas- 
ve  are  the  comparative  pressure  in  different  parts  of  the  arterial  system,  the  conditions 
vbleii  modify  the  arterial  pressure,  and  its  influence  on  tlve  piil^.  These  points  have  all 
htm  pttUj  fhlly  investigated  by  experiments  on  animals  and  observations  on  systems  of 
llMtie  tobea  arranged  to  represent  the  blood* vessels^ 

Prtmure  in  Biffertnt  ParU  of  the  Arterial  Sy»tem,—lh^  experiments  of  Hales,  Poi- 
Kflille,  Bernard^  and  others^  seem  to  show  that  the  constiint  arterial  pressure  does  not 
tary  in  art<!ries  of  difterent  sizes.  These  physiolopsts  have  experimented  particularly 
on  the  carotid  and  crural,  and  have  found  the  pressure  in  these  two  vessels  about  the 
nme.  From  their  experiments  they  conclude  that  the  force  is  equal  in  all  parts  of  the 
trtcml  system.  The  experiments  of  Volkmann,  however,  have  fdjowu  that  this  conoln- 
Ml  Jus  been  too  basty.  With  the  registering  apparatas  of  Ludwig,  he  has  taken  the 
liMSnre  in  the  carotid  and  the  metatarsal  arteries  and  has  always  found  a  considerable 
ifil&reoce  in  favor  of  the  forraer.  In  an  experiment  on  a  dog,  be  found  the  pressure  equal 
to  one  hundred  and  seventy -two  miilimeters  in  the  carotid,  and  one  hundred  and  sixty* 
JTc  in  the  metfttarsnL  In  an  experiment  on  a  calf,  the  pressure  was  one  hundred  and 
nixteen  mm.  in  the  carotid,  and  elj^hty-nine  mm.  in  the  metatarsal;  and  in  a  rabbit, 
ainffty-oDe  mm.  in  the  carotid,  and  eighty -six  mm.  in  the  crural.  These  experiments  show 
tliattiie  pressure  is  not  absolutely  the  same  in  all  parts  of  the  arterial  system,  that  it  is 
gnsiest  in  the  arteries  nearest  the  heart,  and  that  it  gradually  diminishes  as  we  near  the 
fltpiUuiej^.  The  difference  is  very  slight^  almost  inappreciable,  until  we  come  to  vessels  of 
fwy  small  siie ;  but  here  the  pressure  is  directly  influenced  by  the  discharge  of  blood  into 
tlie  oapillariea.  The  cause  of  tbi.s  diminution  of  pressure  in  the  smallest  vessels  is  the  prox- 
imity of  the  great  outlet  of  the  arteriei*,  the  capillary  system ;  for,  as  we  shall  see  fartlier 
im,  the  flow  into  the  capillaries  has  a  constant  tendency  to  dimiuiah  tho  i*res8uro  in  the 
trteries.  It  is  obvious  that  this  influence  can  only  be  felt  in  a  very  marked  degree  in  the 
\  of  amallest  size. 


li^tisnee  of  Rupiratim. — It  is  easy  to  see,  in  studying  the  arterial  pressure  with  any 

of  the  instruments  we  have  described,  tliat  there  is  a  marked  increase  with  expiration 

and  a  tliminutioD  with  inspiration.    The  fact  that  ex[oration  will  increase  the  force  of  the 

jet  of  blood  from  a  divided  artery  has  long  been  observed  and  accords  perfectly  witli  the 

^    ibof  e  statemcnL     In  tranquil  respiration,  the  influence  upon  the  flow  of  blood  is  duo 

B   ttniply  to  the  mechanical  action  of  the  tliorax.     With  every  inspiration,  the  air-cells  are 

^Ljilargeil,  as  well  a^  the  blood-vessels  of  the  lungs,  the  air  rushes  in  through  the  trachea, 

^HBd  the  movement  of  the  blood  in  the  veins  near  the  chest  is  accelerated.     At  the  same 

^     nme,  the  bloffd  in  tho  arteries  is  somewhat  retarrled  in  its  flow  from  the  thorax,  or  at  least 

does  not  feel  the  expulsive  influence  which  follow.*?  with  the  act  of  oxf^iration.    The  arterial 

freiMire  at  that  time  is  at  its  minimum.     With  the  expiratory  act,  the  air  is  expelled  by 

eompression  of  the  lungs,  the  flow  of  bloo<l  into  the  thorax  by  the  veins  is  retarded  to  a 

oertAtn  extent,  while  the  flow  of  blood  into  the  artenea  is  favored*     This  is  strikingly 

^    exhibited  in  the  augmented  force,  with  expiration,  in  the  jet  from  a  divided  artery. 

■    Under  theae  circnmstances  the  arterial  f^ressore  is  at  its  maximum.    In  perfectly  tranquil 

I   rMpiratton,  the  changes  due  to  inspiration  and  expiration  are  slight,  presenting  a  difler- 


-ill 
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enoe  of  not  more  than  half  an  inch  to  an  inch  in  the  cardiometer.  When  the  respiratory 
movements  are  exaggerated,  the  oscillations  are  very  much  more  marked. 

Interruption  of  respiration  is  followed  by  a  very  great  increase  in  the  arterial  press- 
ure. This  is  due,  not  to  causes  within  the  chest,  hut  to  obstruction  to  the  circalation  in 
the  capillaries.  We  are  already  aware  of  the  influence  which  the  flow  of  blood  into  the 
capillaries  is  constantly  exerting  upon  the  arterial  pressure.  This  tendency  to  diminish 
the  quantity  of  blood  in  the  arteries,  and  consequently  the  pressure,  is  constantly  coun- 
teracted by  the  blood  sent  into  the  arteries  by  the  contractions  of  the  heart.  With  an  in- 
terruption of  the  respiratory  function,  the  non-aerated  blood  passes  into  the  arteries  hot 
cannot  flow  readily  through  the  capillaries ;  and,  as  a  consequence,  the  arteries  are  abnor- 
mally distended  and  the  pressure  is  greatly  increased.  If  respiration  be  permanently 
arrested,  the  arterial  pressure  becomes,  after  a  time,  diminished  below  the  normal 
standard,  and  is  finally  abolished,  on  account  of  the  stoppage  of  the  action  of  the  heart 
If  respiration  be  resumed  before  the  heart  has  become  arrested,  the  pressure  soon  returns 
to  its  normal  condition. 

Muscular  effort  considerably  increases  the  arterial  pressure.  This  is  due  to  two  causes. 
In  the  first  place,  the  chest  is  generally  compressed,  favoring  the  flow  of  blood  into  the 
great  vessels.  In  the  second  place,  muscular  exertion  produces  a  certain  amount  of  ob- 
struction to  the  discharge  of  blood  from  the  arteries  into  the  capillaries.  Numerous 
experiments  upon  animals  have  shown  a  great  increase  in  pressure  in  the  struggles  which 
occur  during  severe  operations.  It  has  been  shown  that  galvanization  of  the  sympa- 
thetic in  the  neck  and  irritation  of  certain  of  the  cerebro-spinal  nerves  increase  the  arterial 
pressure,  probably  from  an  influence  on  the  muscular  coats  of  some  of  the  arteries,  caus- 
ing them  to  contract  and  thereby  diminishing  the  total  capacity  of  the  arterial  system. 

EffecU  of  EamoTthage, — Diminution  in  the  quantity  of  blood  has  a  remarkable  ef- 
fect upon  the  arterial  pressure.  K,  in  connecting  the  instrument  with  the  arteries,  we 
allow  even  one  or  two  jets  of  blood  to  escape,  the  pressure  will  be  found  diminished  per- 
haps one-half,  or  even  more.  It  is  hardly  necessary  to  discuss  the  mechanism  of  the  effect* 
of  the  loss  of  blood  on  the  tension  of  the  vessels,  but  it  is  wonderful  how  soon  the  press- 
ure in  the  arteries  regains  its  normal  standard  after  it  has  been  lowered  by  haamorrhage. 
As  the  pressure  depends  largely  upon  the  quantity  of  blood,  as  soon  as  the  vessels  absorb 
the  serosities  in  sufficient  quantity  to  repair  the  loss,  the  pressure  is  increased.  This 
takes  place  in  a  very  short  time,  if  the  loss  of  blood  be  not  too  great. 

Experiments  on  the  arterial  pressure  witli  the  cardiometer  have  verified  the  fact 
stated  in  treating  of  the  form  of  the  pulse ;  namely,  that  the  pressure  in  the  vessels  bears 
an  inverse  ratio  to  the  distention  produced  by  the  contractions  of  the  heart.  In  the  car- 
diometer, the  mean  height  of  the  mercury  indicates  the  constant,  or  arterial  pressure ; 
and  the  oscillations,  the  distention  produced  by  the  heart.  It  is  found  that  when  the 
pressure  is  great,  the  extent  of  oscillation  is  small,  and  mce  versa.  It  will  be  remembered 
that  the  researches  of  Marey  demonstrated  that  an  increase  of  the  arterial  pressure 
diminishes  the  amplitude  of  the  pulsations,  as  indicated  by  the  sphygmograph,  and  that 
the  amplitude  is  very  great  when  the  pressure  is  slight.  It  is  also  true,  as  a  general  rule, 
that  the  force  of  the  heart,  as  indicated  by  the  cardiometer,  bears  an  inverse  ratio  to  the 
frequency  of  its  pulsations. 

Depressor  Nerve  of  the  Circulation— ^\i\\m  the  last  few  years,  an  important  discovery 
has  been  made  by  Oyon  and  Ludwig,  of  a  nerve  arising  in  the  rabbit  by  two  roots,  one 
from  the  main  trunk  of  the  pneumogastric  and  the  other  from  the  superior  laryngeal 
nerve,  which  joins  the  sympathetic  filaments  in  the  chest  and  passes  to  the  heart.  This 
nerve  has  a  reflex  action,  as  was  shown  by  the  experiments  of  Cyon,  its  galvanization 
reducing  the  arterial  pressure  by  one-third  or  one-half.  This  action  is  known  to  be 
reflex,  for,  when  the  nerve  is  divided,  galvanization  of  the  central  end  affects  the  arterial 
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,  while  no  snch  restjlt  foUows  dtimnlation  of  the  periplieral  extremity  ;  and  the 
>m  mAnK^Bl^il  wbt*n  the  jmtniiiiojifaslncs  have  been  divided  and  no  direct  ncrvoas 
►  ifl  exerted  over  the  heiirt*  It  U  thought  that  the  reduction  in  tlie  urterial  jires»- 
mn  IbHovin^  giih'anization  of  thi»  so-ciilled  depressor  nerves  is  mainly  due  to  the  action 
if  tlia  f|iiftticbnic  nervea,  by  which  the  abdoraiual  vessels  become  largely  dilated.  If  the 
I  he  opened  and  one  or  more  of  the  i^planchnic  nerves  bo  divided,  the  arterial 
i&  immediatelj  diminished,  and  the  pressure  is  restored  if  the  divided  ends  of 
bo  galvanised.  If^  after  division  of  the  splanchnic  nerves  and  the  conse- 
;  diminntion  of  the  arterial  pressure^  the  depressor  nerves  be  galvanized^  the  press- 
ir^ftlll  ttndergoes  »ome  additional  diininutiod,  but  this  is  mneh  le^s  than  the  diminution 
vlikh  follows  galvanization  of  the  depressor  nerves  without  section  of  the  Bplanchmc. 
Tbft  Actiao  of  these  nerves  will  be  more  fully  considered  in  eonneotion  with  the  physiology 
of  the  nervona  system. 

Sapiditff  of  the  Current  qf  Bhod  in  the  Artiriu, — The  question  of  the  rapidity  of 
ttMftiteml  circnlation  has  long  engaged  the  attention  of  physiologists;  but  the  experl- 
■catAol'  Volkmann,  with  his  htcmadrometer^  and  of  Vierordt,  with  a  peculiar  instru- 
Mittl  wKkb  he  devised  for  the  piir{>ose,  did  not  lead  to  results  that  were  entirely 
alMictory. 

Hm  best  insiniment  for  measuring  the  rapidity  of  the  circulation  In  the  arteries  was 
by  Chauveim^  of  the  Veterinary  School  at  Lyons.  This  will  give,  by  calculation, 
» oetUAl  rapidity  of  the  circulation ;  and»  what  is  more  interesting,  it  marks  accurately 
)  rapid  variations  in  velocity  which  occur  at  diflerent  periods  of  the  hearths  action. 
The  instrument  to  be  applied  to  the  carotid  of  the  horse  consists  of  a  thin  brass  tnbe, 
^n  inch  and  a  fialf  in  length  and  of  the  diameter  of  the  artery  (about  three-eighths 
ftch)»  which  is  provided  with  an 
longitudinal  opening,  or  window, 
e  middle,  about  two  lines  long  and 
»a«  line  wide.  A  piece  of  thin  vnlcan- 
Ued  rubber  is  wound  around  the  tube 
and  firroly  tied  so  as  to  cover  this  open- 
iiUC.  Through  a  transverse  slit  in  the 
rubber,  is  introduced  a  very  light  metallic 
needle,  an  inch  and  a  half  in  length  and 
^Atlened  at  its  lower  part.  This  is  made 
tAi  project  about  half-way  into  the  caliber 
of  the  tube.  A  flat,  semicircular  piece 
,  divided  into  an  arbitrary  scale, 
to  the  tube,  to  indicate  the 
ations  of  the  point  of  the  needle. 
Tlie  apparatus  is  introduced  carefully 
bto  the  carotid  of  a  horse,  by  making  a 
in  the  vessel,  introducing  first  one 
of  the  tnbe  directed  toward  the 
heart,  then  allowing  a  little  blood  to  fio.  a-^C^krtuwtfiiV  iw^nfmen* /briiiwifHfvWe  m* 
•liter  the  instrument,  so  as  to  expel  the  pidituof  theJIawo/tiloodlHihiaritriit, 

air,  and.  when  tall,  introducmg  the  other    i^  t^e  vessel ;  A,  tbe  dial  which  mVks  the  cxu-m  or 
und,  «iecuring  the  whole  bv  ligatures  above    moTuroeutof  the  nwdlcrf  • «-  a  latenU  tab©  for  ihc  m- 

,■ .     ,  ^  '     ^  uchmeut  of  a  cardiomctcr,  If  de«lr«d. 

and  helow. 

When  the  circulation  is  arrested,  the  needle  shotdd  he  vertical,  or  mark  zero  on  the 
icale.  Wljen  the  flow  is  established,  a  deviation  of  the  needle  occurs,  which  varies  in 
ozt^nt  with  the  rapidity  of  the  current.  Having  removed  all  pressure  from  the  vessel  so 
ad  to  alU»r  the  current  to  resume  its  normal  character,  the  deviations  of  the  needle  arc 
esrefnOy  noted,  as  they  occur  with  the  systole  of  the  hearty  with  the  diastole,  etc.    After 
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withdrawing  the  instrument,  it  is  applied  to  a  tube  of  the  size  of  the  artery,  in  which  a 
current  of  water  is  made  to  pass  with  a  rapidity  which  will  produce  the  same  devia- 
tions as  occurred  when  the  instrument  was  connected  with  the  blood-vessel.  The  ra- 
pidity of  the  current  in  this  tube  may  be  easily  calculated  by  receiving  the  fluid  in  a 
graduated  vessel  and  noting  the  time  occupied  in  discharging  a  given  quantity.  By  this 
means  we  ascertain  the  rapidity  of  the  current  of  blood.  This  instrument  is  on  the  same 
principle  as  the  one  constructed  by  Vierordt,  but  in  sensitiveness  and  accuracy  it  is  much 
superior.  In  the  hands  of  Chauveau,  the  results,  particularly  those  with  regard  to  varia- 
tions in  the  rapidity  of  the  current,  are  very  interesting. 

Rapidity  of  the  Current  in  the  Carotid, — It  has  been  found  that  tbree  currents,  with 
different  degrees  of  rapidity,  may  be  distinguished  in  the  carotid  : 

1.  At  each  ventricular  systole,  we  have,  as  the  average  of  the  experiments  of  Chan- 
veau,  the  blood  moving  in  the  carotids  at  the  rate  of  20-|^  inches  per  second.  After  this, 
the  rapidity  quickly  diminishes,  the  needle  returning  quite  or  nearly  to  zero,  which  would 
indicate  complete  arrest. 

2.  Immediately  succeeding  the  ventricular  systole,  we  have  a  second  impulse  given  to 
the  blood,  which  is  synchronous  with  the  closure  of  the  semilunar  valves,  the  blood  mov- 
ing at  the  rate  of  S^^  inches  per  second.    Chauveau  calls  this  the  dicrotic  impulse. 

8.  After  tlie  dicrotic  impulse,  the  rapidity  of  the  current  gradually  diminishes,  until 
just  before  the  systole  of  the  heart,  when  the  needle  is  nearly  at  zero.  The  average  rate, 
after  the  dicrotic  impulse,  is  5^^  inches  per  second. 

The  above  experiments  give  us,  for  the  first  time,  correct  notions  of  the  rapidity  and 
variations  in  the  flow  of  blood  in  the  larger  vessels;  and  it  is  seen  that  they  correspond 
in  a  remarkable  degree  with  the  experiments  of  Marey  on  the  form  of  the  pulse.  Marey 
showed  that  there  is  a  marked  oscillation  of  the  blood  in  the  vessels,  due  to  a  reaction 
of  their  elastic  walls,  following  the  first  violent  distention  by  the  heart ;  that,  at  the  time 
of  closure  of  the  semilunar  valves,  the  arteries  experience  a  second,  or  dicrotic  distention, 
much  less  than  the  first ;  and,  following  this,  there  is  a  gradual  decline  in  the  distention 
until  the  minimum  is  reached.  Chauveau  shows  by  experiments  with  his  instrument 
that,  corresponding  to  the  first  dilatation  of  the  vessels,  the  blood  moves  with  great 
rapidity ;  following  this,  the  current  suddenly  becomes  nearly  arrested ;  this  is  followed  by  a 
second  acceleration  in  the  current,  less  than  the  first ;  and,  following  this,  we  have  a 
gradual  decline  in  the  rapidity  up  to  the  time  of  the  next  pulsation. 

Rapidity  in  Different  Parts  of  the  Arterial  System,— Yrom  the  fact  that  the  arterial 
system  increases  in  capacity  as  we  recede  from  the  heart,  we  should  expect  to  find  a  cor- 
responding diminution  in  the  rapidity  of  the  flow  of  blood.  There  are,  however,  many 
circumstances,  aside  from  simple  increase  in  the  capacity  of  the  vessels,  which  modify 
the  blood-current  and  render  inexact  any  calculaticms  made  upon  purely  physical  principles. 
Such  are  the  tension  of  the  blood,  the  conditions  of  contraction  or  relaxation  of  the 
smallest  arteries,  etc.  It  is  necessary,  therefore,  to  have  recourse  to  actual  experiments 
to  arrive  at  any  deflnite  results  on  this  point.  The  experiments  of  Volkmann  showed  a 
great  diff*erence  in  the  rapidity  of  the  current  in  the  carotid  and  metatarsal  arteries,  the 
averages  being  10  inches  per  second  in  the  carotid  and  2*2  inches  in  the  metatarsal.  The 
same  difference,  although  not  quite  so  marked,  was  found  by  Chauveau  between  the  carot- 
id and  the  facial.  The  last-named  observer  also  noted  an  important  modiflcation  in  the 
character  of  the  current  in  the  smaller  vessels.  As  we  recede  from  the  heart,  the  sys- 
tolic impulse  becomes  rapidly  diminished,  being  reduced  in  one  experiment  about  two- 
thirds  ;  the  dicrotic  impulse  becomes  feeble  or  may  even  be  abolished  ;  but  the  constant 
flow  is  very  much  increased  in  rapidity.  This  fact  coincides  with  the  ideas  already 
advanced  with  regard  to  the  gradual  conversion,  by  virtue  of  the  elasticity  of  the  vessels, 
of  the  impulse  of  the  heart  into,  first,  a  remittent,  and,  in  the  very  smallest  arteries,  a 
nearly  constant  current. 

The  rapidity  of  the  flow  in  any  artery  must  be  subject  to  constant  modifications  due 


CIRCULATION  OF  THE  BLOOD  LV  THE  CAPlLLARIEa  81 

B  condition  of  the  arteriolesi  which  are  diipplied  bj  it.  When  these  little  vessels  are 
dilated,  the  arterjr  of  course  empties  itself  with  greater  facility,  and  the  rapidity  is  in- 
«f«aaed«  Thus  the  rapidity  bear:«  a  relation  to  the  arterial  pressure ;  as,  independently  of 
A  diminution  in  the  entire  quantity  of  the  circulating  tluid^  ranatioDs  in  the  pressure 
ddpeiid  chiefly  on  causes  which  facilitate  or  retard  the  tlow  of  blood  iuto  tbe  capillaries. 
A  gocid  example  of  enlargement  of  the  capillaries  of  a  particular  part  is  in  maaueation, 
irfaen  the  salivary  glands  are  brought  into  activity  and  the  quantity  of  blood  which  they 
peceive  is  RTeatly  increased,  Chauveau  found  an  immense  increase  in  the  rapidity  uf  the 
flow  in  the  carotid  of  a  horse  during  masticattun.  The  enlargement  of  tlie  vessels 
of  tlie  glands  during  their  function  has  been  coneluj^ively  proven  by  the  experiments  of 
B<trnftrd.  It  must  be  remombered  that,  in  all  parts  of  the  arterial  systemf  the  rapidity 
of  the  current  of  blood  is  constantly  liable  to  increase  from  dilatation  of  the  small  ves- 
lels  «ud  to  diminution  from  their  contraction. 

Circulation  of  the  Blood  in  the  Capillaries. 

ifore  entering  upon  the  study  of  the  capillary  circulation,  we  should  define  what  we 
;  by  the  capillary  vessels  as  distinguished  from  the  smallest  arteries  and  veins.    From 
a  strktly  physiological  point  of  view,  the  capillarieu  are  to  be  regarded  as  oommencing 


Fta.  2J.^Ospiilary  Mooti-visttU  frtm  the  pectin  of  ihteyeqf  the  bird.    (Ebertb,) 
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at  the  point  where  the  blood  is  brought  near  enough  to  the  tissues  to  enable  them  to  sep- 
arate the  elements  necessary  for  their  regeneration  and  to  give  up  the  products  of  their 
physiological  decay.  With  our  present  knowledge,  it  is  impossible  to  assign  any  limit 
where  the  vessels  cease  to  be  simple  carriers  of  blood ;  and  it  does  not  seem  probable  that 
it  will  ever  be  known  to  what  part  of  the  vascular  system  the  processes  of  nutrition  are 
exclusively  confined.  The  divisions  of  the  blood-vessels  must  be,  to  a  certain  extent, 
arbitrarily  defined ;  and  we  should  feel  at  liberty  to  adopt  the  views  of  any  reliable  ob- 
server with  regard  to  the  kind  of  vessels  which  are  to  be  considered  as  capillaries.  The 
most  simple,  and  what  seems  to  be  the  most  physiological  view,  is  to  regard  as  capillaries 
those  vessels  which  have  but  a  single  tunic ;  for,  in  these,  the  blood  is  brought  in  closest 
proximity  to  the  tissues.  Vessels  which  are  provided,  in  addition,  with  a  muscular  or 
with  muscular  and  fibrous  coats  are  to  be  regarded  either  as  small  arteries  or  as  venous 
radicles.  This  view  is  favored  by  the  character  of  the  currents  of  blood  as  seen  in 
microscopical  observation  of  the  circulation  in  transparent  parts.  Here  an  impulse  is 
observed  with  each  contraction  of  the  heart,  until  we  come  to  vessels  which  have  but 
one  coat  and  are  so  narrow  as  to  allow  the  passage  of  but  a  single  line  of  blood- 
corpuscles. 

Physiological  Anatomy  of  the  Capillaries, — If  the  arteries  be  followed  out  to  their 
minutest  ramifications,  they  will  be  found  progressively  diminishing  in  size  as  they  branch, 
and  their  coats,  especially  the  muscular,  becoming  thinner  and  thinner,  until  at  last  they 
present  an  internal  structureless  coat,  lined  by  epithelium  with  oval,  longitudinal  nuclei, 
a  middle  coat,  formed  of  but  a  single  layer  of  circular  muscular  fibres,  and  an  external 
coat,  composed  of  a  very  thin  layer  of  longitudinal  fibres  of  the  white  inelastic  tissue. 
These  vessels  are  from  -^  to  j^  of  ^n  inch  in  diameter.  They  become  smaller  as  they 
branch,  and  undoubtedly  possess  the  property  of  contractility,  which  is  particularly 
marked  in  the  arterial  system.  Following  the  course  of  the  vessels,  when  they  are  re- 
duced in  size  to  about  ^^^  of  an  inch,  the  external  fibrous  coat  is  lost,  and  the  vessel  then 
presents  only  the  internal  coat  and  a  single  layer  of  muscular  fibres.  These  become  smaller 
as  they  brancli,  finally  lose  the  muscular  coat,  and  have  then  but  a  single  tunic.  These 
last  we  shall  consider  as  the  true*capillary  vessels.  • 

The  minute  structure  of  the  capillary  vessels  is  of  considerable  importance  and 
interest  and  has  been  very  closely  investigated  w^ithin  the  last  few  years.  It  was  for- 
merly thought  that  the  smallest  vessels,  which  wo  describe  as  the  true  capillaries,  were 
composed  of  a  single,  homogeneous  membrane,  from  v^\-^  to  ^^^  of  an  inch  thick,  with 
nuclei  embedded  in  its  substance,  but  not  provided  with  an  epithelial  lining.  Recent 
observations,  however,  have  shown  that  the  membrane  is  homogeneous,  elastic,  perhaps 
contractile,  and,  in  some  parts  at  least,  is  provided  with  fusiform  or  j)olygonal  epithelium 
of  excessive  tenuity.  The  borders  of  the  epithelial  cells  may  be  seen  by  staining  the  ves- 
sels with  nitrate  of  silver.  In  the  smallest  capillaries,  the  cells  are  narrow  and  elongated 
or  fusiform ;  and  in  the  larger  vessels,  they  are  more  polygonal,  with  very  irregular  borders. 
The  nuclei  which  have  been  observed  in  the  walls  of  the  vessels  belong  to  this  layer  of 
epithelium.  By  the  same  process  of  staining  with  nitrate  of  silver,  we  frequently  observe 
irregular,  non-nucleated  areas ;  and  it  has  been  supposed  by  some  that  these  indicate  the 
presence  of  stomata,  or  orifices  in  the  walls  of  the  vessels.  This  latter  point,  however, 
has  not  been  definitely  determined.  It  cannot  at  present  be  stated  positively  whether  or 
not  orifices  normally  exist  in  the  walls  of  the  blood-vessels.  Most  of  the  anatomical 
points  we  have  just  mentioned  have  been  developed  by  observations  upon  the  vessels  of 
the  frog. 

The  diameter  of  the  capillaries  is  generally  as  small  as,  or  it  may  be  smaller  than 
that  of  the  blood-corpuscles ;  so  that  these  bodies  always  move  in  a  single  line  and 
must  become  deformed  in  passing  through  the  smallest  vessels,  recovering  their  natural 
shape,  however,  when  they  pass  into  vessels  of  larger  size.    The  capillaries  iU'e  smallest 
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HUscular  tissue,  retina,  and  patches  of  Peyer^  where  they  havo  a  di- 
to  jT^57j  of  an  inch.  In  the  macous  layer  af  the  skin  and  in  the 
meitibnioea,  they  are  from  ^^^^  to  yj^^tq  ^^  **^  ^^^^  *°  diameter.  They  arc 
\  in  the  glands  and  hones,  where  they  are  from  ^y^^  to  ^^^  of  an  inch  in  diam- 
eter, The*e  measureinents  indicate  the  si^e  of  the  vessels  and  not  tlieir  caliber,  Tak- 
mg  out  the  thickness  of  their  walls^  it  is  only  the  very  largest  of  them  that  will  admit  of 
tlie  puwig«  af  t  blood-disk  without  a  ch^ge  in  its  form. 


biis*<|5- 


N^ 


Ik,  9L^^Sm^  art^rjf  an4i &fpiU4tfU*,/l^om  thf  mi.  •.:  uHnaty  bladder  of  tht/rog;  magn^td 

400  diamtUra.    f  (Vom  a  phologmph  taken  at  Lht>  Uuitkl  states  Army  Medico)  Museain.) 
Huii  pr»(jttndj9ii  ftbows  tli«  epllheliiioi  of  the  vei$«-la.    It  la  Injected  with  Qltrotj!  of  silver,  BtJiioed  vrlth  carralar,  uid 

moaatcd  Id  Ca^uda  baliiam. 


Unlike  the  arteries,  which  grow  smaller  as  they  branch,  and  tlie  veins,  which  be- 
come larger,  as  we  follow  the  eonrse  of  the  blond,  by  union  with  each  other,  the  capil- 
lanrs  form  a  true  plexus  of  vej^sels  of  nearly  tiniform  diameter^  branching  and  inoscnlat- 
lOg  in  every  direction  and  distributing  blood  to  the  parts  as  their  pliysiolo^cal  necessi- 
tiea  demand.  This  mode  of  inosculfltion  h  peculiar  to  these  voasels,  and  the  plexus  is  rich 
in  the  tissnea,  as  a  general  rale,  in  proportion  to  the  activity  of  their  nutrition.  Al- 
thoogh  their  arrangement  presents  certain  differences  in  different  organs,  the  capillary 
have  everywhere  the  same  general  characteristics,  the  most  prominent  of  which 
llform  diameter  and  absence  of  any  positive  direction.  The  net- work  thus  fonned  is 
rer-  I  the  substance  of  the  glands  and  in  the  organs  of  absorption  ;  but  the  vessels 

Sf  •  -Tended  with  blood  during  the  physiologiefll  activity  of  these  parts.     In  the 

langa,  the  meshes  are  particularly  close.  In  other  parts^  the  vessels  are  nut  so  abundnnt, 
pttmmtlng  great  variations  in  different  tissues.  In  the  muscles  and  nerves,  in  which  nn- 
tritfofi  fa  very  nctiire,  the  snpply  is  much  more  abundant  than  in  other  parts,  like  ibro- 
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serotiB  membranes,  tendoDB,  etc.  In  uooe  of  the  tissues  da  we  find  capillaries  penetrat- 
ing  the  atiatomieal  elements,  an  the  ultimate  mu^iilar  or  n^jrvuud  fibres.  Souie  tissues 
receive  no  blood,  at  least  tbey  cootain  no  ve^ek  wliiub  are  capable  of  carrying  red 
bloody  and  are  noarlshed  by  imbibition  of  the  nutrient  plasma  of  tbe  circulating  daid. 
Examples  of  these,  which  are  called  extra- vascular  tissuea,  are  cartilage,  nmh^  and 
hair. 

The  foregoing  anatomical  sketch  gives  an  idea  of  how  near  the  blood  is  brought  to 
the  tissues  in  the  capillary  system,  and  how,  once  conveyed  there  by  the  arteries,  and  the 
supply  regulated  by  the  action  of  the  muscular  coat  of  the  smaller  vessels,  the  blood  m 
distributed  for  the  purposes  of  DUtritiun,  secretion,  absorption,  exhalation,  or  whatevorl 
functiou  the  part  has  to  perform.     This  will  be  still  more  apparent  when  we  come  tal 
consider  the  course  of  the  blood  in  the  capillaries  and  tiie  immense  capacity  of  this  sys-1 
tem,  as  compared  with  the  arteries  or  veins. 

The  capacity  of  the  capillary  system  is  immense.  It  is  only  necessary  to  consider  j 
the  great  vascularity  of  tho  skin,  mucous  membranes,  or  muscles,  to  realize  this  fact*] 
In  iiyections  of  these  parts,  it  seems,  on  microscopical  examiuation,  as  though  they  con-l 
tained  nothing  but  capillaries.  In  preparations  of  this  kind,  the  elastic  and  yielding^ 
ooats  of  the  capillaries  are  distended  to  their  utmost  limit.  Under  some  circumstances, 
in  health,  they  are  largely  distended  \vith  blood,  as  the  mucous  lining  of  the  ahroeotarjr  J 
canal  during  digestion,  the  whole  surface  presenting  a  vivid-red  color,  indicating  thej 
great  richness  of  the  capillary  plexus.  Various  estimates  of  the  capacity  of  the  capil- 
lary, m  corajiared  with  tlie  arterial  system,  have  been  made,  but  they  are  simply  approii* 
mative,  and  there  seems  to  be  no  means  by  which  an  estimate,  with  any  pretensions  ioM 
accuracy,  can  be  formed.  The  various  estimates  which  are  given  are  founded  upon  cal-^ 
eolations  from  microscopical  examinations  of  the  rapidity  of  the  capillary  circulation  as 
couiparcd  with  the  circulation  in  the  arteries.  In  this  way,  it  has  been  estimated  that 
the  entire  capacity  of  the  capillary  system  is  from  five  hundred  to  eight  hundred  times 
that  of  the  arterial  system.  It  must  be  evident  to  any  one  who  has  witnessed  the  capil- 
lary circulation  under  the  raierosrope,  that  the  conditions  under  which  the  animal  under 
examination  is  placed  are  liable  to  interfere  with  the  current  of  blood  ;  and  the  periodi- 
cal congestion  of  certain  parts,  the  fugitive  flushes  of  the  skin,  the  condition  of  the 
smallest  arteries  induced  by  changes  of  temperature,  exercise,  etc.,  make  it  evident  that 
the  current  of  hluod  is  liable  to  great  variations.  ^It  is  impossible  to  strictly  apply  to 
the  capillary  circulation  in  the  various  parts  of  the  human  subject  observations  on  the 
wing  of  a  bat  or  the  mesentery  of  a  cat.  We  must  consider,  then,  these  estimates  as  | 
mere  suppositions,  and  they  are  given  for  what  they  are  wortli. 


Phenomena  of  the  Capillary  Oireulation. — The  most  convenient  situation  for  the 
practical  atndy  of  the  capillary  circulation  is  the  tongue  or  the  web  of  the  frog.  Here 
may  be  studied,  not  only  the  movement  of  the  blood  in  the  true  capillaries,  but  the  cir- 
culation in  the  smallest  arteries  and  veins,  tbe  variations  in  caliber  of  these  vessels, 
especially  the  arterioles,  by  the  action  of  their  muscular  tunic,  and,  indeed,  the  action 
of  vessels  of  considerable  siise.  This  has  been  a  most  valuable  means  of  studying  tho, 
circulation  in  the  capillaries  as  contrasted  with  the  How  in  the  siuall  arteries  and  Teins,  and 
the  only  one,  indeed,  which  could  give  us  any  definite  idea  of  the  action  of  these  yaeBelSh 

The  magnifioent  speotaole  of  the  capillary  circulation  was  first  observed  by  Malpighif 
in  the  lungs,  and  afterward  by  Leenwenhoek,  Spallanzani,  Haller,  Covvper,  and  others, 
in  other  parts.  We  see  the  great  arterial  rivers,  in  which  the  blood  flows  with  wonder* 
ful  rapidity,  branching  and  subdividlngj  until  the  circulating  fluid  is  brought  to  the  nct^ 
work  of  fine  capillaries,  where  the  oorpnscles  dart  along  one  by  one.  The  blood  is  then 
ooUected  by  the  veins  and  carried  in  great  currents  to  the  heart.  This  exhibition,  to 
the  student  of  Nature,  is  of  inexpressible  grandeur;  and  our  admiration  is  not  dimin- 
ished when  we  come  to  study  the  phenomena  in  detail.     We  find  here  a  subject  as  inter* 
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In  vessels  of  considerable  size,  as  well  as  in  some  coplUaries,  the  corpuscles,  occnpyJ 
mg  the  central  portion,  more  with  uiuch  greater  rapidity  than  the  regt  of  the  bloo<]|. 
leaving  a  layer  of  clear  plasma  at  the  sides,  which  is  nearly  motionless.     This  ouriou 
phenomenon  is  in  obedience  to  a  physical  law  regulating  the  passage  of  liquids  through 
capillary  tubes  for  whioh  they  have  an  attraction,  such  as  exists,  fur  example,  betvvee 
the  blood  and  the  vessels.     In  tubes  reduced  to  a  diameter  approximating  that  of  thai 
capillaries,  the  attracti^^e  force  exerted  bj  their  walls  upon  a  liquid,  causing  it  to  enter! 
tlie  tube  to  a  certain  distance,  called  cafullary  attraction^  becomes  an  obstacle  to  the  pas-  * 
eage  of  flaid  in  obedience  to  pressare.    Of  course,  as  the  diameter  of  the  tube  is  re^ 
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FlQ.  m.-^Snalt  afitrif  m^d  oaptilaHmfrom  t\s  lun^g  qfa  frog ;  magnUttd  50O  diametergr    (Ftoid  a  plioti 
ta^o  at  Ui«  United  St«tot  Army  Modlc&l  Mu««atii.) 

daoed,  this  force  becomes  relatively  increased,  for  a  larger  proportion  of  the  liquid  con- 
tents is  brought  in  contact  with  it.  When  we  come  to  the  smallest  arteries  and  veins, 
and  still  more  the  capillario!^,  the  capillary  attraction  is  sufficient  to  produce  the  mo- 
tionless  layer,  called  the  '*  still  layer  '■  by  many  physiologists,  and  the  liquid  moves  onljr 
in  the  central  portion,  Tlie  plasma  occupies  the  position  next  the  walls  of  the  vessels, 
for  it  is  this  portion  of  the  blood  whioh  h  capable  of  '*  wetting  *'  the  tubes.    The  trans- 

dttM  not  lat«rfero  wlHi  tiie  drcaktton,  and  to  ftttacb  tlia  mtmn\  by  i^ni  to  a  Uiln  piece  of  oork,  fttretGhlo;  the  weh  ov«r 
aa  fldflm  In  tbo  c-ort,  to  sUow  the  potangv  of  H^bt,  and  aeciirioi^  It  with  pl&»  tbron^h  the  toca.  The  iii«mhniw  la 
Umb  motetened  with  walar  and  covered  with  thin  g'laaa,  and.  If  Uie  i^wDonl  jturfiune  be  kept  molflt,  the  drculatiou  iit«y 
la  iklMlled  fbr  bmin.  Bjr  fently  infLidng  lh«  Itiai^  with  a  nnal]  blow-pipe^  McorUig  tbo  ftlr  bj  a  U^ture  paascd 
■rouad  tha  htrjun  benaath  the  raucoas  tnombniie,  and  opealDg  the  cheat,  the  pQlmoimry  drculatlon  maj  he  nudted. 
Umi  ^reoktlott  mmj  \m  examload  In  ihfr  toogae  (which  preaeDts  a  ma^fioeat  view  of  the  drculstlOD  as  well  ai  of  the 
aarrae  and  nm^euliir  tfbm)  hjr  drawt&g  It  out  of  the  nioath  and  apraadlng  It  toto  a  thin  ahoet,  fie«iiritig  It  with  ptaa. 
The  clmiliitlon  mtay  alto  be  obadired  In  the  meseotsix  of  a  un»XU  wana-bloodad  auiraal,  Ifke  th«  numaev  hj  tiaitg  It 
upoD  the  fkoirpUtjet  opaalag  the  abdomen,  and  drawlag  oat  the  tneiDbraDe ;  hot  It  la  aot  wsao  ao  well  or  ao  coavaaliBl^ 
Ijr  aa  in  the  loof  ue  or  weh  of  the  ttog. 
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poreui  layer  iras  observed  by  Malpighi,  Haller,  and  all  who  have  described  the  cspillfliy 
T  !_     Foiseaille  recognized  its  true  relation  to  the  blood-eurrent  and  explained 

n      ,  TueooQ  of  the  still  layer  by  physical  laws,  whirh  liad  been  previously  estab- 

Ustied  with  regard  to  the  iiow  of  l^uids  in  tubes  of  the  diameter  of  from  otie-twenty- 
to  one^  eit^hth  of  an  inch,  but  which  he  had  sacceeded  in  applyiJig  to  tubes  of  the 
» of  the  CApillariea. 

A  red  corpuscle  occftsionally  becomes  involved  in  the  still  layer,   when  it   moves 

tlowly,  turning  over  and  over,  or  even  remains  stationary  for  a  time,  until  it  is  taken  up 

kin  and  carried  along  with   the  central  current     A  few  white  corpuscles  are  con- 

ntly  seen  in  this  layer.     Thoy  move  along  slowly  and  apparently  have  a  tendency  to 

ihere  to  the  walls  of  the  vessel.     This  is  due  to  the  adliesive  character  of  the  surface  of 

be  white  corpuscles  as  compared  with  the  red,  which  can  easily  be  observed  in  examin* 

\  &  drop  of  blood  between  glass  surfaces,  the  red  corpuscles  moving  about  with  great 

icdity,  while  the  white  have  a  tendency  to  adhere. 

Great  differences  exist  in  the  character  of  the  flow  of  blood  in  the  three  varieties  of 

d^  which  are  nniler  ol)servation.    In  the  arterioles,  vrhich  may  be  distinguished  from 

►  eapillartes  by  their  size  and  the  presence  of  the  muscular  and  fibrous  coats,  tlie  move- 

tttml  Is  distinctly  remittent,  even  in  their  most  uilniito  ramificationa.     The  l>lo<xl  moves 

I  them  with  macij  greater  rapidity  than  in  either  the  capillaries  or  veins.     They  become 

RfMRAnt^lPKnch,  and  carry  the  bloud  always  in  the  direction  of  the  ca[)illaries. 

▼vmS^wMilli  are  relatively  larger  than  the  arteries,  carry  the  blood  more  slowly 

and  in  a  continuous  stream  from  the  capillaries  toward  the  heart.     In  both  the  arteries 

|ind  veins,  the  current  is  frequently  «o  rnpid  that  the  form  of  the  corpuscles  cannot  be 

Min^yrnished,     Only  a  portion  of  the  white  corpuscles  occupy  the  still  layer,  the  rest 

being  carried  on  in  the  central  current. 

The  circulation  in  the  tnie  capillaries  is  9ui  generic.  FTere  the  blocwl  is  distributed  in 
every  direction,  in  vessels  of  nearly  uniform  diameter  The  vessels  are  generally  so  small 
AS  to  admit  but  a  single  row  of  corpuscles,  which  move  almost  like  beings  endowed  with 
volition*  In  a  single  vessel,  a  line  of  corpuscles  may  be  seen  nioving  in  one  direction  at 
cfne  moment,  a  few  moments  after,  taking  a  directly  opposite  course.  Spallanzani, 
in  one  of  his  observations,  describes  the  following  phenomenon:  Two  single  rows  of 
corjiusrles,  passing  in  two  capillary  vessels  of  equal  nize,  were  directed  ti>ward  a  third 
capillary  vessel,  formed  by  the  union  of  the  two  others,  which  would  iKself  admit  hut  a 
angle  corpuscle.  The  corpuscles  in  one  of  these  vessels  seemed  to  hold  back  nntil  those 
fttxn  the  other  had  passed  in,  when  they  followed  in  their  turn.  When  tlie  cin  nlation  is 
normal,  the  movement  in  the  capillaries  is  always  quite  slow  as  compared  with  the  move- 
ment in  the  arterioles,  and  is  continuous.  Here,  at  last,  the  intermittent  impulse  of  the 
heart  is  lost.  The  corpuscles  do  not  necessarily  circulate  in  all  the  capilhiries  which  are 
in  the  field  of  view.  Certain  vessels  may  not  receive  a  corpuacle  for  some  time,  hut,  after 
A  while,  one  or  two  corpuscles  become  engaged  in  them  and  a  current  is  finally  estiiblished. 
Many  interesting  little  points  may  bo  noticed  in  examining  the  circulation  for  a  suffi- 
Dt  length  of  time.  A  corpuscle  is  frequj?ntly  seen  cnught  at  the  angle  where  a  vessel 
divides  into  two,  remaining  fixed  for  a  time,  dii^torted  and  bent  by  the  force  of  the  qar- 
rent.  ft  soon  becomes  released,  and,  as  it  enters  the  vessel,  it  regains  its  original  form. 
In  some  of  the  vessels  of  smallest  size,  the  corpuscles  are  slightly  deformed  as  tliey  pass 
through.  The  scene  is  changed  with  every  different  part  which  is  examined.  In  the 
ttvngue,  in  addition  to  the  arterioles  and  venules  with  the  rich  net-work  of  capillaries, 
Ld  'red  nerve-fibres  striated  muscnlar  fibres,  and  pavement-epithelium  can  he 

Id  od.     In  the  lungs,  the  view  is  very  beautiful     Large,  polygonal  air-cells  are 

erved,  bounded  by  capillary  vessels,  in  which  the  corpuscles  move  with  extreme 
tpidity.  It  has  been  observed  that  the  larger  vessels  are  crowded  to  their  utmost  capa- 
city with  corpuscles,  leaving  no  atill  hiyer  next  the  walls,  such  as  is  seen  in  the  circula- 
tion in  other  sitimtions. 


OIROULATfON  OF  THE  BLOOD. 

liHieii  the  circulation  has  been  for  a  long  time  under  obserratian,  bb  the  animal 

becomes  enfeebled^  very  interesting  changes  in  tbe  characttr  of  the  fluw  of  blood  take 
place.  The  contmuous  stream  in  tbe  smallest  vess«U  diminishes  in  rapidity,  and,  after  a 
timOi  when  the  contractions  of  the  heart  hav<j  become  infrequent  and  feeble,  the  blood  I 
is  nearly  arrested,  even  in  the  smallest  capillaries,  dnring  the  intervals  of  the  heart's  ' 
action^  and  the  current  becomes  remittent.  Aa  tbe  central  organ  becomes  more  and 
more  enfeebled,  tbe  circulation  becomes  intermittent^  and  tbe  blood  receives  an  impulse 
from  each  contraction,  remaining  stationary  during  the  intervals.  At  tliis  time,  the  cor- 
^oaciea  cease  to  occupy  exclnstvely  the  central  portion  of  the  vesselSf  and  the  clear  l^er  j 
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of  plasma  next  their  waUa,  which  was  observed  in  the  normal  circulation,  is  no  longer 
apparent.  Following  this,  there  ia  an  actual  oscillation  In  the  capillaries.  At  each  con* 
traction  of  the  heart,  the  blood  is  forced  onward  a  little  distance^  but  it  almost  immediately 
returns  to  about  its  former  position.  This  pbenomenon  has  long  been  observed  and  is 
explained  in  the  following  way :  As  tlie  heart  has  become  enteebled,  tbe  contractions 
are  so  infrequent  and  ineffectual,  that,  during  their  intervals^  the  constant  flow  in  the 
capillaries  is  entirely  arrested ;  for  the  arterial  pressure,  which  is  its  immediate  cause 
an*f  which  is  maintained  by  the  successive  charges  of  blood  sent  inio  the  arteries  at  each 
ventricular  systole,  is  lost  But,  as  the  blood  is  contained  in  a  connected  system  of  closed 
tubes,  the  feeble  impulse  of  tbe  heart  is  propagated  through  t!ie  vessels  and  pro<luces  a 
slight  impult4e^  even  in  the  smallest  cafdllaries.  which  dilates  them  and  forces  the  finid  a 
little  distance.  Aa  so<:m,  however,  as  the  heart  ceases  to  contract,  the  current  is  arre>fted, 
and  the  bloo<V  meeting  with  a  certain  amount  of  obstruction  from  the  fluid  in  tl»e  small 
veina,  which  are  still  farther  removed  from  the  heart,  ia  made  to  return  to  its  former 
poaltion.  This  phenomenon  continues  for  a  short  time  only,  for  the  heart  soon  loses  its 
contractility,  and  the  circulation  in  all  the  Tesaels  is  permanently  arrested. 

Sapidity  qfthe  Capillary  Circulatum. —The  circulation  in  the  capillaries  of  a  pari 
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ct  to  such  great  variations,  and  the  differences  in  different  sttoations  are  so  con- 
mderablef  Ihat  it  is  impossible  to  give  any  definite  rate  wliicb  will  represent  the  general 
piditj  of  tlie  capiUary  circnlation.  It  h  for  this  reason  that  it  has  been  found  imprac- 
t»te  to  estimate  the  capacity  of  the  capillary  tLS  compared  with  the  arterial  system, 
i  rapiditT  of  the  flow  of  blood  is  by  no  means  so  great  as  it  appears  in  microscopical 
dn&tioiia,  being,  of  course,  exa|;;;orated  In  proportion  to  the  magnifying  power 
"wplojed.  It  ia,  nevertheless,  to  microscopical  investigations  that  we  are  indebted  for 
ttieteantj  information  wo  possess  on  this  subject.  The  estimates  which  have  bc*en  made 
by  various  observers  refer  generally  to  cold-blooded  animals  and  have  been  arrived  at  by 
Qply  calculating  the  time  occupied  by  a  blood -corpuscle  in  passing  over  a  certain  dis- 
Bce»  UaleAi  who  was  the  first  to  investigate  thir^  question,  estimated  tlmt,  in  the  frog, 
■•  corpuscle  moved  at  the  rate  of  an  inch  in  ninety  seconds.  The  estimates  of  Weber  and 
Valentin  are  considerably  higher,  being  about  one-tiftieth  of  an  inch  per  second.  Volk- 
iBinn  calculated  the  rapidity  in  the  mesentery  of  the  dog,  which  would  approximate 
ffliore  nearly  to  the  human  subject,  and  found  it  to  be  about  OQe-tbirtietli  of  an  inch 
per  second.  Vierordt  made  a  number  of  curious  observations  upon  liirn^elf,  by  which 
he  profMsed  to  be  able  to  estimate  the  rapidity  of  the  circulation  in  the  little  vessels  of 
the  eye*  He  states  that  when  the  eye  is  fatigued^  and  sometimes  when  the  nervous 
ijstem  is  disordered,  compression  of  tiie  globe  in  a  certain  way  will  enable  one  to  see 
A  earrent  like  that  in  a  capillary  plerus.  This  ho  believed  to  be  the  capillary  eircula- 
tioD,  and,  by  certain  calculations,  lie  formed  an  estimate  of  its  rapidity,  putting  it  at  from 
one-fortieth  to  one-twenty-eighth  of  an  inch  [ler  second.  Tlie  latter  figure  accords  pretty 
nearly  with  the  observations  of  Volkmann  upon  tiio  dog.  How  far  these  observations 
ire  to  bo  relied  upon,  it  is  impossible  to  say.  Certainly  no  great  importance  would  be 
attached  to  them  if  they  did  not,  in  their  results,  approximate  to  the  estimates  of  Volk- 
mann, which  probably  represent,  more  nearly  than  any,  tlie  rapidity  of  tlie  current  in 
!he  capillaries  of  the  human  subject.  After  what  has  been  said  of  the  variations  in  the 
capillary  circulation,  it  is  evident  that  the  foregoing  estimates  are  by  no  means  t^^  be 
roQsidered  exact. 

Relatiom  qfthe  Capillary  Circulation  to  Eeipiration. — In  treating  of  the  influence 
of  respiration  upon  the  action  <if  tlie  heart,  the  arterial  pressure,  pulse,  etc.,  it  has  already 
been  stated  that  non-aernted  blood  cannot  circulate  freely  in  the  capillaries,  Variona 
id^es  with  regard  to  the  effects  of  asphyxia  upon  the  circulation  have  been  advanced, 
which  will  be  again  discussed  in  connection  with  respiration.  The  fact  is  evident  that 
arrest  of  respiration  produces  arrest  of  circulation.  This  is  ordinarily  attributed  to  an 
irajjiediment  to  the  passage  of  blood  through  the  lungs  when  tliey  no  longer  contain  the 
proper  quantity  of  oxygen.  This  view  is  entirely  theoretical  and  has  been  disproved  by 
tx{>criment^  dating  more  than  half  a  century  ago.  In  1789,  Goodwyn  advanced  the 
theory  that,  in  asphyxia,  the  blood  pasises  through  the  lungs  but  is  incapable  of  exciting 
contractions  in  the  left  ventricle,  Bicliat,  in  his  celebrated  essiiy  **  Sur  la  vie  et  la  mort,^^ 
IH05,  proved  by  experiment  that  black  blood  passes  through  the  lungs  in  aspbyxiu  and  is 
fonnd  in  tlie  arteries.  His  theory  was  that  uon-aCrated  blond,  circulating  in  the  caijilla- 
m#of  the  nervous  centres,  arrests  their  fimction,  thus  acting  indirectly  upon  the  circu- 
klioQ ;  and  that  finally  the  heart  itself  is  paralyzed  by  the  circulation  of  black  blood  in 
its  rab^tance. 

The  immediate  effects  of  asphyxia  upon  the  circidation  are  referable  to  the  general 

ipillary  i^ystem.     This  fact  we  demonstrated  conclusively  by  experiments  upon  the  frog, 

Bhlished  in  1867.     In  these  experiment.^,  the  mcdidla  oblongata  was  broken  up,  and  the 

'  >  of  the  foot  was  submitted  to  microscopical  examination.     This  operation  does  not  in- 

fere  with  the  circulation,  which  may  bo  observed  for  hours  without  difficulty.     The  cu- 

Uneons  eurfiice  was  then  coated  with  collodion,  care  only  being  taken  to  avoid  the  web 

onderobeenration.    The  effect  on  the  circulation  was  immediate.    It  instantlv  became  less 
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rapid,  until,  at  the  expiration  of  twenty  minutes,  it  had  entirely  ceased.  The  entire 
coating  of  collodion  was  then  instantly  peeled  off.  Qaite  a  rapid  circulation  immediately 
commenced,  but  it  soon  began  to  decline  and  in  twenty  minutes  had  almost  ceased.  In 
another  observation,  the  coating  of  collodion  was  applied  without  destroying  the  medulla. 
The  circulation  was  affected  in  the  same  manner  as  before  and  ceased  in  twenty-five 
minutes.  These  experiments,  taken  in  connection  with  observations  on  the  influence  of 
asphyxia  upon  the  arterial  pressure,  conclusively  show  that  non-adrated  blood  cannot 
circulate  freely  in  the  systemic  capillaries.  Venous  blood,  however,  can  be  forced 
through  them  with  a  syringe,  and,  even  in  asphyxia,  it  slowly  filters  through.  If  air  be 
admitted  to  the  lungs  before  the  heart  has  lost  its  contractility,  the  circulation  is  restored. 
No  differences  in  the  capillary  circulation  have  been  noticed  accompanying  the  ordinary 
acts  of  inspiration  and  expiration. 

Causes  of  the  Capillary  Circulation. — ^The  contractions  of  the  left  ventricle  are  evi- 
dently capable  of  giving  an  impulse  to  the  blood  in  the  smallest  arterioles;  for  a  marked 
acceleration  of  the  current  accompanying  each  systole  can  be  distinguished  in  ali  but  the 
true  capillaries.  It  has  also  been  shown  by  experiments  after  death,  that  blood  can  be 
forced  through  the  capillary  system  and  returned  by  the  veins  by  a  force  less  than  that 
exerted  by  the  left  ventricle.  This,  however,  cannot  rigidly  be  applied  to  the  natural 
circulation,  as  the  smallest  arteries  are  endowed  during  life  with  contractility,  which  is 
capable  of  modifying  the  blood-current.  Dr.  Sharpey  adapted  a  syringe,  with  a  hsema- 
dynamometer  attached,  to  the  aorta  of  a  dog  just  killed,  and  found  that  fresh  defibrinated 
blood  could  bo  made  to  pass  through  the  double  capillary  systems  of  the  intestines  and 
liver,  by  a  pressure  of  three  and  a  half  inches  of  mercury.  It  spurted  out  at  the  vein  in 
a  full  jet  under  a  pressure  of  five  inches.  In  this  observation,  the  aorta  was  tied  juat 
above  the  renal  arteries.  The  same  pressure,  the  ligature  being  removed,  forced  the' 
blood  through  the  capillaries  of  the  inferior  extremities.  This  is  much  less  than  the  arte- 
rial pressure,  which  is  equal  to  from  five  and  a  half  to  six  inches  of  mercury. 

It  is  thus  seen  that  the  pressure  in  the  arteries  which  forces  the  blood  toward  the 
capillaries  is  competent,  unless  opposed  by  excessive  contraction  of  the  arterioles,  not  only 
to  cause  the  blood  to  circulate  in  these  vessels,  but  to  return  it  to  the  heart  by  the  veins. 
This  fact  is  so  evident,  tliat  it  is  unnecessary  to  discuss  the  views  of  Bichat  and  some 
others,  who  supposed  that  the  action  of  the  heart  had  no  effect  upon  the  capillary  circu- 
lation. It  must  be  admitted  that  this  is  its  prime  cause ;  and  the  only  questions  to  be 
considered  are,  first,  whether  there  be  any  reason  why  the  force  of  the  heart  should  not 
operate  on  the  blood  in  the  capillaries,  and  second,  whether  there  be  any  force  in  these 
vessels  which  is  superadded  to  the  action  of  the  heart.  The  first  of  these  questions  is 
answered  by  microscopical  observations  on  the  circulation.  A  distinct  impulse,  follow- 
ing each  ventricular  systole,  is  observed  in  the  smallest  arteries ;  the  blood  flows  from 
them  directly  and  freely  into  the  capillaries ;  and  there  is  not  the  slightest  ground  for 
the  sui)position  that  the  force  is  not  propagated  to  this  system  of  vessels. 

Various  writers  have  supposed  the  existence  of  a  "  capillary  power,"  which  they  have 
regarded  as  of  greater  or  less  importance  in  producing  the  capillary  circulation.  The 
ideas  of  some  are  purely  theoretical,  but  others  base  tfceir  opinion  on  microscopical 
observations.  These  views  do  not  demand  extended  discussion.  There  is  a  force  in 
operation,  the  action  of  the  heart,  which  is  capable  of  producing  the  capillary  circula- 
tion ;  and  there  is  nothing  in  the  phenomena  of  the  circulation  in  these  vessels,  which  is 
inconsistent  with  its  full  operation.  Under  these  circumstances,  it  is  unphilosophical  to 
invoke  the  aid  of  the  currents  produced  in  capillary  tubes  in  which  liquids  of  different 
characters  are  broujrht  in  contact,  or  a  "  capillary  power ''  dependent  upon  a  so-called 
vital  nutritive  attraction  between  the  tissues  and  the  blood,  unless  we  do  it  on  the  basis 
of  phenomena  observed  in  the  capillaries  when  the  action  of  the  heart  is  suppressed. 
When  the  heart  ceases  its  action,  movements  in  the  capillaries  are  sometimes  due  to  the 
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contnurtionA  of  the  arteries,  a  property  which  baa  already  been  fully  considered.  Move- 
Bents  which  have  been  observeil  in  membranes  delacljed  from  the  body  are  doo  to  the 
uens  emptying  of  the  divided' vesiieU  or  to  sim|de  gnivitiition.  It  must  be  remembered 
thmtf  in  m^icroBCopical  examinations,  the  movements  ubs^erved  are  immensely  exaggerated 
hj  the  ma^tfying  power,  and  we  receive,  at  first  sights  an  erroneous  impression  of  their 
lidity.  The  movements  uf  the  bloLMi  in  detached  membranes,  due  merely  to  gravitation, 
ive  be«]i  so  satis^xetorily  explained  by  the  experiments  of  PoiseuiUe,  that  it  is  deemed 
to  refer  to  tlie  observations  of  those  who  have  attributed  this  phenomenon 
to  other  canses. 

Physiologists  who,  like  Bicfiat,  have  been  nnable  to  explain  the  local  variations  in  the 
alary  circulation  without  the  intervention  of  a  force  resident  in  these  vessels  or  In  the 
rouTouDding  tissnes,  have  not  appreciated  the  action  of  the  arterioles.  These  little  vesaela 
m  endowed  to  an  eminent  degree  with  contractility  and,  by  the  contractions  anfl  relaxa- 
tions of  their  muscular  walls,  they  regulate  the  supply  of  blood  to  the  capillaries  of  in- 
(Jividnal  parts.  Their  action  is  competent  to  produce  all  the  variations  which  are  ob- 
ierved  in  the  capillary  circulation. 

It  b  evident,  then,  that  the  arterial  pressure^  whieh  la  itself  derived  from  the  action 

L^  the  heart,  is  competent  to  produce  tlie  circulation  of  the  blood,  as  we  observe  it,  with 

rtii  it«  variations,  in  the  capillary  vessels;  that  there  is  no  evidence  of  the  intervention  of 

any  uther  force ;  but,  on  the  contrary,  micruscopical  observations  and  experiments  on  the 

itt^riea  and  veins,  thus  far,  show  that  there  is  no  other  force  in  operation. 

It  has  been  asserted  that  there  is  a  circulation  of  the  blood  in  the  area  vaacnlosa,  the 
ijtmt  blood-vessels  that  are  developed,  before  the  heart  is  formed;  but  there  are  no  definite 
reliable  observations  which  show  that  there  is  any  regular  movement  of  the  blood, 
rhich  can  be  likened  to  the  circulution  as  it  is  observed  after  the  development  of  the 
beart,  anterior  to  the  appearance  of  a  contractile  central  organ.  Another  example  of 
what  IB  snpposed  to  be  circulation  without  the  intervention  of  the  heart  is  in  cjises  of 
•cardiac  fa&tnses.  Monsters  without  a  heart,,  whieh  have  undergone  considerable  develop- 
nent  and  which  present  systems  of  arteries,  capillaries,  and  veins,  have  been  described. 
All  of  tliese,  however,  arc  accompanied  by  a  twin,  in  which  the  development  of  the  cir- 
tmlatory  system  Is  quite  or  nearly  perfect, 

Inflmnet  0/  Temperature  on  the  UapiUary  Circulation. — Within  moderate  Hmita,  a 
'  temperature,  induced  by  local  applications,  has  been  found  to  diminish  the  quantity 
blood  sent  to  the  capillaries  and  retard  the  circulation,  while  a  high  terapeniture 
the  supply  of  blood  and  accelerates  its  current.  The  mechanism  of  this  is 
Wtifaily  shown  by  the  experitjients  of  Poiseuille.  This  observer  found  that  when  a 
Ifrifice  of  ice  was  applied  to  the  web  of  a  frng^s  foot,  the  mesentery  of  a  small  warm-blooded 
J^  or  to  any  part  in  which  the  capillary  circulation  can  bo  observed,  the  number  of 
corpiticles  circulatiog  in  the  arterioles  became  very  much  diminished,  *Hhose  which  car- 
ried two  or  three  rows  of  corpuijcles  giving  passage  to  but  a  single  row/'  The  circulation 
in  the  capillaries  first  became  slower  and  then  entirely  ceased  in  parts.  On  removing 
the  ice,  in  a  very  few  minutes  the  circulation  regained  its  former  characters.  If,  on  the 
other  hand,  the  part  be  covered  with  water  at  104''  Fabr,,  the  rapidity  of  the  current  in 
the  capillaries  is  so  much  increased  that  wo  can  hardly  distinguish  the  form  of  the  cor- 
puscles. 


I/\fiuenee  of  Direct  Irritation   vpon  the  Capillary   Circvlation, — Experiraental  re- 

chca  on  the  effects  of  direct  irritation  of  tbe  capillaries,  in  parts  where  the  circulation 

,  be  observed  microscopically,  have  been  qitite  numerous  since  Tliompson  studied  the 

r^ffbets  of  saline  solutions  on  the  web  of  the  frog's  foot,  in  1J^13,     Tbe  most  noticeable 

papers  on  this  subject  are  those  of  Dr.  Wilson  Philip  and  Mr.  Wharton  Jones.    The  latter 

iper,  which  receiv-ed  the  Astley  Cooper  prize  for  1850,  is  bused  on  very  extended  and 
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carefully-conducted  observations,  in  which  the  author,  by  means  of  Tarions  irritants, 
succeeded  in  prodacing  very  curious  and  interesting  phenomena,  which  he  regarded  as 
inflammatory.  It  is  not  oar  object  to  discuss  the  nature  of  inflammation  or  to  treat  of  the 
changes  in  the  character  of  the  capillary  circulation  which  are  supposed  to  attend  this 
condition,  as  this  subject  is  entii^ely  pathological ;  but  it  must  be  remembered,  in  con- 
sidering the  effects  of  direct  irritation  on  the  capillary  circulation,  that  the  phenomena 
thus  observed  in  cold-blooded  animals  cannot  be  taken  as  absolutely  representing  the 
characters  of  inflammation  in  the  human  subject.  When  an  irritation  is  applied  to  a 
transparent  part,  the  phenomena  observed  may  be  due  to  many  causes,  as  the  direct 
effects  upon  the  contractile  elements  of  the  blood-vessels,  reflex  action  through  the 
nervous  system,  and  the  direct  influence  of  the  application  upon  the  constitution  of  the 
blood.  Saline  or  other  fluids  are  competent  to  modify,  to  a  very  considerable  extent,  the 
composition  of  the  blood,  when  separated  from  it  only  by  the  thin,  permeable  walls  of  the 
vessels ;  and  the  phenomena  which  follow  their  application  are  necessarily  very  complex. 
The  process  of  inflammation  is  by  no  means  completely  understood ;  but  it  is  pretty  gen- 
erally acknowledged  to  be  a  modification  of  nutrition.  We  are  hardly  prepared  to  admit 
that  this  modification,  whatever  it  may  be,  can  be  induced  under  our  very  eyes,  simply 
by  the  application  of  irritants.  With  these  views,  microscopical  researches  on  the  "  state 
of  the  blood  and  blood-vessels  in  inflammation  ^*  do  not  assume  the  importance  which  is 
attributed  to  them  by  many  authors.  Keeping  this  in  mind,  we  may  state  the  following 
as  a  summary  of  the  phenomena  which  have  been  observed  in  the  capillary  circulation, 
as  the  result  of  irritation  applied  to  transparent  parts : 

The  application  of  the  irritant  is  immediately  followed  by  constriction  of  the  arterioles 
and  diminution  in  the  rapidity  of  the  current  in  them  as  well  as  in  the  capillaries. 

This  constriction  of  the  vessels  is  but  momentary,  if  a  powerful  irritant,  like  a  very 
strong  solution  of  a  salt,  be  used.  It  is  followed  by  a  dilatation  of  the  vessels  and  an 
increase  in  the  rapidity  of  the  circulation. 

Soon  after  the  vessels  have  become  dilated,  the  rapidity  of  the  circulation  becomes 
progressively  diminished,  until  oscillation  of  the  blood  in  the  vessels  takes  place,  which 
occurs  when  the  circulation  is  about  to  cease.  This  oscillation  finally  gives  place  to  com- 
plete stagnation ;  and  the  vessels  become  crowded  with  blood,  so  that  the  transparent 
layer  next  their  walls  is  no  longer  observed.  In  this  condition,  it  has  often  been  noticed 
that  the  proportion  of  colorless  corpuscles  is  increased. 

Following  the  contraction  and  subsequent  dilatation  of  the  vessels,  there  are  stasis  and 
engorgement  of  the  parts  which  have  been  exposed  to  irritation.  If  the  irritation  be 
discontinued,  this  condition  is  gradually  relieved,  and  the  blood  resumes  its  normal 
current. 

In  inflammation,  as  it  is  observed  in  the  coiyunctiva  and  in  other  vascular  parts,  there 
unquestionably  is  congestion  of  the  vessels ;  but  there  is  no  positive  evidence  of  stagnation 
of  blood  in  the  parts  as  a  constant  occurrence.  The  circulation  seems,  indeed,  to  be  more 
active  than  in  health.  With  regard  to  the  microscopical  phenomena  just  mentioned,  the 
contraction  of  the  arterioles  is  simply  the  effect  of  a  stimulus  upon  their  muscular  coats  ; 
and  dilatation  takes  place  probably  in  consequence  of  the  excessive  contraction,  for  it  has 
been  sliown  that  this  condition  of  the  muscular  fibres  is  pretty  constantly  followed  by 
unusual  relaxation.  It  has  never  yet  been  determined  how  far  the  stasis  of  the  blood  is 
due  to  an  osmotic  action  of  solutions  employed  in  the  experiments. 

Circulation  of  the  Blood  in  the  Veins, — The  blood,  distributed  to  the  capillaries  of  all 
the  tissues  and  organs  by  the  arteries,  is  collected  from  these  parts  in  the  veins  and 
carried  back  to  the  heart.  In  studying  the  anatomy  of  the  capillary  system  or  in  ob- 
serving the  passage  of  the  blood  from  the  capillaries  to  larger  vessels  in  parts  of  the 
living  organism  which  can  be  submitted  to  microscopical  examination,  it  is  seen  that  the 
capillaries,  vessels  of  nearly  uniform  diameter  and  anastomosing  in  every  direction,  give 
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igiD,  SO  to  Apeak,  to  a  system  of  vessels,  which,  bj  tinioD  with  other?  as  we  follow  their 

b^ecoiue  larger  and  larger,  and  carry  the  hlood  away  in  a  iiDil'orni  current.     These 

called  the  venules,  or  veuous  rtidicles.      They  are  the  peripheral  radiclea  of  the 

nerond  vessels  which  transport  the  hlood,  after  it  has  served  the  purposes  of  nutrition 

'  secretion,  to  the  central  organ. 

The  venooa  sTBtem  may  be  considered,  in  general  terms,  as  divided  into  two  seta  of 

one,  which  is  deep-seated  and  situuted  in  proximity  to  the  arteries,  and  the 


'--.■-^, 


?**^^ 


[  IM.  4a,^  Vlmntt  ntdic\  •> ,  from  fht>  mwkcftlar  ctKit  0/ (he  urimtrif  hl4tdd*r  f^  ths 

J^i  moffmijttd  410^^  .  <i  tnken  at  tUo  United  5Ut««  ArtDf  Medlc&l  Mu«cuin.) 

Tbh  pfvpAistioo  ibovs  tliu  cpiLLtUuui  uf  tlic  vv^stU.    It  1^  iD]«cU'd  vf\th  Dltnte  of  &Uver,  stained  with  cu-miiie, 

and  moaDted  in  CatLitdfl  babam. 

otlicr,  which  is  superficial  and  receives  for  the  most  part  the  hlood  from  the  cutaneous 

yforface.     The  entire  capacity  of  these  vessels,  an  compared  with  thnt  of  the  arteries,  is 

^y  great    As  a  general  rule,  each  vein,  when  fully  distended,  is  larger  than  its  adjacent 

ery.     Many  arteries  are  accompanied  by  two  vein*^,  as  the  arteries  of  the  extremities; 

rhile  certain  of  them,  like  the  brachial  nr  spermatic,  hare  more  than  two.     Added  to 

these  is  the  superficial  system  of  veins  which  have  no  corresponding  nrtones.     It  is  true 

that  sftnie  arteries  have  no  corresponding  veins,  but  examples  of  this  kind  arc  not  suffi- 

riently  numerous  to  diminish,  in  any  marked  degree,  the  great  preponderance  of  the  veins, 

ijioih  in  number  and  volume.     It  is  impossible  to  give  an  accurate  estimate  of  the  extreme 

ipacity  of  the  veins  as  compared  with  the  arteries;  but,  from  the  best  in  formation  we 

tave,  it  is  several  times  greater,     Borelli  estimated  that  the  capacity  of  the  veins  was  to 

the  capacity  of  the  arteries,  as  4  to  1 ;  and  Haller,  as  S^  to  L     The  proporticin  is  very 

variable  tn  different  parts  of  the  body.     In  some  situations  the  capacity  of  the  veins  and 

ftfterica  i*  about  equal ;  while  in  others,  as  in  the  pia  mater,  the  veins  will  contain,  when 

fully  distended,  sis  times  aa  much  as  the  arteries. 
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Tn  attempting  to  compare  the  quiiDtity  of  blood  noraiallj  drcalating  in  the  vemg  with 
that  contained  in  the  arteries^  we  find  such  variations  in  the  venous  system  at  different 
times  and  in  different  parts,  both  In  the  quantity  of  blood,  rapidity  of  circulation,  [iressnre, 
etc.^  that  a  detinite  estimate  is  impossvljle.  It  woidd  be  nn philosophical  to  attempt  even 
an  approximate  comparison,  as  the  variations  in  the  venous  cinmlntion  constitute  on©  of 
its  greatest  and  moist  important  [^hysiolo'^ical  peculiarities,  which  must  be  fully  appreriated 
in  order  to  form  a  ju.Ht  uiea  of  the  function  of  the  veins.  The  artenes  are  alwavs  full, 
and  their  tension  is  stibject  to  comparatively  shjrht  variations.  Following  the  blood  into 
the  capillaries,  we  observe  the  immense  modili cations  in  the  circulation  with  varying  physi* 
ological  conditions  of  the  parts,  to  which  we  have  already  referred.  As  would  naturally  be 
expected,  the  condition  of  the  veins  varies  with  the  changes  in  the  capillaries,  from  which 
the  blood  is  taken.  Id  addition  t^o  this,  there  are  independent  variations,  as  in  the  erectile 
tissues,  in  the  veins  of  the  alimentary  canal  during  absorption,  in  veins  subject  to  press- 
ure, etc. 

Following  the  veins  in  their  course^  it  is  observed  that  anastomoees  with  each  other 
fonn  the  rule,  and  not  the  exception  as  in  the  arteries.  There  are  always  a  nimiher  of 
channels  by  which  the  bhjod  may  be  returned  fnjm  a  part;  and,  if  one  vessel  be 
obstructed  from  any  cause,  the  current  is  simply  diverted  into  another.  The  veins  do 
not  present  a  true  anastomosing  plexus,  such  as  exists  in  the  capillary  system,  birt  simply 
an  aiTangement  by  which  the  blood  can  readily  find  its  way  back  to  the  heart,  and  by 
which  the  vessels  may  accommodate  themselves  to  the  immense  variations  in  the  qnan^ 
tity  of  their  fluid  contents.  This,  with  the  peculiar  valvular  arrangement  which  exists 
in  all  but  the  veins  of  the  cavities,  provides  agairiBt  obstruction  to  the  flow  of  blood 
through,  as  well  as  from  the  capillaries,  in  whieh  it  seems  essential  to  the  [jrojier  nutri- 
tion and  function  of  parts  that  the  quantity  rind  course  of  the  blood  should  be  regulated 
exclusively  through  the  arterial  system.  Special  allusion  to  the  different  venous  anas- 
tomoses belongs  to  descHptive  anatomy.  Physiologically,  the  communications  between  the 
different  veins  are  such  tliat  the  blood  can  always  find  a  way  to  the  heart,  antl,  once 
fairly  out  of  the  capillaries,  it  cannot  react  and  influence  the  circulation  of  fresh  blood 
in  the  tissues. 

Collected  in  this  way  from  all  parts  of  the  body,  the  blood  is  returned  to  the  rigfai 
auricle^  from  the  bend  and  upper  extremities  by  the  superior  vena  cava,  from  the  trunk 
and  lower  extremities,  by  the  inferior  vena  cava,  and  from  the  substance  of  the  heart,  by 
the  coronary  veins. 

Structure  mid  FropertieM  of  the  TVim,— The  stmctnre  of  the  veins  Is  somewhat  more 
complex  and  difficult  of  stndy  than  that  of  the  arteries.  Their  walls,  which  are  always 
much  thinner  than  the  walls  of  the  arteries,  may  he  divided  into  quite  a  nuruber  of 
layers;  but,  for  convenience  of  physiological  description,  we  shall  regard  them  as  pre- 
senting three  distinct  coats.  Tliese  have  properties  which  are  tolerably  distinctiFe, 
oHbongh  not  as  much  so  as  the  three  coats  of  the  arteries. 

The  internal  cont  of  the  veins  is  a  continuation  of  the  smgle  coat  of  the  capillaries  \ 
and  of  the  int<*rnal  coat  of  the  art-cries.     It  is  a  simple,  homogeneous  membrane,  some- 
what  thinner  than  in  the  arteries,  lined  by  a  delicate  layer  of  polygonal  e[)ithelium. 

The  middle  coat  is  divided  by  some  into  two  layers;  an  internal  layer,  which  is  com- 
posed chiefly  of  longitudinal  fibres,  and  an  external  layer,  in  which  the  fibres  have  a 
circular  direction.  These  two  layers  are  intimately  adherent  and  are  quite  closely 
Attached  to  the  internal  coat.  The  loni^^itndinal  fibres  are  composed  of  connective- tissue 
flbrev^  mingled  witli  a  large  nuitiber  of  the  smallest  variety  of  the  elastic  fibres.  This 
layer  contains  a  large  number  of  capillary  vessels  (vasa  vasorum).  The  circular  fibres 
are  composed  of  elastic  tissue,  some  of  the  fibres  of  the  same  variety  as  is  found  in  the  \ 
longitudinal  layer,  some  of  medium  size,  and  eome  in  the  fonn  of  the  **  fenestrated  mem- 
brane.'^    In  addition,  there  are  inelastic  fibres  interlacing  in  every  direction  ond  mingled  | 
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with  capill&f J  blood-vessels^  and  the  uustriped  or  involuDtarj  muscular  fibres.  In  tbe 
btUDAXi  subject,  In  the  veins  of  the  dura  aod  pia  mater,  the  bones,  and  tb*?  retiaa,  the 
veiw  cava  deecendens,  tbe  thoracic  portion  of  tbe  vena  cava  ascendens,  tbe  external  and 
iolema]  jugular^  and  tbe  subclavian  veins,  there  are  no  muscular  tibres  in  tbe  inidclle  coat. 
In  tht*  larger  veins,  such  as  tbe  abdominal  vena  cava^  the  iliac,  crural,  popliteal^  mesen- 
teric, and  axillarjr  veins^  tbe  fibres  are  both  circular  and  transverse.  In  the  smaller 
?^xi%  the  fibres  are  cirt^ulur, 

Tbe  external  coat  of  tbe  veins  is  composed  of  white  fibrous  tissue,  like  the  cor* 
ling  coat  of  the  arteries.  In  the  largest  veins,  particularly  those  of  the  abdominal 
'ttvity^  this  coat  contains  a  layer  of  longitudinal  unstriped  inuseular  fibres.  In  tJje  veins 
ocar  the  heart,  are  found  a  few  striated  tihros^  which  are  continued  on  to  the  veins  from 
ihe  auricle*.  In  some  of  the  interior  animals,  as  the  turtle,  these  fibres  are  quite  thick, 
and  pulsation  of  the  veins  in  the  iniraediute  vicinity  of  the  heart  is  very  marked.  In 
nearly  all  veins,  tbe  external  cotit  is  several  tiiueri  thicker  than  the  internal.  This  is 
most  marked  in  tbe  larger  veins,  in  which  the  middle  LH>at,  particularly  the  layer  of 
moscnlar  fibres^  is  very  slightly  developed. 

In  what  are  called  the  venous  sinases,  and  in  the  veins  which  pass  throui^li  bony 
tissue,  we  have  only  the  internal  coat,  to  which  are  superadded  a  few  longitudinal  fibres^ 
Urn  whole  being  closely  attached  to  the  surrounding  parts.  As  examples  of  this,  may  be 
mentioned  the  sinuses  of  the  dura  mater  and  the  veins  of  the  large  bones  of  the  skull. 
In  the  first  instance,  there  is  little  more  than  the  interna!  coat  of  the  vein  firmly  attached 
to  tlie  surrounding  layers  of  the  dura  mater.  In  the  second  instance,  the  same  thin  mem- 
brane is  adherent  to  canak  formed  by  a  layer  of  compact  bony  tissue.  Tbe  veins  are 
much  more  closely  adherent  to  the  surrounding  tissues  tlian  the  arteries,  particularly 
when  they  pasa  between  layers  of  aponeurosis, 

Tbe  above  peculiarities  in  the  anatomy  of  the  veins  indicate  considerable  differences 
m  their  properties  as  compared  with  the  arteries.  When  a  vein  is  cot  across,  its  walla 
fall  together,  if  not  supported  by  adhesions  to  surround in^:  tiss^ues,  so  that  its  caliber  is 
nearly  or  quite  obliterated.  The  yellow  elastic  ti-i?*ue,  wldch  give?  to  the  larger  arteries 
their  great  thickness,  is  very  scanty  in  the  veins,  and  the  Oiin  walls  collnpse  when  not 
iottained  by  liquid  in  the  interior  of  tbe  vessels.  Whenever  the  veins  remain  open  after 
leetion,  it  is  on  account  of  their  attachment  to  surrounding  tissues  and  is  not  due  to 
the  rigidity  of  the  vessels  themselves. 

Although  with  much  thinner  and  apparently  weaker  walls,  the  veins,  as  a  rule,  will 
resist  a  greater  pressure  than  the  arteries.  Observations  on  the  relative  ^strength  of 
the  arteries  and  veins  were  made  by  Hales,  but  the  most  extended  experiments  on  the  ' 
iobject  were  made  by  Clifton  Wintringhara,  in  1740.  Tbe  httter  observer  ascertained 
that  the  inferior  vena  cava  of  a  sheep,  just  above  tbe  opening  of  the  renal  veins,  was  rup- 
tured by  a  pressure  of  one  hundred  and  seventy-six  pounds,  while  the  aorta,  at  a  corre- 
sponding point,  yielded  to  a  pressure  of  one  hundred  and  fifty-eight  pounds.  The 
ilrength  of  tbe  portal  vein  was  even  greater,  supporting  a  pressure  of  nearly  five  atmos- 
^ere«,  bearing  a  relation  to  the  vena  cava  of  six  to  five;  yet  these  vessels  bad  hardly 
oot-fiilh  the  thickness  of  the  arteries.  In  the  lower  extremities  in  the  human  subiect,  the 
veins  are  much  thicker  and  stronger  than^  in  other  situations,  a  proviMon  against  the 
ioereaied  pressure  to  which  they  are  habitually  subjected  in  the  upright  posture.  Win- 
tringham  noticed  one  singular  exception  to  the  general  rule  just  given.  In  the  vessels  of 
the  glands  and  of  tbe  spleen,  tbe  strength  of  tbe  arteries  was  much  greater  than  that  of 
tlje  veins,  Tbe  splenic  vein  gave  way  under  a  pressure  of  little  more  than  one  atmos* 
phere,  while  the  artery  supported  a  pressure  of  more  than  six  atmospheres. 

A  little  reflection  on  the  influences  to  wliii^h  the  venous  iind  arterial  circulation  are 
subject  will  enable  ns  to  understand  tbe  physiological  importance  of  the  great  difference 
in  the  strength  of  the  two  varieties  of  vessels.  It  is  true  that  in  the  arterial  system  the 
constant  pressure  is  greater  than  in  the  veins;  but  it  is  nearly  the  same  throughout  tbe  or 
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terial  system,  and  the  immense  exteot  of  the  outlet  into  tlie  capillarj  aystera  pro 
agaioBt  any  very  great  increase  in  pressure,  so  Ion|^  a^^  the  blood  is  in  a  condition  whicli 
enables  it  to  pass  into  the  capillancs*  The  muscular  fibres  of  the  left  ventricle  have  but 
a  limited  power,  and  when  the  pressure  in  the  arteries  is  so  great,  as  it  sometimes  m  in,; 
asphyxia,  as  to  close  the  aortic  valves  so  firmly  that  the  force  of  the  ventricle  will  not 
open  them,  it  cannot  be  increased.  At  the  same  time,  it  is  being  gradually  relieved  by  the 
capilUries,  through  which  the  blood  slowly  filters,  even  when  eon)|»letely  unaCrated*  AVith 
the  veins  it  is  different  The  blood  has  a  comparatively  restricted  outlet  at  the  heart  and 
U  received  by  the  capillaries  from  all  parti?  of  the  M**item.  The  vessels  are  provided  with 
numerous  valves,  which  render  a  geiteral  backward  aeljon  iin]>o»j*ible.  Thus,  restricted 
liortioDd  of  the  venous  system,  from  prejssure  in  the  vessels,  increjise  of  fiuid  trom  absorp- 
tion, accumulation  by  force  of  gravity,  and  otfier  causes,  may  be  subjected  to  great  and 
sudden  variations  in  pressure.  The  great  strength  of  these  vessels  enables  them  ordina- 
rily to  suffer  these  variations  without  injury ;  although  varicose  veins  in  various  partfl 
pres^ent  examples  of  the  effects  of  repeated  and  continued  djatention. 

The  veins  [MDsrfess  a  considerable  degree  of  eksticity,  altliough  this  property  is  not  so  M 
marked  as  it  is  in  the  arteries.     If  we  include  between  two  ligatures  a  portion  of  a  veinW 
distended  with  blood  and  make  a  small  opening  in  the  vessel,  tlie  blood  will  be  ^ected 
with  some  force,  and  the  vessel  becomes  very  much  reduced  in  caliber. 

It  has  been  proven  by  direct  experiment  that  the  veins  are  endowed  with  the  pecaliar 
contractility  characteristic  of  the  action  of  the  nnstriped  muscular  fibres.  On  the  application 
of  galvanic  or  lueclianical  excitation,  they  contract  slowly  and  gradually,  the  contraction 
being  followed  by  a  correspondingly-gradual  relaxation.  There  is  never  any  rhythmical 
or  peristaltic  movement  in  the  veins,  sufBcIent  to  assist  the  circulation.  The  only  regular 
movements  which  occur  are  seen  in  the  vessels  in  immediate  proximity  to  the  right 
auricle,  which  are  provided  with  a  few  fibres  siniilar  to  those  which  exist  in  the  walls  of 
the  heart. 

Nerves,  chiefiy  from  the  sympathetic  system,  have  been  demonstrated  in  tJie  walls  of 
the  larger  veins  but  have  not  been  fullowed  out  to  the  smaller  ramifications. 


Vahet  of  fAiS  V^im. — The  discovery  of  the  vnlves  of  the  veins  has  already  been 
alluded  to  in  connection  with  the  history  of  the  discovery  of  the  circulation.  They  had 
undoubtedly  been  observed  in  variotas  parts  of  the  venous  system,  but  Fabrieius,  the 
greatest  anatomist  of  his  day,  had  the  good  fortune  to  demonstrate  them  to  his  illustrious 
pupil,  William  Harvey,  whose  immortal  discovery  indicated  their  physiological  importance. 
Being  ignorant  of  the  observations  of  his  predecessors  on  this  subject,  Fabrlcius  an- 
nounced himself  as  their  discoverer  and  is  generally  so  regarded.  In  all  parts  of  the 
venous  system,  except,  in  general  terms  in  the  abdominal,  thoracic,  and  cerebral  cavities^ 
there  exist  little  membranous^  semilunar  folds,  resembling  the  aortic  and  pulmonic  valves 
of  the  heart.  When  distended,  the  convexities  of  these  valves  look  toward  the  periph- 
ery. In  the  great  majority  of  instances,  the  valves  exist  in  pairs,  but  they  are  ocea- 
donally  found  in  groups  of  three.  They  are  formed  in  part  of  the  lining  membrane  of 
the  veins,  with  fine  fibres  of  connective  tissue.  There  exists,  also,  a  fibrous  ring  follow- 
ing the  line  of  attachment  of  the  valvular  curtains  to  the  vein,  which  renders  the  vessel 
much  stronger  and  less  dilatable  here  than  in  the  spaces  between  the  valves.  The  valve© 
are  by  far  the  most  numerous  in  the  veins  of  the  lower  extremities.  They  are  generally 
situated  just  below  the  point  where  a  small  vein  empties  into  one  of  larger  size,  so  that 
the  blood,  as  it  passes  in,  finds  an  immediate  obstacle  to  passage  in  the  wrong  direction 
The  situation  of  the  valves  may  be  readily  observed  in  any  of  the  superficial  veins.  If 
the  flow  of  blood  be  obstructed,  little  knots  will  be  formed  in  the  congested  vessels, 
which  indicate  the  )K»8ition  and  acrion  of  the  valves.  The  simple  experiment  of  Harvey* 
already  referred  to,  presents  a  striking  illustration  of  the  action  of  the  valves.  When  the 
vein  is  thus  congested  and  knotted,  if  the  finger  be  pressed  along  the  vessel  in  the  direc- 
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tion  of  the  blood-current,  a  portbn  situat&d  between  two  valves  may  be  emptied  of  bloodf 
but  it  m  ita possible  to  empty  any  portion  of  the  vessel  by  pressting  the  blood  in  the  oppo- 
site direction.  On  slitting  open  a  vein,  we  observe  the  shape,  attachment,  and  extreme 
delicacy  of  structure  of  the  valvea.  When  the  vessel  is  empty,  or  when  Huid  movei 
toward  the  heart,  they  are  closely  applied  to  the  walk;  but  if  liquid  or  air  be  forced  in  th6^ 
opposite  direction,  they  project  into  ita  caliber,  and,  by  the  application  of  their  free  edg< 
to  eaeh  other,  etfectually  prevent  any  backward  current.  Fabriclus  noted  the  following 
peculiarity  in  die  arrangement  of  the  valves :  When  cloaed,  the  application  of  their  fre© 
edges  forms  a  line  whieli  runs  across  the  vessel;  it  is  found  that,  in  successive  sets  of 
valves,  the&e  lines  are  at  right  angk^s  to  each  otlier,  so  that  if,  in  one  set,  this  line  have  a 
direction  from  before  backward,  in  the  sets  above  and  below  the  lines  run  from  side  to 
side. 

There  are  certain  exceptions  to  the  general  proposition  that  the  veins  of  the  great 
cavities  <ire  not  provided  with  valves.  Valves  are  found  in  the  portal  system  of  some  of 
the  inferior  animals^  as  the  horse.  They  do  not  exist,  however,  in  this  situation  in  th<ij 
hmuan  subject.  Generally,  in  following  out  the  branches  of  the  inferior  vena  cava,  no 
valves  are  found  until  we  come  to  tlie  crural  vein;  but  occasionally  there  is  a  double 
valve  at  the  origin  of  the  external  iliac.  In  some  of  the  inferior  animals,  there  exisla^ 
con^^tantly  a  single  valvular  fold  in  the  vena  cava  at  tlte  openings  of  the  hepatic,  and  on©j 
at  the  opening  of  the  renal  vein.  This  is  not  constant  in  the  human  sfubject.  Valvei- 
are  found  in  the  spermatic,  but  not  in  the  ovarian  veins.  A  single  valvular  fold  has 
been  described  at  the  opening  of  the  right  i?permatic  into  the  vena  cava.  There  are 
two  valves  in  the  azygos  vein  near  its  openini?  into  the  superior  vena  cava.  There 
ia  a  single  valve  at  the  oririce  of  the  coronary  vein.  There  are  no  valves  at  the 
opening^  of  the  brachio-cephalic  into  the  superior  vena  cava ;  but  there  is  a  strong  doable 
valve  at  the  point  where  the  internal  jugular  opens  into  the  brachio-cephalic.  Between 
this  point  and  the  capillaries  of  the  brain,  the  vessels  are  entirely  de[>rived  of  valves, 
except  in  very  rare  instances,  when  one  or  two  are  found  iu  the  course  of  the  jugular. 

In  addition  to  the  double,  or  more  rai'ely  triple  valves  which  have  just  been  described^ 
there  is  another  variety,  found  in  certain  parts,  at  the  point  where  a  tributary  vein  op«n« 
into  a  main  trunk.  Tliis  consists  of  a  single  fold,  which  is  attached  to  the  smaller  veesel 
but  projects  into  the  larger.  Its  action  h  to  prevent  regurgitation,  by  the  same  mech* 
anism  as  that  by  which  the  ileo-caacal  valve  prevents  the  passage  of  matters  from  the 
large  into  the  small  intestine.    These  valves  arc  much  less  numerous  than  the  first  variety. 

The  veins  form  a  system  which  is  adapted  to  the  return  of  blood  to  the  heart  in  a 
comparatively  slow  and  unequal  current.  Distention  of  certain  portions  is  provided  for; 
and  the  vessels  are  so  protected  with  vjilvcs,  that  whatever  inHuences  tlie  current  must 
favor  its  flow  in  the  direction  of  the  heart. 
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Couru  of  the  Bhod  in  th€  Veinn, — The  experiments  of  Hales  and  Sharpey,  showing 
that  defibrinated  blrKKl  can  be  made  to  pass  from  the  arteries  into  the  caiiillaries  and  out 
at  the  veins  by  a  pret^surc  less  than  that  which  exists  iu  the  artorijd  system,  and  the 
observations  of  Magendie  upon  the  circulation  in  the  leg  of  a  living  dog,  showing  that 
ligation  of  the  artery  arrestsi  the  flow  in  the  vein,  points  which  have  already  been  fully 
disctissed  in  treating  of  tiie  causes  of  the  capillary  circulation,  have  established,  beyond 
question,  the  fact  that  the  force  exerted  by  the  left  ventricle  is  sufficient  to  account  for 
the  venous  circulation.  The  heart  must  be  regarded  as  the  prime  cause  of  all  movement 
In  these  vessels.  Regardinir  this  as  definitely  ascertained^  there  remain  to  consider,  in 
the  study  of  the  course  of  the  blood  in  the  veins,  the  character  of  the  cnrrcnt,  the  influence 
of  the  vessels  themselves,  the  ipiestion  of  the  existence  of  forces  which  may  assist 
the  ci*  a  tergo  from  the  heart,  and  circumstances  which  may  interfere  with  the  flow  of 
blood. 

As  a  rule,  in  the  nonnal  circulation,  the  flow  of  blood  in  the  veins  is  continuous.    The 


1 


COCRSE  OF  TOE   BLOOD  IN  TDK  VEINS, 


09 


Stt4*tit  iinpulBe  of  the  lieart,  wkioh  progreasively  dimiaishes  as  we  recede  from  this 

I  but  H  still  felt  even  in  the  smallest  arteries^  is  lost,  as  we  have  seeo,  io  the  capU- 
Ilere,  for  the  first  time,  the  blood  moves  in  a  constant  current;  and,  as  the  press- 
ire  in  the  arteries  is  continuaJl  v  supplying  fresh  hlood^  that  which  has  circulated  in  the 
is  forced  ioto  the  venous  raOiclea  in  a  steady  streara.  As  the  supply  to  the 
ies  of  different  parts  is  regulated  by  the  action  of  the  small  arteries,  and  as  this 
^plr  is  subject  to  great  variations,  there  roust  necessarily  be  corresponding  variations 
i  the  current  in  the  veins  and  in  the  quantity  of  blood  which  these  vessels  receive.  As  we 
iftOfiU  aatleipate^  then,  the  venous  circulation  is  subject  to  very  great  varintions  arising 
finsD  Irrefularity  in  the  supply  of  bloody  aside  from  any  action  of  the  ve.«i5§els  themselvea 
or  any  external  disturbing  influences.  Great  variations  in  the  venous  current  are  observed 
10  the  veins  which  collect  the  blood  from  the  intestinal  canal.  During  the  intervals  of 
4igc^tionf  these  vessels  carry  a  coraparatively  small  quantity  of  blood  ;  but^  during  diges* 
Hon,  thtf  are  bdea  with  the  fluids  received  by  abBorption^  and  the  quantity  is  largely 
menmaed. 

U  often  happens  that  a  vein  becomes  obstructed  from  some  cause  which  is  entirely 
phy  si  illogical,  as  the  action  of  muscles.  The  imtnense  number  of  veins,  as  compared  with 
the  arteries,  and  their  free  communications  with  each  other,  provide  that  the  current, 
under  these  circumstances,  is  simply  diverted,  passing  to  tlie  heart  by  another  channel. 
When  any  part  of  the  venous  system  is  distended,  the  vessels  react  on  the  Ltood  and  exert 
a  oert^n  influence  on  the  current,  always  pressing  it  toward  the  heart,  for  the  valves 
ofpoM  a  flow  in  the  opposite  direction. 

Tb©  intermittent  actio d  of  the  heart,  which  pervades  the  whole  arterial  system,  is 
klljr  absorbed,  as  it  were,  in  the  passage  of  the  blood  through  the  capillaries;  but, 
1  the  arterioles  of  any  part  are  very  much  relaxed,  tlie  impiike  of  the  central  organ 
extend  to  the  veins,  Bernard  has  shown  this  in  the  most  striking  manner,  in  his 
▼ell-known  experiments  on  the  circulation  in  the  glands.  When  the  gkuds  are  pouring 
oal  their  tecretions,  the  quantity  of  blocHl  which  they  receive  is  very  mneli  increa.-^ed.  It 
is  then  furnished  to  supply  material  for  the  secretion,  and  not  exclusively  for  nutrition. 
If  the  vein  be  opened  at  such  a  tiine,  it  is  found  that  the  blood  has  not  lost  its  arterial 
ehararter,  that  the  quantity  which  escapes  is  increased,  and  that  the  flow  is  in  an  inter- 
nitttent  jet,  as  from  a  divided  artery.  This  is  due  to  the  relaxed  condition  of  the  arteri- 
ole of  the  part,  and  the  phenomenon  thus  observed  constitutes  the  true  venous  pulse. 
What  thus  occurs  in  a  restricted  portion  of  the  circulatory  system  may  take  place  in  all 
the  veina,  though  in  a  less  marked  degree.  Physicians  have  frequently  noticed,  after  the 
Mood  hM  been  flowing  for  some  time  in  the  operation  of  venesection,  that  the  color 
from  black  to  red,  and  the  stream  becomes  intermittent,  often  leading  the 
to  fear  that  he  has  pricked  the  artery.  In  all  probability,  this  Is  due  to 
relaxation  of  the  arterioles  as  one  of  the  etfects  of  abstraction  of  blood,  producing 
the  same  condition  that  has  been  noted  in  some  of  the  glands  during  their  functional 
letivity.  The  hypothesis  that  it  is  due  to  an  impulse  from  the  adjacent  artery  is  not  ad* 
miisible.  Except  in  the  veins  near  the  heart,  any  pulsafion  which  occurs  is  to  be  attrib- 
ut«sd  to  the  force  of  the  heart,  transmitted  with  unusual  faeility  througli  tlie  capillary 
^Tatem*  A  nearly  uniform  current,  however,  is  the  rule,  and  a  marked  pulsation,  the 
tare  exception* 

Fr^mnre  tif  Bhod  in  the  Vein9, — The  pressure  in  the  veins  is  always  much  leas  than 
in  the  arteries.  It  is  exceedingly  variable  in  different  parts  of  the  venous  system  and  in 
Ihe  same  part  at  difl*erent  times*  As  a  rule,  it  is  in  inverse  ratio  to  the  arterial  pressure. 
batever  favors  the  pas^go  of  blocMl  from  the  arteries  into  the  capillaries  has  a  tendency 
I  diminish  the  arterial  pressure,  and,  as  it  increases  the  quantity  of  blood  which  passes 
into  the  veins,  must  increase  the  venous  pressure.  The  great  capacity  of  the  venous  sya- 
tea,  ita  numerons  anastomoses,  the  presence  of  valves  which  may  shut  oW  a  portion  from 
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tho  rest,  are  circumstances  which  idvoIt©  groat  vftriationB  in  prcBsure  in  different  vea 
It  has  been  ascertained  that,  as  a  rule,  the  pres.sure  is  diniiDihhed  as  we  pass  from  thi 
periphery  toward  the  heart.  In  an  ohservatiou  ou  the  call',  Volkmann  found  that,  with  j 
pressure  of  ahout  G'5  inches  of  mer^uu'y  in  ibe  carotid,  the  pressure  in  the  metatarsal  reij 
was  ri  inch,  and  hut  0'30  in  the  jugular.  Mu.^ciilar  etiurt  has  a  marked  iutluence  ou  tha 
force  of  the  circulation  in  certain  veins  and  produces  an  t;levation  in  the  pressure.  Ai 
the  reduced  pressure  in  the  veins  is  due,  in  a  measure,  to  the  great  relative  capacity  ( 
the  venous  system  and  the  free  communications  between  the  vessels,  it  would  seem  that, 
if  it  were  possihle  to  reduce  the  capacity  of  the  veins  in  a  part  and  force  all  the  blood  i 
pass  to  thti  heart  by  a  single  vessel  corresponding  to  the  artery » the  prci?sure  in  this  resso 
would  be  greatly  increased.  Poisenille  has  shown  this  to  be  the  fact  by  the  experiment 
of  ligating  all  the  veins  coming  from  a  part,  except  one  which  had  the  volume  of  tbej 
artery  by  which  the  blood  was  supplied,  forcing  all  the  blood  to  return  by  this  single 
channel.  This  being  doue,  he  found  the  pressjure  in  the  vein  immensely  increased,  becom* 
ing  nearly  equal  to  that  in  the  artery. 

Rapidity  of  the  Venous  Circtdation, — It  is  impossible  to  fix  upon  any  definite  rate  at 
representing  the  rapidity  of  the  current  of  blood  in  the  veins.  It  will  be  seen  that  variousi 
circumstances  are  capable  of  increasing  very  considerably  the  rapidity  of  the  flow  in  cer- 
tain veins,  and  that,  under  certain  conditions,  the  current  in  some  parts  of  the  venous 
system  is  very  much  retarded.  Undoubtedly,  the  general  movement  of  blood  in  the  veins 
is  very  much  slower  than  in  the  arteries,  from  the  fact  tliat  llie  quantity  of  blood  is  greater. 
If  it  be  assumed  that  the  quantity  of  blood  in  the  veins  is  double  that  contained  in  tho 
arteries,  the  general  average  of  the  current  would  be  diminished  one-half.  As  we  near 
the  heart,  however,  the  flow  becomes  more  uniform  and  progressively  increases  in  rapidity* 

As  the  effect  of  the  heart's  action  upon  tho  venous  circulaiion  is  subject  to  so  many 
modifying  influences  through  tho  small  arteries  and  capilhiHes,  and  as  there  are  other 
forces  influencing  the  current,  which  are  by  no  means  iinitwn  in  their  action,  with  our 
present  knowledge,  estimates  of  the  general  rapidity  of  the  venous  circulation  or  the 
variations  in  different  vessels  would  be  founded  on  mere  speculations. 
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Causes  of  the  Venous  Circtdation,  " 

In  the  veins,  the  blood  is  farthest  removed  from  the  influence  of  tho  contractions  of 
the  left  ventricle;  and,  although  these  are  feU>  there  are  many  other  causes  which  com- 
bine to  carry  on  the  circulation,  and  many  influences  by  which  it  is  retarded  or  oh- 
str acted. 

The  great  and  nniform  force  which  operates  on  the  circulation  in  these  vessels  is  thd  j 
tif  a  t^rgo.     We  have  repeatedly  referred  to  the  entire  lidequacy  of  the  arterial  pressure, 
propagated  through  the  capillaries,  to  account  for  the  movement  of  blood  in  the  veins,  , 
provided  there  be  no  great  oHstacles  to  the  current.     There  are  no  facts  which  lead  us  to  | 
doubt  the  operation  of  this  force  as  the  prime  cause  of  the  venous  circulation  ;  and  tlie  ' 
only  question  which  arises  is  whether  there  be  any  force  exerted  in  the  capillaries  them-  . 
selves  which  is  superadded  to  the  force  of  the  heart.     In  discussing  the  capillary  circu- 
lation, we  stated  that  there  is  no  direct  proof  of  the  existence  of  a  distinct  **  capillary  1 
power '^   inHuencing  the  movement  of  blood  in  these  vessels;    and   consequently  the  | 
vit  a  tergo  operating  on  the  circulation  in  the  veins  must  be  attributed  mainly  to  the  ac- 
tion of  the  left  ventricle. 

The  other  forces  which  concur  to  produce  movement  of  blood  in  the  veins  are  the 
following : 

1.  Muscular  action,  by  which  many  of  tho  veins  are  at  times  compressed,  thus  forcing  , 
the  blood  toward  the  heart,  regurgitation  being  prevented  by  the  action  of  the  valves. 

a.  A  suction  force  exerted  by  the  action  of  the  thorax  in  respiration,  operating, 
however,  only  on  the  veins  in  the  immediate  neighborhood  of  the  chest. 
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S.  A  possible  influencQ  from  contraotioii  of  the  coatB  of  the  Tdssels  themselves. 
This  is  murked  in  the  ve\n3  near  the  heart  in  some  of  the  inferior  animals. 

4,  Tlie  force  of  gravity,  which  operates  only  on  vessels  which  carry  blotwl  from  above 
downiran]  to  the  heart,  aDtl  a  slight  suction  force  which  may  be  exerted  upon  the  blood 
ill  A  jirnall  rein  as  it  passes  into  a  larger  vessel  in  which  the  current  h  more  rapitL 

The  obstacles  to  the  venous  circnlation  are  :  Pressure  sufficient  to  obliterate  the  cali- 
^of  a  ves?>el,  when^  from  the  free  cotnmunicationa  with  other  vessels,  the  current  is 
ply  diverted  into  another  cimanel ;  the  expulsive  etlortis  of  respiration  ;  the  contrac- 
tions of  the  riglit  side  of  the  heart;  and  the  force  of  gravity^  which  operates*,  in  the 
ffect  posture,  on  the  cnrrent  is  all  excepting  the  veins  of  the  head,  neck,  and  in  parts 
ef  the  trunk  above  the  heart. 


lnfiuine€  of  Ifuscular  €<*ntraetion* — ^That  the  action  of  innacles  has  considerable  in- 
I  on  the  current  of  blood  in  the  veins  situated  between  them  and  in  their  sub- 
bas  b>ng  been  recognized*  It  is  esemplitied  in  the  operation  of  verieseetion, 
vlieil  it  is  well  known  that  the  jet  from  the  vein  may  be  very  much  increased  in  force 
Vy  contraction  of  the  muscles  below  the  opening.  This  action  is  so  marked,  that  the 
ptrts  of  the  venous  system  which  are  situated  in  the  substance  of  muscleEJ  have  been 

opwed  by  Chassaignac  to  a  sponge  full  of  |j<iiuidi  vigorously  pressed  by  the  hand.  It 
:  Always  be  remembered,  however,  tliat,  although  the  muscles  are  capable  of  acting 

th«  blood  contained  in  veins  in  their  substance  with  great  vigon  the  heart  is  fully 
eooip^teiit  to  carry  on  the  venous  circuhition  without  their  iiid  ;  a  fact  wliich  is  exempli- 
tfd  in  a  striking  manner  in  the  venous  circulation  in  paralyzed  parts. 

It  has  been  shown  by  actual  observations  with  the  hiBmadyDamometer,  that  muscular 
letioii  is  capable  of  immensely  increasing  the  pressure  in  certain  veins.  The  firat  defi- 
aite  expiftriments  on  this  subject  were  made  by  Magendie,  who  showed  a  pressure  of  over 
two  inches  of  mercury  produced  by  a  general  muscular  contraction,  on  the  passage  of  a 
^Tftnic  current  from  a  needle  plunged  into  the  cervical  regton  of  the  «pmnl  marrow  to 
one  ftxetl  in  the  muscles  of  the  tiiigh.  The  experiments  of  Bernard  have  shown  this 
more  accurately.  This  physiologist  found  that  the  pressure  in  the  jugular  of  a  horse, 
hi  repose,  was  1*4  inch;  but  the  action  of  the  muscles  in  raising  the  head  increased  it  to 
1  little  more  than  five  inches^  or  nearly  four  times.  These  observjitions  ahow  at  once 
the  great  variations  in  tlie  current  and  tlie  import-ant  infiuence  of  muscular  contraction 
on  the  venoits  circulation. 

In  order  that  eontractious  of  muscles  shall  assist  the  venouft  circulation,  two  things 

1.  The  contraction  must  be  intermittent.  This  is  always  t\\Q  case  in  the  voluntary 
mnscles.  It  is  a  view  entertained  by  many  fhat  each  muscular  fibre  relaxes  immediately 
ifter  itj*  contraction,  which  is  instantaneous,  and  that  a  certain  period  of  repose  is  neces- 
wry  before  it  can  contract  again.  However  this  may  be,  it  is  well  known  that  all 
ictive  muscular  contraction^  as  distinguished  from  the  efforts  necessary  to  maintain  the 
body  in  certain  ordinary  positions,  is  intermittent  and  not  very  prolonged.  Thus  the 
v«ins,  which  are  partly  emptied  by  the  compression,  are  filled  again  during  the  repose  of 

I  muscle, 

'  2,  There  should  be  no  possibility  of  a  retrogmdo  movement  of  the  blood.     This  con- 

,  is  fulfilled  by  the  action  of  the  valves.     Anatomical  researches  have  shown  tliat 

I  valves  are  most  abundant  in  veins  situated  in  the  sobstance  of  or  between  the  mus- 

,  and  that  they  do  not  exist  in  the  veins  of  the  cavities,  which  are  not  subject  to  the 

ae  kind  of  compression*  It  is  thus  that  the  blood  is  prevented  from  passing  back- 
ward toward  the  capillary  system  ;  and,  when  the  caliber  of  a  vein  is  reduced  by  com- 
pression, part  of  its  contents  must  be  forced  toward  the  heart.  This  action  of  the  valves 
constitnten  their  most  important  function. 

Mtlne-Edwartld  alludes  to  an  important  physiological  bearing  of  the  acceleration  of 
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the  yenoUB  circulation  by  oontraottons  of  uiuacles  od  their  outrition.    It  is  apporontl;*! 
necessary  that  the  supply  of  blood  should  be  increivsed  in  a  mui^tle,  in  proportion  to  andl 
during  its  activity;  for  lit  that  timo  It*,  disiiwsimiliition  is  uudoiibtedly  flugmentc'd»  andi 
tliere  is  an  incrtjased  demand  on  the  bluod  to  suj>ply  the  waste.     It  is  apparently  a  pro- 
vision of  Nature  that  the  activity  of  a  muftcle,  facilitating  the  passage  of  bioo<l  in  itaj 
veins  and  (^onseqnently  its  flow  from  the  capillaries,  indiicea  an  increased  supply  of  the 
nutrient  fluid.     As  the  development  of  tiasaes  la  generally  iii  proportion  to  tbcir  vahcu* 
larity,  thia  may  account  for  tlie  increase  ia  the  development  of  muscles  which  is  the  al-i 
most  invariable  result  of  exercise. 


Force  of  Aapiratiofi  from  the  Thorax, — During  the  act  of  inspiration,  the  enlarge- 
ment of  the  thorax,  by  depression  of  the  diaphragm  and  t4evation  of  the  ribs,  affect 
the  movements  of  fluids  in  all  the  tubet*  in  its  vicinity.     The  air  rushes  in  by  the  trachea 
and  expands  the  lungs,  so  that  they  follow  the  movements  of  the  thoracic  walls.     The«| 
flow  of  blood  into  the  great  arteries  is  somewhat  retarded,  ns  is  indicated  by  a  dimi- 
nution in  the  arterial  pressure;  and,  finally,  the  blood  in  the  great  veins  pasties  to  the] 
heart  with  greater  facility  and  in  incn^eat^ed  quantity.     This  last-mentioned  phenoniunoa  | 
can  be  readily  observed,  when  the  veins  aru  iiroiuinentH,  in  profound  or  violent  inspira- 
tion.    The  veins  at  the  lower  part  of  the  neck  arts  then  seen  to  empty  themselves  of 
blood  during  iiiapiration,  and  they  become  distended  during  expiration,  pro<lucing  a  sort  of  | 
pulsation  whioli  is  synclironous  ivith  respiratiou.     This  can  always  be  observed  after  ex- 
posure of  the  jugulftr  in  the  lower  part  of  the  neck  in  an  inferior  animal.     After  thii  , 
o[)eration,  if  we  cause  the  animal  to  make  violent  respiratory  efforts,  the  vein  will  bei 
almost  einittied  and  coUapsed  with  inspiration  and  turgid  with  expiration.    The  move- 
ments of  the  veins  near  the  thorax  have  long  been  ob-served  and  hove  been  described] 
with  tolerable  accuracy.     Direct  observations  on  the  jugulars  show  conclusively  that  thai 
influence  of  inspiration  cannot  be  felt  much  beyond  these  vessels.    They  are  seen  to  I 
collapse  with  each  inspiratory  act,  a  condition  which  limits  this  influence  to  the  veinsi 
near  the  heart.     The  flaccidity  of  the  walls  of  the  veins  will  not  permit  the  extended! 
action  of  any  suction  force.     If  a  portion  of  a  vein  removed  from  tlie  body  be  attaclied 
to  the  nozzle  uf  a  syringe  and  we  attem[>t  to  draw  a  liquid  tb rough  it,  although  the  suc- 
tion force  be  applied  very  gently,  wheti  the  vessel  has  any  considerable  length  its  walls  . 
will  he  drawn  together*     In  the  circulation,  the  veins  are  moderately  distended  with  | 
blood  by  the  vis  a  (ergo^  and,  to  a  certain  extent,  they  are  supported  by  connections  with  j 
surrounding  tissues^  so  that  the  force  of  aspiratiou  is  felt  farther  than  in  any  exj>erimentj 
on  vessels  removed  from  the  body.     The  blood,  as  it  approaches  the  thorax,  impelled  by  j 
other  forces,  is  considerably  accelerated  in  its  flow  ;  but  it  is  seen  by  direct  observation, 
that  beyond  a  certain  point,  and  that  very  near  the  chest,  ordinary  aspiration  has  no  in- 
fluence, and  violent  efforts  rather  retard  than  favor  the  venous  current. 

In  the  liver,  the  influence  of  inspiration  becomes  a  very  important  element  in  tlio 
mechanism  of  the  circulation.     This  organ   presents  a  vascular  arrangement  which  iaJ 
exceptional.     The  blood,  distributed  by  the  arteries  in  a  capillary  plexus  in  the  mucous  J 
membrane  of  the  aliment^iry  canal  and  in  the  spleen,  instead  of  being  returned  directly 
to  the  heart  by  the  veins,  is  collected  into  the  portal  vein,  carried  to  the  liver,  and  is  there  j 
distributed  in  a  second  s«t  of  capillary  vessels.     It  is  then  collected  in  the  hepatic  veins  ( 
and  carried  by  the  vena  cava  to  the  heart.     This  double  capillary  plexus  between  the 
left  and  the  right  side  of  the  heart  has  been  cited  as  an  argument  against  the  fact  that  the 
left  ventricle  is  capable  of  sending  tiie  blood  thriuigh  the  entire  circuit  of  the  vascular 
system.     The  three  hepatic  veins  open  into  the  inferior  vena  cava  near  llie  point  where 
It  paeees  the  diaphragm,  where  the  tVirce  of  aspiration  from  the  thorax  would  materially  i 
oenst  the  current  of  blood.     On  following  these  vessels  into  tlie  substance  of  the  liver,  il 
is  found  that  their  walls  are  so  firmly  adherent  to  the  tissue  of  the  organ,  that,  when  cut 
across,  they  remain  patulous;  and  it  is  evident  that  they  remain  open  under  all  con* 
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Stioos^  The  thorax  can  therefore  exert  a  powerful  influencd  upon  the  hepatic  cir- 
MkliOD ;  for  it  is  only  tbo  flaccidity  of  the  walls  of  the  vessels  whicli  prevents  this 
laiiiieQce  from  operating  throughout  the  entire  venons  system.  Altliongb  this  must  be  a 
very  tiiif>ortimt  element  in  the  production  of  the  circulation  in  the  livei\  the  fuet  that  the 
blood  circulates  in  this  organ  in  the  totus  before  any  movements  of  the  thorax  take 
filoo  shows  that  it  is  not  absolutely  essential.  All  tbe  ininonces  which  we  have  thns 
hr  eonsidored  are  merely  supplementary  to  the  action  of  the  great  central  organ  of  the 
cireohitioii, 

A  farther  proof^  if  any  were  needed,  of  the  suction  force  of  inspiration  is  found  in  an 
accident  which  is  not  infrequent  in  surgical  operations  in  the  lower  part  of  Uie  Deck» 
Wbill  the  veins  in  this  situation  are  kept  open  by  a  tumor  ur  by  induration  of  the  fiur- 
rtnmding  tissues,  an  inspiratory  effort  has  occasionally  been  followed  by  tbe  entrance  of 
iir  into  the  circulation,  an  accident  which  \b  liable  to  load  to  the  gravest  results.  This 
gocnra  only  when  a  divided  vein  is  kept  patulous;  and  the  accident  proves  both  the 
iaiiieiioe  of  inspiration  on  liquids  in  the  veins  near  tlio  chest  and  its  restriction  to  the 
Tenela  in  this  particular  situation  by  the  flacciditj  of  their  walls. 

A  foil  discussion  of  the  subject  of  air  in  the  veins,  which  is  of  great  pathological  inter* 

doeo  not  helong  to  physiology.     The  blood  is  capable  of  dist^ulviDg  a  certain  quantity 

utmoepherie  air;  and  a  small  quantity,  very  gradually  iutroduced  into  a  vein,  can  he 
of  in  this  way.  When,  however,  a  considerable  quantity  suddenly  finds  its  way 
the  yenoiifl  system,  the  patient  experiences  a  sense  of  mortal  distress  and  almost 
Inwnffidiately  falls  into  a  state  of  insensibility.  A  peculiar  whistling  sound  is  heard  when 
tbe  air  passes  in;  and,  if  tbe  ear  be  apfdied  to  the  client,  we  distinguish  tbe  labored 
dibrte  of  the  hearty  accompanied  by  a  loud  churniug  sound.  On  opening  the  cliest  after 
deetfa,  the  right  cavities  of  the  heart  are  invariably  found  distf  nded  with  air  and  blood, 
the  blood  being  frothy  and  florid.  Generally  tbe  left  sitlo  of  the  heart  is  nearly  or  quite 
empty. 

The  production  of  death  from  air  in  the  veins  is  purely  mechanical.  The  air»  finding 
til  way  to  the  right  ventricle,  is  mixed  with  the  blood  in  the  form  of  minute  bubbles  and 
is  carried  into  the  pulmonary  artery.  Once  in  this  vessel,  it  is  impossible  for  it  to  pass 
through  the  capillaries  of  the  Itmgs,  and  death  by  sufToeation  is  the  inevitable  result,  if 

quantity  of  air  be  large.  It  is  because  no  blood  can  pass  through  the  lungs,  that  the 
cavities  of  the  heart  are  usually  found  empty. 

Air  injected  into  the  arteries  produces  no  such  serious  effects  as  air  in  the  veins.  It 
is  arrested  in  the  capillaries  of  certain  parts  and  in  the  course  of  time  is  absorbed  with- 
iwt  pnxluciog  any  iiynry. 

.\side  from  the  pressure  exerted  by  the  contraction  of  muscles  and  tbe  force  of  as- 
piration from  the  thorax,  the  influences  which  assist  tbe  venous  circulation  are  very 
ighL     As  far  as  the  action  of  tbe  coats  of  the  vesacls  tbcraselves  is  concerned,  their 

itfoction,  it  must  be  remembered,  is  slow  and  gradual,  like  tbe  contraction  of  the 
xrif^nas ;  and  it  is  hardly  possible  that,  in  tbe  general  venous  system,  this  should  operate  at 
sll  on  the  blood-current,  beyond  the  simple  influence  of  tbe  reduction  of  the  caliber  of 
the  Tesseh  There  is  a  slight  contraction  in  the  venee  cavao  in  the  immediate  proximity 
of  the  heart,  which  is  very  much  more  extended  in  many  of  the  lower  vertebrate  ani- 
and  may  he  mentioned  as  having  an  influence,  very  insignificant  it  is  true,  on  the 
of  blood  from  the  great  veins. 

In  the  veins  which  pass  from  above  downward,  the  force  of  gravity  favors  the  flow 

blood.     This  is  seen  by  tbe  turgescence  of  tbe  veins  of  the  neck  and   face,  when 

head  is  kept  for  a  short  time  below  the  level  of  tbe  heart.     If  the  arm  be  elevated 

e  the  head,  the  veins  of  the  back  of  the  band  will  be  much  reduced  in  sizi%  from  the 

,ter  facility  with  which  the  blood  passes  to  tbe  heart,  while  they  are  distended  when 

the  hand  Is  allowed  to  hang  by  the  side  and  the  blood  has  to  mount  up  against  the  force 

of  gravity. 
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Ie  the  extreme  irregukrity  in  the  rapiditj  of  the  circnlation  in  different  veinB,  U 
must  frequently  happen  that  a  vet>si?l  empties  its  blood  into  another  of  likrger  size,  in 
which  the  current  is  mure  rapid.  In  such  an  instance^  as  a  physical  necessity,  the  more 
rapid  currt^nt  in  the  larger  vessel  eJterts  a  certain  taction  Ibree  on  the  fluid  in  the  vessel 
which  joins  with  it. 

Function  of  t/ie  Valves  of  the  Yeina, 

It  U  difficult  to  comprehend)  at  the  present  day^  how  any  anatomist  could  have  aecD- 
rately  tlesiiTibed  tlu*  valves  of  the  veins  and  yet  have  been  i^monmt  of  their  function ;  and 
the  fact  tiiat  their  use  wasmtt  undersiuod  before  the  description  of  the  circulation  bj  liar* 
voy  shows  the  greatness  of  this  as  a  discovery  and  the  ehallow  character  of  any  pretence 
that  men  of  science  had  any  definite  idea  of  the  motion  of  the  blood  before  his  time. 

With  our  present  know  ledge  of  tlie  coursu  of  the  blood,  it  is  evident  that  the  great 
function  of  the  valves  is  to  present  an  obstacle  to  the  reflux  of  biood  toward  the 
capillary  system;  aud  it  only  remains  to  study  the  conditioni*  under  which  they  are 
brought  into  action. 

There  are  two  distinct  conditions  under  wliich  the  valves  of  the  veins  may  be  closed. 
One  of  them  is  the  arrest  of  cTrculation,  from  any  cuuse^  in  veins  in  which  the  blood  htB 
to  mount  against  the  force  of  gravity ;  and  the  other,  compression  of  veins^  from  any 
cause  (generally  from  muscular  contraction)  which  tends  to  force  the  blood  fri»ro  the 
vessels  compressed  into  others^  when  the  valves  otier  an  obstruction  to  a  flow  toward  the 
capillaries  and  necessitate  a  current  in  the  direction  of  the  heart.  In  the  first  of  these 
conditions,  the  valves  are  antagonistic  to  the  force  of  gravity,  and,  when  the  caliber  of 
any  vessel  is  temporarily  obliterated,  they  aid  in  dirccling  the  current  into  anastomotic 
vessels.  It  is  but  rarely,  how  ever,  that  they  act  thus  in  opposition  to  the  force  of  grav- 
ity; and  it  is  only  wlien  many  of  the  veins  of  a  juirt  are  simultaneously  compresscil  that 
they  aid  in  diverting  the  current,  "When  a  single  vein  is  obstructed,  it  is  not  probable 
that  Uio  valves  are  necessary  to  divert  the  current  into  other  vessels,  for  this  wnuld  take 
place  in  obedience  to  the  rii*  a  tergo ;  bnt  when  many  veins  are  obstructed  in  a  depend- 
ent part,  and  the  avenues  to  the  heart  become  insufficient,  the  numerous  valves  divide 
tb©  coUitnns  of  blood,  so  that  the  pressure  is  equally  distributed  throughout  the  extent 
of  the  vessels.  For,  it  must  be  remembered,  the  strength  of  the  walls  diminishes  as 
we  pass  from  the  larger  veins  to  the  periiibery,  and  tlie  smallest  vessels,  which,  were 
it  not  for  the  valves,  would  be  subjected  to  the  greatest  amount  of  pressure,  are  least 
calculated  to  bear  distention.  Thij*  is  liut  an  occasional  function  wliich  the  valves  are 
called  upon  to  perform;  and  It  is  evident  that  their  influence  is  only  to  prevent  tlio 
weight  of  the  entire  colunm  of  blood,  in  vessels  thus  obstructed,  from  operating  on  tlie 
smallest  veins  and  the  capillaries.  It  cannot  make  the  labor  of  the  heart,  when  the 
blood  is  again  put  in  motion,  any  less  than  if  the  column  were  urulividcd,  as  this  organ 
must  have  suflirient  power  to  open  siircessively  each  set  of  valves,  when,  of  course, 
they  cease  to  have  any  influence  whatsoever. 

It  is  in  connection  with  the  intermittent  compression  of  the  veins  that  the  valvea 
have  their  princlp.al  and  almost-constant  function.  Their  situation  alone  would  lead  to 
thia  sniipositiob.  They  are  found  in  greatest  ninnbers  tlirougbout  the  muscular  system, 
having  i>een  denionstrated  by  Sappey  in  the  smallest  venules;  they  (ire  also  found  in  the 
upper  parts  of  the  body,  where  they  certainly  do  not  operate  against  tlie  force  of  graTitj ; 
while  they  df>  nut  exist  in  the  cavities,  where  the  venous  trunks  are  not  subject  to  com- 
pression. It  hjis  already  been  made  suiliciently  evident  that  the  nctioii  of  muscles  sec- 
onds most  powerfully  tljo  contractions  of  the  heart.  The  ris  a  ter^/o  from  the  heart  is, 
doubtless,  generally  sufficient  to  turn  this  inlbiencc  of  musi  idnr  compression  from  tho 
capillary  system,  atid  the  valves  of  the  veins  are  open  ;  but  tliey  stand  ready,  neverthe- 
lesst,  to  oppose  any  tendency  to  regnrgitution. 

In  tho  action  of  muscles,  the  skin  is  frequently  stretched  over  the  part,  and  the  cuta» 
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meofis  veins  are  somewhat  conipresscMi.    This  may  be  seen  in  the  hand,  by  letting  it  hasg 

V'  until  the  voina  become  somewhat  swollen,  ami  then  contracting  the  miifk'lea, 

V  'l.iii  will  become  tense  and  the  veins  are  very  nmcb  less  proruinent.     Here  the 

ii^   -  li;iVv'  an  im[>ortant  action*     The  comprcKSJun  of  the  veins  is  mtieh  greater  in  thd 

^4^A:.iflce  u(  and  between  the  miisilea  tlmn  in  the  skin;  but  the  blood  is  forced  from  the 

mo^sclcA  into  the  dkin,  and  the  valves  act  to  prevent  it  from  taking  a  retrograde  course, 

-ict  that  the  contraction  of  muscles  forces  blood  into  the  veins  of  the  hkin  may  he 

y  sarroimding  the   upper  jiart  of  the  forearm  with  a  moderately-tight  ligature, 

will  distend  the  cutaneous  veins  below.     It'  we  now  contract  the  muscles  vigor- 

the  vein**  behnv  will  become  Msnsiblj  more  distended  and  knotted;  showing,  at 

oocc,  ihe  pa&dage  of  blood  into  the  skin  and  the  actiuo  of  the  valves. 

When  a  vein  is  distended  by  the  injection  of  air  or  a  liquid  forced  against  the  valvea, 
it  is  otiserved  that,  at  the  point  where  the  convex  borders  of  the  valves  are  attached,  the 
vessel  is  not  diiat^^d  as  much  as*  at  other  parts.  This  is  due  to  the  fact  that  the  valves 
tf«  t»ordered  with  a  fibrous  ring  which  strengthens  the  vessel  and  prevent*?  distention 
at  tliat  pointy  which  would  otherwise  separate  the  free  borders  of  the  valves  and  render 
insufficient. 
A  full  consideration  of  the  venous  nnastoraoses  belongs  to  descriptive  anatomy, 
it  to  say,  in  tfjis  connection,  that  they  are  very  numerous  and  provide  for  a 
m  of  tlie  blood  to  the  heart  by  a  number  of  channels.  The  azygos  vein,  Uje  veins 
lh<j  spinal  canal,  and  veins  in  the  walls  of  the  abdomen  and  thorax,  connect  the  infe- 
riur  with  the  superior  vena  cava.  Even  the  portal  vein  has  lately  been  shown  to  have 
communications  with  the  general  venous  system.  Thu^  in  all  parts  of  the  organism, 
iporary  comi)re8sion  of  a  vein  only  diverts  the  current  into  some  other  vessel,  and 
pennaDeDt  obliteration  of  a  vein  produces  enlargement  of  comnumicnting  branches,  which 
iOGQ  become  sufficient  to  meet  all  the  requirements  of  the  circulation. 

Conditions  which  impede  the  Venotts  Cirf^latioii. 

Influenee  of  Expiration* — The  influence  of  expiration  on  the  circulation  in  the  veins 
near  the  thorajc  is  directly  opposed  to  ihat  of  inspiration.  Ah  the  act  of  inspiration  has 
i  tendency  to  draw  the  blood  from  these  vessels  into  the  chebt,  the  act  of  expiration 
aa^ata  in  forcing  the  blood  uut  from  tlie  vessels  of  the  thorax  and  opposes  a  flow  in 
tlie  opposite  direction.  The  effect  of  prolonged  and  violent  exi»tratory  efforts  is  very 
marked^  being  followed  by  deep  congestion  of  the  veins  of  the  face  and  neck  and  a  sense 
of  fulness  in  the  head,  which  may  become  very  distressing.  The  opposition  to  ihe  venous 
eurnsot  generally  extends  only  to  vessels  in  the  immediate  vicinity  of  the  tliorMX,  or,  it 
may  be  stated  in  general  terms,  to  thtrae  veins  in  which  the  flow  of  blood  is  assisted  by 
the  movements  of  inspiration  ;  bat,  while  the  inspiratory  influence  i^  ahsfdulely  cunfined 
tt>  a  very  restricted  circuit  of  ve'tsels,  the  obstrnctive  influence  of  very  violent  and  pro- 
loniied  expiration  may  be  extended  very  much  farther,  ns  is  seen  when  the  vessels  of  the 
Qcck,  face,  and  cjDnjunctiva  become  congested  in  prolonged  vocal  efforts,  blowing,  etc. 
The  mochanism  of  this  is  not  what  we  might  at  first  be  led  to  suppose;  namely,  a 
mere  reflux  from  the  large  tnmks  of  the  thor.^cic  canty.  Were  this  the  ^ase,  it  would 
b«  necessary  to  assume  an  insufliciency  of  certain  valves,  which  does  not  exi^-t.  In 
extreme  congestion,  reflux  of  blood  may  t.-ike  place  to  a  certalu  extent  in  the  external 
jugular,  for  this  vessel  has  but  two  valves,  which  are  not  competent  to  prevent  re^mrgi- 
tation ;  the  chief  cause  of  congestion,  however,  is  due,  not  to  regurgitation,  but  tt»  accnum- 
latioD  from  the  periphery  and  an  obstruction  to  the  flow  of  blood  into  the  great  vessels. 

It  IS  in  the  internal  jugular  that  the  influence  of  expinition  is  most  important,  both 
from  its  great  size  in  the  human  subject,  as  compared  with  the  other  vessels,  and  from 
the  importance  and  delicacy  of  the  parts  from  which  it  collects  the  blood.  At  the  open- 
ing of  this  vessel  into  the  innominate  vein,  is  a  pair  of  strone  and  perfect  valves,  which 
■fleetni^tly  close  the  orifice  when  there  is  a  tendency  to  regurgitation.    These  valves  have 
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attracted  much  attention  among  physiologists  since  the  discovery  of  the  circulation  has 
made  it  evident  how  important  they  may  be  in  protecting  the  brain  from  reflnx  of 
blood.  When  the  act  of  expiration  arrests  the  onward  flow  in  the  veins  near  the  thorax, 
these  valves  are  closed  and  eflectually  protect  the  brain  from  congestion  by  regurgita- 
tion. Tlie  blood  accumulates  behind  the  valves,  but  the  free  communication  of  the  inter- 
nal jugular  with  the  other  veins  of  the  neck  relieves  the  brain  from  congestion,  unless 
the  eflbrt  be  extraordinarily  violent  and  prolonged. 

The  above  remarks  with  regard  to  the  influence  of  expiration  are  applicable  to  vocal 
efforts,  violent  coughing  or  sneezing,  or  any  unusual  muscular  efforts,  such  as  straining,  in 
which  the  glottis  is  closed. 

Regurgitant  Venous  Pulse.— In  the  inferior  animals,  like  the  dog,  if  the  external 
jugular  be  exposed,  a  distention  of  the  vessel  is  seen  to  accompany  each  expiratory  act 
This  is  sometimes  observed  in  the  human  subject,  when  respiration  is  exaggerated,  and 
has  been  called  improperly  tlio  venous  pulse.  There  is  no  sufficient  obstacle  to  the  regur- 
gitation of  blood  from  the  thorax  into  the  external  jugular,  and  distinct  pulsations,  syn- 
chronous with  the  movements  of  respiration,  may  be  produced  in  this  way. 

It  is  evident  that  there  are  various  other  circumstances  which  may  impede  the  venous 
circulation.  Accidental  compression  may  temporarily  arrest  the  flow  in  any  particular 
vein.  When  the  whole  volume  of  blood  is  materially  increased,  as  after  a  full  meal  with 
copious  ingestion  of  liquids,  the  additional  quantity  of  blood  accumulates  chiefly  in  the 
venous  system  and  proportionately  diminishes  the  rapidity  of  the  venous  circulation. 

The  force  of  gravity  also  has  an  important  influence.  It  is  much  more  difficult  for  the 
blood  to  mount  from  below  upward  to  the  hcai-t  than  to  flow  downward  from  the  head 
and  neck.  The  action  of  this  is  seen  if  comparison  be  made  between  the  circulation  in 
the  arm  elevated  above  the  head  and  hanging  by  the  side.  In  the  one  case  the  veins  are 
readily  emptied  and  contain  but  little  blood,  and  in  the  other  the  circulation  is  more 
difficult  and  the  vessels  are  moderately  distended.  The  walls  of  the  veins  are  thickest 
and  the  valves  are  most  numerous  in  parts  of  tlie  body  which  are  habitually  dependent. 
The  influence  of  gravity  is  exemplified  in  the  production  of  varicose  veins  in  the  lower 
extremities.  This  disease  is  frequently  induced  by  occupations  which  require  constant 
standing;  but  the  exercise  of  walking,  aiding  the  venous  circulation,  as  it  does,  by  the 
muscular  effort,  has  no  such  tendency. 

Circulation  in  the  Cranial  Cavity. — In  the  encephalic  cavity,  there  are  certain  pecu- 
liarities in  the  anatomy  of  some  of  the  vessels,  with  exceptional  conditions  of  the  blood 
as  regards  atmospheric  pressure,  which  have  been  considered  capable  of  essentially  modi- 
fying the  circulation.  In  the  adult,  the  cranium  is  a  closed,  air-tight  box,  containing  the 
incompressible  cerebral  substance,  and  blood ;  conditions  which  are  widely  different  from 
those  presented  in  other  parts  of  the  system.  On  this  account  some  have  gone  so  far  as 
to  consider  that  any  change  in  the  quantity  of  circulating  fluid  in  the  brain  is  a  physical 
impossibility.  Pathological  facts  in  opposition  to  such  a  view  are  so  numerous  and  well 
established  that  the  question  does  not  now  demand  extended  discussion;  but  it  is  never- 
theless true  that  there  are  anatomical  peculiarities  in  these  parts,  the  effects  of  which 
on  the  circulation  present  important  and  interesting  points  for  study. 

In  the  brain,  the  venous  passages  which  correspond  to  the  great  veins  of  other  parts 
are  in  the  form  of  sinuses  l>etween  the  folds  of  the  dura  mater  and  are  but  slightly 
dilatable.  In  the  perfectly-consolidated  adult  head,  the  blood  is  not  subjected  to 
atmosj)heric  pressure,  as  in  other  parts,  and  the  semisolids  and  liquids  which  com- 
pose the  encephalic  mass  cannot  increase  in  size  in  congestion  and  diminish  in  anae- 
mia. Notwithstanding  these  conditions,  the  fact  remains,  that  examinations  of  the 
vessels  of  the  brain  after  death  show  great  differences  in  the  quantity  of  blood  which 
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ihgf  contain.  The  question  then  arifles  m  to  what  is  displaced  to  make  room  for 
Uw  blood  ia  oongestioD,  and  what  dupplies  tbo  place  of  the  blood  in  nn®niia.  An 
maibamical  pecalianty^  which  ha^i  nut  yet  been  considered^  offers  an  explanation  of 
tbmd  phenomena.  Magendie  has  dbown,  bj  obaerTationa  on  living  animals,  con6rmed 
bf  dia^^etioua  of  the  human  bodv^  that  between  the  pia  inatcr  and  tbo  arachnoid  of  the 
lifttin  and  «pmal  cord  there  existsi  a  Hqaid,  the  coplmlo-rmbidian  duid,  winch  is  capable 
»^  p.ti'^Dg  from  the  anr&ce  of  the  brain  lo  tbo  spinal  canaJ  and  conirauuicates  with  the 
fluid  in  the  ventricled.  Tbi:*  be  has  conclusively  demonstrated  to  he  situated,  not 
Mwcen  the  layers  of  tbe  aracbiiuid,  as  WiLs  suppoi*ed  by  Bicbat,  but  between  the  inner 
Ujcr  ti£  thia  membrane  and  the  pia  mater.  Tbe  commujviciition  between  the  cranial 
canty  and  the  spinal  canal  U  very  free.  This  baa  been  dutuonstrated  by  exfiosing  the  dura 
mater  of  the  brain  and  of  the  cord,  making  an  opening  in  tbe  membranes  of  the  cord  ao 
10  to  allow  the  liquid  to  escape  (which  it  doen  in  tjuite  a  forcible  jet)^  when  pressure  on  the 
OMBibrancsof  the  brain  not  only  accelerated  the  tlow  but  preiitsed  onta  qnanlity  of  tbe  liquid 
tiUt  all  that  would  escape  ai>ontaneoue)y  hnil  been  evacuated.  It  ia  easy  to  see  one  of 
tkt  phjfliologic&l  uses  of  this  livinid.  When  tbe  pressure  of  blood  in  the  arteries  leading 
to  the  hnun  ia  increased  or  when  there  h  an  obstacle  to  its  return  by  tbo  veins^  more  or 
leB  congestion  takes  place,  and  tbe  blood  ffirces  tbe  !ie|uid  from  tbe  cranial  into  the  spinal 
eartty ;  the  reverse  taking  place  when  the  ^^^npply  of  blaiHl  to  the  brain  la  diminisbed. 
Tbe  fimctlons  of  all  highly-organized  and  vascular  parts  aeem  to  require  certain  varia- 
tiooa  in  the  supply  of  blood ;  and  there  h  no  reaj*on  to  suppose  that  the  brain,  in  its 
Tarieti  conditions  of  activity  and  repose,  ia  any  oiception  to  this  general  rule,  although 
the  ph  ^1  conditions  of  its  vascularity  are  not  easily  #itudied* 

Fh^  -,  even  before  the  time  of  Haller^  had  noticed  alternate  movementa  of 

cipansion  and  contraction  in  tbo  brain,  connected  with  tbe  acts  of  respiration.  Tbia  h 
ebserved  in  children  before  tbe  fontanels  are  closed,  ami  ia  tbe  adult  when  tbo  brain  la 
exposed  by  an  injury  or  a  surgical  oi)eration.  The  movementa  are,  an  expanmon  with  the 
act  of  erjiiration,  which,  in  violent  efforts,  is  aometimes  so  considerable  as  to  produce 
:pit>f fusion,  and  contraction  with  inspiration.  Magendie  also  studied  these  movements, 
nhich  he  explained  in  the  following  way :  With  the  act  of  expiration*  the  flow  of  hloud 
i&  the  arteries  is  favored,  and  tbe  current  in  tlie  veins  is  retarded.  If  the  effort  be 
olentf  the  valve  at  tbe  opening  of  the  internal  jugular  may  be  closed.     This  act  would 

looe  an  expansion  of  tbe  brain,  not  from  retlux  by  tbe  veins,  but  from  tbe  fjict  that 
Ibe  flow  into  tbe  chest  is  impeded^  and  the  blood,  while  passing  in  more  freely  by  tbo 
irteHeSf  is  momentarily  confined.  With  inspiration,  the  tlow  into  the  thorax  b  mate- 
rilUy  aided,  and  the  brain  is  in  some  degree  relieved  of  this  expanding  force. 

Robin,  His,  and  otliers  have  noted  a  peculiarity  in  tlio  small  vessels  of  the  brain» 
linal  cord,  and  pia  mater,  which  is  curious,  but  the  pbygiulogicul  signitieanee  of  whicli  is 

;  yet  apparent.    These  vessels  are  surrounded  by  a  thin,  amorphous  sheath,  which  baa 

.  duimet4?r  of  from  yj*jpy  to  ^5  of  an  Inch  greater  than  that  of  tlie  vessel  itself     Be- 

,  thia  and  the  blood-vessel  is  a  transparent  liquid.     This  structure,  which  has  been 

i  in  DO  other  part  of  tbe  circulatory  system,  h  regarded  by  Robin  as  the  com* 

Bceinent  of  the  lymphatics  of  the  nervous  centres.  What  effect  this  disposition  of 
els  may  have  upon  the  facility  with  which  they  may  become  dilated  or  contracted, 
it  i»  difficult  to  determine.  • 


Ol90ukUien  in  Ertetile  Tumu, — In  the  organs  of  generation  of  both  sexes,  there 
1  a  tii«ne  which  is  subject  to  great  increase  in  volume  and  rigidity  when  in  a  state 
r  what  b  called  erection.     The  parts  in  whicli  the  erectile  tissue  exists  are,  in  the  male, 

f  corpora  cavernosa  of  the  penis,  tbe  corpora  spongiosa,  with  the  glans  penis;  and,  in 

)  (em^e^  the  corpora  cavernosa  of  tbe  clitoris,  the  gland  of  the  clitoris,  and  the  buib 
'  the  veatibulo*     In  addition,  Rouget  has  lately  demonstrated  the  presence  of  a  strnct- 

•  amdogouB  to  erectile  tiaane  in  the  bo<ly  of  the  uterus  and  in  a  bulb  annexed  to  the 
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ovary  of  the  hnmau  female.     He  has  sbawn  by  iDJectiona  that  the  nteraa  is  capable  of 
erection  like  the  penis.     In  &ome  other  parts^  Buch  as  the  nipple  and  the  m^icous  mem- 
brane of  the  vdginii,  wliifh  are  sometimwa  (lescrihed  as  erectile,  the  peculiar  va»colflr| 
flrrangenieut  whicli  is  ^characteristic  of  true  erectile  tissues  is  not  found.     In  the  nipple^  [ 
the  hardness  which  follows  gentle  stitnulatiun  is  simply  the  result  of  contraction  of  tho 
sfDOoth  muscular  tibres  with  which  this  part  is  largely  supplied,  und  it  in  analogoos  to  the  j 
elevation  of  the  follicle*  of  the  skin  from  the  same  cause,  in  what  id  called  goose-tlesh. 
In  the  vagina,  congestion  may  occur,  as  in  other  mucous  membranes,  but  there  is  no 
proper  erection. 

The  vaseular  arrangement  In  erectile  organs,  of  which  the  penis  may  be  taken  as  the 
type,  is  peculiar  to  them  and  is  not  found  in  any  other  part  of  the  circulatory  system. 
Taking  the  penis  as  an  example,  the  arteries^  which  have  on  unusually-thick  muscolar 
coat,  after  they  have  entered  the  organ,  do  not  simply  branch  and  divide  dichotomonsly, 
as  in  most  other  parts,  but.  send  oft*  large  numbers  of  arborescent  branches,  which  imme* 
dlately  become  tortuous  and  are  distributed  in  the  cavernous  and  spon^ry  bodies  in  nn* 
merous  anastomosing  vessels,  with  but  a  tiingle  thin,  hoinogeneous  coat,  like  the  tjme 
capillaries.  These  vessels  are  larger,  even,  than  tho  arterioles  which  supply  them  with 
blood,  some  having  a  diameter  of  from  J^  to  ^^  of  im  inch.  The  cavernous  bodies  have 
an  external  investment  of  strong  fibrous  tiAme  of  considerable  elasticity,  which  sends 
bands,  or  trabecule,  into  the  interior,  by  which  it  is  divided  u]j  int^j  cells.  The  trabecnl® 
are  composed  of  tibrous  tissue  mixed  with  a  large  number  of  smooth  muscular  fibres. 
These  cells  lodge  the  blood-vessels,  which  ramify  in  tlic  tortuous  manner  already  indicated 
and  finally  terminate  in  the  veins.  The  anatomy  of  the  corpora  spongiosa  is  essentially 
the  same,  the  only  difference  being  that  the  fibrous  envelope  and  the  trabeculae  are  more 
delicate  and  tho  cells  are  of  smaller  size. 

Without  going  fully  into  the  meclianism  of  erection,  which  comes  more  properly 
nnder  the  head  of  generation,  it  may  be  stated  in  general  terms  that,  daring  sexual 
excitement,  or  when  erection  occurs  from  any  canse,  tho  lliick  muscular  walls  of  the 
arteries  of  supply  relax  and  allow  the  arterial  pressure  to  distend  the  capacious  vessels 
hedged  in  the  cells  of  the  cavernous  and  sponj^y  bodies.  This  produces  tlie  characteristic 
chftngc  in  the  volume  and  position  of  the  organ.  It  is  evident  that  erection  depends  upon 
the  peculiar  arrjingement  of  the  blood-vessels^  and  is  not  simply  a  congestion^  soch  as 
could  occur  in  any  vascular  part.  During  erection,  there  is  not  a  stasia  of  blood;  but, 
if  it  continue  for  any  length  of  time,  the  quantity  which  passes  out  of  tho  part  by  the 
veins  must  be  equal  to  that  which  possea  in  by  the  arteries. 


Deritatitse  Circulation, — In  some  parts  of  the  circulatory  systeruj  there  exists  a  di- 
rect communication  between  the  arteries  and  the  veins,  so  that  all  the  blood  does  not 
oecessarity  pass  through  the  minute  vessels  which  have  been  described  as  true  capilla- 
ries. This  peculiarity,  which  bad  been  noted  by  Todd  and  Bowman,  Paget,  and  others, 
has  been  closely  studied  by  M.  Snequet,  wlio  wns  first  !cd  to  investigate  the  subject  by 
noticing  that  by  iiyecting  a  very  small  qunntity  of  fiuid,  entirely  insuHicient  to  fill  nil 
the  capillaries  of  a  member,  it  was  returned  by  certain  of  the  veins.  On  using  a  black, 
solidifiable  injection,  ho  found  that  there  were  certain  parts  of  the  upper  and  lower  ex- 
tremities and  the  head  wliicb  became  colored  by  the  injection,  while  other  parts  were 
not  penetrated.  Following  this  out  by  diSv'wction,  he  showed  that,  in  the  upper  extrem- 
ity, the  skin  of  the  fingers  and  part  of  the  palm  of  tho  hand  and  the  skin  over  the  ole- 
cranon are  provided  with  vessels  of  considerable  size,  which  aliowed  the  fluid  injected  by 
the  axillary  artery  to  pa^s  directly  Into  some  of  tho  veins,  while  in  other  parts  the  veins 
were  entirely  empty.  Extending  bis  researches  to  the  lower  extremity,  he  found  analo- 
gous communications  between  the  vessels  in  the  knee,  toes,  and  parts  of  the  s<de  of  the 
foot.  He  also  found  communications  in  the  nose,  cheeks,  lips,  forehead,  and  ends  of  the 
ears,  ports  which  are  particularly  liable  to  changes  in  color  from  congestion  of  vessels. 
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2l  19  erideiit  that,  QDder  certain  oircumstances^  a  Iiirger  quantity  of  btood  thao  umal 
UtBif  pam  through  these  parts  without  necfssarily  penetrutiDg  the  true  cnpilUrits  and 
t  exerting  a  tuodifnog  induetice  upon  nutrition.  Tho  chanj^es  w!ijch  are  liable  to  oo- 
'  m  the  quatitltjr  of  blooiJ,  in  ttie  force  of  tijo  heart's  aelion.  etc.,  may  thus  take  place 
;  disturbing  the  circulation  in  tbe  capillarie.%  a  provision  \vhicl»  the  functions  of 
.ttifBrta  would  seem  to  demand. 


i 


Pulmtmary  Circulation, — The  vascular  system  of  the  lungs  merits  the  name,  which 
m  frequently  applied  to  it,  of  tlie  lessor  circulation*  The  ri^ht  side  of  t!ie  heart  acta 
tonJtaneonsly  with  the  \q%  but  is  entirely  distiuut  from  it,  and  its  musculnr  walls  are 
Wfy  much  le**  powerful.  The  pulmonary  artery  has  thinner  and  more  diatenaible  coats 
thu  the  aorta  and  distributes  its  blood  to  a  single  system  of  capillaries,  situated  very 
near  the  heart.  We  have  seen  that  the  oritice  of  the  pulnion.'iry  artery  is  pj-ovided  with 
Tiives  which  prevent  re^^urgitatioii  into  the  ventricle.  In  the  substance  of  the  lungs, 
tbe  pnlmanary  artery  is  broken  up  into  eaiVillaries,  most  of  them  just  large  enough  to 
«Dow  the  passage  of  the  bl oik! -corpuscles  in  a  sini^le  row.  These  vessels  are  provided 
with  a  single  coat  and  form  a  very  close  net -work  surrounding  tlie  air-cells.  From  the 
flSfitllAriea  the  blood  ia  collected  by  the  puhuonary  veins  tind  conveyed  to  the  left  auri- 
There  is  no  great  dispdrity  between  the  artericj*  and  veins  of  llie  pulmonary  system 
r«gmrds  capacity.     The  puhnonary  veins  in  the  human  subject  are  not  provided  with 


Tbe  blood  in  its  passage  through  the  lungs  does  not  meet  with  the  resistance  which 
k  presented  in  the  systeioic  circulation.  Thi«  fact  we  have  often  noticed  in  injecting 
dcfibfiniited  blood  through  the  lungs  uf  an  animal  just  killed.  We  have  also  observed 
littt  ttn  ijyection  passes  through  the  lungs  ai  easily  when  they  are  collap-ed  a«  when  they 
trf  inflated.  The  anatomy  of  the  circulatory  system  in  the  lungs  and  of  the  right  side 
of  the  heart  shows  that  the  blood  must  pass  throtigh  tliese  organs  with  comparative  fa^ 
eifity.  The  power  of  tiie  right  ventricle  \n  evidently  less  than  half  that  of  the  left,  and 
the  pulinonary  artery  will  sustain  a  much  less  pressure  than  the  aorta. 

The  two  sides  of  the  heart  act  simultaneously  ;  and  at  the  same  thae  that  the  blood 
ii  aeni  by  the  left  ventricle  to  the  system  it  is  sent  by  the  rigbt  ventricle  to  the  lungs. 
Some  physiologists  have  endeavored  to  measure  the  pressure  of  blood  in  tlie  j>ulmonary 
trtery.  The  only  experiments  which  have  not  involved  opening  the  thoracic  cavity,  an 
operation  which  must  interfere  materially  witb  the  pressure  of  blood  in  the  pulmonary 
artery,  as  it  dtK?s  with  the  general  arterial  pressure,  are  those  of  Chaoveau  and  Faivre. 
These  observers  measured  the  pressure  by  connecting  a  cardiometer  with  a  trocar  intro* 
diicvd  into  the  pulmonary  artery  of  a  living  horse  through  one  of  the  intercostal  spaces, 
imi  found  it  to  be  about  one-third  as  great  as  the  pressure  in  the  aorta  \  an  estimate 
wbteh  corresponds  pretty  nearly  with  tlie  comparative  power  of  the  two  ventricles,  as 
d^dnced  from  the  thickness  of  their  musculor  walls. 

Anatomy  teaches  us  that  the  capillaries  of  the  lungs  have  exceedingly  delicate  walls; 
and  it  is  evident  that  rupture  of  these  vessels  from  excessive  action  of  the  heart  would 
lead  to  grave  results.  It  has  already  been  noted  that  on  the  right  side  the  lungs  are  pro- 
tected by  an  insufficiency  of  the  auriculo-ventricnlar  valves,  which  does  not  exist  on  the 
left  side,  allowing  a  certain  degree  of  regurgitation  when  the  heart  is  acting  with  un- 
Qsaal  furce,  and  tlius  relieving,  to  a  certain  extent,  the  pulmonary  system*  This  waa 
pointed  out  by  Mr.  King,  of  London,  and  is  called  the  safety-valve  function  of  the  right 
ventricle.  We  have  noticed,  in  the  heart  of  the  ox,  a  similar  difference  between  the 
aortic  and  the  pulmonic  semilunar  valves.     If  these  be  exfiosed  on  both  sides  hj  cutting 

ay  portions  of  the  ventricles,  and  if  a  current  of  liquid  be  forced  against  them  through 

le  vessels,  the  aortic  valves  will  be  found  to  entirely  prevent  the  passage  of*  the  liquid, 

even  nnder  very  great  pressure,  while  the  pulmonic  valves  permit  regurgitation  under 

I  comparatively  inconsiderable  force.     A  little  reflection  will  make  it  evident  that, 
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when  the  heart  is  acting  with  undue  vigor,  it  is  quite  as  important  to  relieve  the  Inngs 
by  a  certuin  amount  of  regurgitation  from  tlie  pulmonary  art«?ry  as  by  insufficieney  of 
the  tricuspid  valvet*.  This  insufficieuey  is  important,  both  at  the  aiiriculo-ventricuUir 
and  the  pulmonic  orificef?,  in  protecting  the  delicate  structure  of  the  longs  from  the  Taria- 
tions  in  force  to  w  bicJi  the  action  of  both  veutriclcs  ts  coustuutly  liable. 

On  microscopical  examination  of  the  circulation  in  the  lower  animals,  aa  the  frog,  the  I 
movement  of  blood  in  the  eii[>illttries  of  the  lungs  does  not  present  any  differences  from 
the  capillary  circulation  in  other  parts,  except  that  the  vessels  seem  more  crowded  with 
corpuscles  and  there  is  no  ^^  still  layer  ^^  next  their  walls. 

There  are  no  forces  of  any  importance  which  are  superadded  to  the  action  of  the 
right  ventricle  In  the  production  of  the  arterial,  capillary,  or  venous  circulation  in  the 
lungs;  but  there  are  certain  conditions  which  may  obstruct  the  flow  of  blood  through 
these  parts.  We  have  already  noted  the  effect  of  introduction  of  air  into  the  veins  m  | 
blocking  tip  the  capillaries  of  the  lungs  and  preventing  the  passage  of  blood.  It  is  a  view 
pretty  generally  entertained  that  in  asphyxia  the  non-aC'ration  of  the  blood  obstructs  the 
pulmonary  circulation,  We  liave  already  considered  this  subject  rather  fully  in  treating  , 
of  the  general  effects  of  arrest  of  respiration  on  the  circulation.  The  celebrated  eiperi- 
ments  of  Bichat  demonstrated  the  passage  of  black  blood  throngli  the  lungs  in  aspbyxiu 
and  its  presence  in  the  arterial  system.  The  experiments  of  Dalton  and  others  have 
shown  that,  in  this  conditioUj  the  obstruction  to  the  circulation  occurs  first  in  the  sys* 
temic  capillaries,  and  the  distention  is  propagated  backward  through  the  great  vessels  ' 
and  the  left  cavities  of  the  heart  to  the  right  side.  When  the  heart  is  exposed  in  a  living  I 
ammal  and  artitieial  respiration  is  kept  up,  temporary  arrest  of  the  respiration  produces 
engorgement  and  labored  action  of  both  ventricles.  There  are  no  obsen^ations  which  show 
that  increase  of  pressure  in  the  pulmonary  artery  h  the  first  and  the  nnniediate  result 
of  asphyxia,  It  is  true  tliut,  after  death,  the  ri^dit  side  of  the  heart  is  engorged  ;  but  it 
is  well  known,  from  observations  after  deatij  and  experiments  on  living  animals,  that  the 
ionic  contraction  of  the  arteries  is  competent  to  empty  the  blood  into  the  veins;  and 
the  facts  jnst  stated  regarding  the  insufficiency  of  the  pulmonic  semilunar  valves  explain 
how  the  right  side  of  the  heart  may  become  engorged  as  the  result  of  obstruction  to  the 
blood-current  in  the  letlt  side.  Established  facts  seem  to  show  that  asphyxia  does  not 
primarily  affect  the  pulmonary  circulation,  but  that  it  is  possible  fur  venous  blood  to 
pass  through  the  lungs  without  undergoing  arterialization. 

Cireulation  in  the  Walk  oftha  ffeart.^ThQ  fact  that  the  contractions  of  the  muscu-  ' 
lar  walb  of  the  heart,  by  which  the  blood  is  diselmiged  from  the  veniricles  into  the 
great  arteries,  necessarily  compress  the  vessels  in  the  substance  of  the  heart  itself 
would  lead  us  to  expect  eortda  peculiarities  in  the  cardiac  circulation*    This  question  has 
been  lately  studied  by  Lanne!ongue»  who  has  arrived  at  the  following  results: 

During  the  ventricular  systole,  which  discharges  the  blood  into  the  aorta»  the  veaselA 
in  tlie  substance  of  the  ventricles  are  nearly  empty,  and  the  vessels  in  the  aurienlar  walls 
are  filled.  During  the  auricular  systole,  tlie  auricular  vessels  are  em]>ty  and  the  ventricu- 
lar vessels  are  filled.  We  can  readily  understand  this  wlien  we  reflect  that  the  vessels 
in  the  subatanoe  of  the  heart  must  be  compressed  when  the  muscular  fibres  contraot. 


Oeneral  Rapidity  f>f  the  Circulation. 

Several  questions  of  considerable  physiological  interest  arise  in  connection  with  the 
general  rapidity  of  the  circulation  : 

1,  It  would  be  interesting  to  determine,  if  possible,  what  length  of  time  is  occupied 
hy  the  blood  in  it^  passage  through  the  entire  circuit  of  both  the  lesser  and  the  greater 
circulation, 

2,  What  is  the  time  re([nired  for  the  passage  of  the  entire  mass  of  blood  throngli  the 
heart? 
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GENERAL  RAPIDITY  OF  THE  CrRGULATION. 


Ill 


8^  Wluit  inflaeno^  has  the  niiinber  of  pulsations  of  the  heart  on  the  general  rapiditjr 
of  the  circulation  ? 

The  first  of  these  questions  is  the  one  which  has  been  most  satisfactorilj  answered  bj 
experiments  on  lining  animals.  In  1827,  Bering,  a  German  pliysiolagiist,  performed  the 
eiperiment  of  injecting  into  the  jugular  vein  of  a  living  animal  a  liiirmless  substance, 
which  could  be  easiJy  recognized  by  ita  cbeniical  reactions,  and  noted  the  time  which 
(•lii))^!!  before  it  coiiJd  be  detected  in  the  blood  of  the  vein  of  the  o[ipt>!*ile  side.  This 
pre  the  first  correct  idea  of  tlie  rapidity  of  the  circulation ;  for,  although  the  ohJer 
plijjiologii^ts  had  studied  the  subject,  their  estimates  were  founded  on  ealculatiuns  which 
bail]  DO  accurate  basis  and  gave  very  varied  re^jults.  The  experiment  of  Ileriug  is  often 
ronghJy  ju  rformed  as  a  physiological  demonstration ;  and  ^  e  have  thus  had  frequent  oc- 
tieiun.^  tu  verify,  in  a  general  way,  its  accuracy.  If,  for  exanijdej  we  expos©  both  jugu- 
Uta  in  a  dog,  injct^t  into  one  a  solution  of  ferrocyanide  of  potassium  in  water,  and  draw 
lipecimen  of  blood  from  the  other  with  as  little  lo^sof  titue  as  possible,  it  will  be  found 
IImI,  within  twenty  or  thirty  seconds  after  the  iryection,  the  salt  has  had  time  to  pass 
from  the  jugidar  to  the  right  iivart^  thence  to  the  lungs  and  left  heart,  and  thence 
dinnigh  the  capillaries  of  the  head  and  face  back  to  the  jugular  on  the  opposite  side, 

presence  can  he  determined  hy  the  ^iistinct  blue  color  produced  ou  the  addition  of 

p^rchloride  of  iron  to  the  sennn,  if  the  specimen  be  allowed  to  stand,  or  a  clear  ex- 
tnct  of  the  blood  may  be  made  by  boiling  with  a  little  sulphate  of  soda  and  filtering, 
tieaiiog  the  colorless  licjuid  tlius  ohtaiued  with  the  salt  of  iron.  In  luakiug  the  test  of 
til«  hJood-extraot  or  serum,  the  addition  of  a  drop  of  nitric  acid  before  the  perchloride  of 
iron  is  added  will  render  the  blue  reaction  much  more  prompt  and  distinct  if  tlio  ferro- 
ryanide  be  presenL 

The  experiments  of  Hering  were  evidently  conducted  with  great  care  and  accuracy. 
He  drew  the  blood  at  intervals  of  five  seconds  after  the  commencement  of  tlie  injection, 
and  thna,  by  repeated  observations,  ascertained  pretty  nearly  the  rapidity  of  a  circuit  of 
Uood  in  tlje  animals  on  which  he  experinieuted.  Others  have  taken  up  tliese  love^tiga- 
tioos  and  introduced  some  modifications  in  the  manipulations.  Vierordt  collected  the 
hktod  aa  it  flowed,  in  little  vessels  fixed  on  a  disk  revolving  at  a  known  rate,  which  gave 
moro  ezftctness  to  the  observations ;  but  this  method  is  essentially  the  same  as  that  em- 
ployed by  Hering,  and  the  results  obtained  hy  these  two  observers  nearly  correspond. 

The  length  of  time  occupied  by  a  portion  of  blood  in  making  a  complete  circuit  of 
the  vascular  sys-tero,  in  the  human  subjt^ct,  is  only  to  be  deduced  from  observations  on 
the  Inferior  animals;  but,  betbri'  this  application  is  made,  it  will  be  well  to  examine  the 
obji^etiona,  if  any  exist,  to  the  experimental  procedure  above  described. 

The  only  objection  which  could  be  made  is»  that  a  saline  sidation,  introduced  into  the 
torrrat  of  the  circuhitlon,  would  have  a  tendency  to  diffuse  itself  throughout  the  whole 
nuui  of  blood,  it  might  be,  with  considerable  rapidity.  Tliis  objection  to  the  observa- 
tioofl  of  Ilering  has  l>een  made  by  Matteucci  and  is  considered  hy  him  as  fatal  to  their 
mmt^cy.  It  certainly  is  an  element  which  should  be  taken  into  account;  but,  from  the 
Unite  data  which  have  been  obtained  concerning  tlie  rapidity  of  the  arterial  circula- 
iaeQ  and  the  inferences  which  are  unavoidablt?  with  regard  to  the  rapidity  of  the  venous 
eirenlatian,  it  would  seem  that  the  saline  solution  must  i>e  carried  on  hy  the  mere  rapid- 
ity of  the  arterial  flow  to  the  capiharies,  w*hich  are  very  short,  taken  up  from  them,  and 
eiirrl<Hi  on  by  the  veins,  and  thus  through  the  entire  circuit,  before  it  has  had  time  to 
dtfbdie  itself  to  any  considerable  extent.  It  is  not  apparent  how  this*  objection  can  bo 
overeonie,  for  a  substance  m^ist  be  used  which  will  mix  with  the  blood,  otherwise  it 
oodd  not  pa*s  through  the  capdlaries. 

There  seems  no  reason  why,  with  the  above  restrictions,  the  results  obtained  by 
Hering  sbonld  not  be  accepted,  and  their  apphcation  be  made  to  the  human  subject. 

Hering  found  that  the  rapidity  of  the  circulation  in  di^erent  animals  w^as  in  Inverse 
ratio  to  their  mze  and  in  direct  ratio  to  the  rapidity  of  the  action  of  the  lieart. 
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The  following  are  the  mean  results  in  certain  of  the  domestic  animals,  taking  the 
course  from  jugular  to  jugular,  when  the  hlood  passes  through  the  lungs  and  through  the 
capillaries  of  the  face  and  head : 

In  the  Horse,  the  circulation  is  accomplished  in  27*8  seconds. 
"      Dog,  "  "  16-2      " 

"      Goat,  "  "  12-8       " 

"      Rabbit,  "  *♦  6'9       " 

Applying  these  results  to  the  human  subject,  taking  into  account  the  size  of  the  body 
and  the  rapidity  of  the  hearths  action,  the  duration  of  the  circuit  from  one  jugular  to 
the  other  may  be  estimated  at  21*4  seconds,  and  the  general  average  through  the  entire 
system,  at  23  seconds.  This  is  simply  approximative ;  but  the  results  in  the  inferior  ani- 
mals may  be  received  as  very  nearly,  if  not  entirely  accurate. 

Estimates  of  the  time  required  for  the  passage  of  the  whole  mass  of  blood  through 
the  heart  are  even  less  definite  than  the  estimate  of  the  general  rapidity  of  the  ciroola- 
tion.  To  arrive  at  any  satisfactory  result,  it  is  necessary  to  know  tlie  entire  quantity  of 
blood  in  the  body  and  the  exact  quantity  which  passes  through  the  heart  at  each  pulsa- 
tion. If  we  divide  the  whole  mass  of  blood  by  the  quantity  discharged  from  the  heart 
with  each  ventricular  systole,  we  ascertain  the  number  of  pulsations  required  for  the 
passage  of  the  whole  mass  of  blood  through  the  heart ;  and,  knowing  the  number  of 
boats  per  minute,  we  can  ascertain  the  length  of  time  thus  occupied.  The  objection  to 
this  kind  of  estimate  is  the  inaccuracy  of  the  data  respecting  the  quantity  of  blood  in 
the  system  as  well  as  the  quantity  which  passes  through  the  heart  with  each  pulsation. 
Nevertheless,  an  estimate  can  be  made,  which,  if  it  be  not  entirely  accurate,  cannot  be 
very  far  from  the  truth. 

The  entire  quantity  of  blood,  according  to  estimates  which  seem  to  be  based  on  the 
most  reliable  data,  is  about  one-eighth  the  weight  of  the  body,  or  eighteen  pounds,  in  a 
man  weighing  one  hundred  and  forty-four.  The  quantity  discharged  at  each  ventricular 
systole  is  estimated  by  Valentin  at  five  ounces,  and  by  Volkmann,  at  six  ounces.  In 
treating  of  the  capacity  of  the  different  cavities  of  the  heart,  it  has  been  noted  that  the 
left  ventricle,  when  fully  distended,  contains  from  five  to  seven  ounces.  Assuming  that, 
at  each  systole,  the  left  ventricle  discharges  all  its  blood,  except  perhaps  a  few  drops, 
and  that  this  (luantity  in  an  ordinary-sized  man  is  five  ounces  (for  in  the  estimates  of 
Robin  and  Iliffelsheim,  the  cavities  were  fully  distended,  and  contained  more  than  under 
the  ordinary  conditions  of  the  circulation),  it  would  require  fifty-eight  pulsations  for  the 
passage  through  the  heart  of  the  entire  mass  of  blood.  Assuming  the  pulsations  to  be 
seventy-two  per  minute,  this  would  occupy  about  forty-eight  seconds. 

The  almost  instantaneous  action  of  certain  poisons,  which  must  act  through  the  blood, 
confirms  our  ideas  with  regard  to  the  rapidity  of  the  circulation.  The  intervals  between 
the  introduction  of  some  agents,  strychnine  for  example,  into  the  circulation,  and  the 
characteristic  effects  on  the  system,  have  been  carefully  noted  by  Blake,  whose  observa- 
tions coincide  pretty  closely  in  their  results  with  the  experiments  of  llering. 

The  relation  of  the  rapidity  of  the  circulation  to  the  frequency  of  the  heart's  action  is 
a  question  of  considerable  interest,  which  was  not  neglected  in  the  experiments  of  Hering. 
It  is  evident  that,  if  the  charge  of  blood  sent  into  tl)e  arteries  be  the  same,  or  nearly  the 
same,  under  all  circumstances,  any  increase  in  the  number  of  pulsations  of  the  heart  would 
produce  a  corresponding  acceleration  of  the  general  current  of  blood.  But  this  is  a  propo- 
sition whioli  cannot  be  taken  for  granted  ;  and  there  are  many  facts  which  favor  a  con- 
trary opinion.  It  may  be  ennnciated  as  a  general  rule  that  when  the  acts  of  the  heart 
increase  in  frequency  they  diminish  in  force ;  which  renders  it  probable  that  the  ventricle 
is  most  completely  distended  and  emptied  when  its  action  is  moderately  slow.  When, 
however,  the  pulse  is  very  much  accelerated,  the  increased  number  of  pulsations  of  the 
heart  might  be  sufficient  to  overbalance  the  diminished  force  of  each  act  and  would  thus 
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«cCisillj  tncreafle  tho  rapiditj  of  the  circulation.  HoriDg  Ims  sottled  these  questions  ox- 
pcrimefiiAUjr.  Uis  observatioDS  were  made  od  Ixor^ea,  by  mcreasiDg  the  freqiiencjr  of 
tht  yiuhe^  on  the  one  hand,  physiologically,  by  exercise,  and  on  the  other  hand»  patho- 
logicdlj,  by  inducing  inilammatory  action.  He  tound|  in  the  first  instance,  that,  in  a 
borM,  with  the  heart  beating  at  the  rate  of  thirty -six  per  minute^  with  eight  respiratory 
tetif  ferrocyanide  of  potassium  injectt'd  into  tko  jugular  appeared  in  the  vessel  on  the 
<|y»il#  aide  after  &n  interval  of  from  tweoty  to  twciity-tive  second;).  By  exeroise,  the 
anber  of  pulsattona  was  raised  to  one  lumdrud  per  minQter  and  the  rapidity  of  the  cLr- 
eoktion  w&s  firom  fifteen  to  twenty  seconds.  The  observations  were  made  with  an 
blenral  of  twenty-four  hours.  The  same  results  were  obtained  in  other  experiments. 
Her«  there  is  a  considerable  iDcrcase  in  the  rapidity  of  the  clrcalution  following  a  phyaio- 
lofn/p^  iocreAse  in  the  number  of  beats  of  the  heart;  l>ut  the  value  of  each  beat  is  materi- 
iWj  diminished;  otherwise,  the  rapidity  of  the  current  would  be  increased  about  three 
fimea^  as  the  pulse  became  three  times  as  frequent.  In  its  tranquil  action,  with  the  pnlse 
tt  tiiirty*sjx,  the  heart  contracted  thirteen  times  during  one  circuit  of  blood;  while  it 
fiqnired  twenty-nine  pulsations  to  send  the  blood  over  the  saTue  course,  alter  exercise, 
with  tlie  pulse  at  one  hundred;  showing  a  diminution  in  the  value  of  the  ventrieuJar  sys- 
tole of  more  thin  one-half.  In  animals  suffering  under  inflammatory  fever,  either  spon* 
or  produced  by  irritants,  the  same  observer  fotmd  a  diminution  in  the  rapidity 
f  circulation,  accompanying  aecelerati*jn  of  tlie  pulse.  In  one  observiition,  infiam- 
,  was  produced  in  the  horse  by  the  injection  of  ammonia  into  the  pericardium.  At 
the  commencement  of  the  experiment,  the  pulse  was  from  seventy-two  to  eighty-four 
fef  minnte^  and  the  duration  of  the  circulation  was  about  twenty -five  secomls.  The  next 
ihf^  with  the  pulse  at  ninety,  the  eircnlation  was  accomplished  in  from  thirty-five  to 
forty  seconds;  and  the  day  following,  with  the  pulse  at  one  hundred,  the  rapidity  of  the 
fircnlaiion  was  diminished  to  from  forty  to  forty-five  sccondg. 

If  we  be  justified  in  applying  tlio  above-mentioned  observations  to  the  bnnian  subject 
(isd  tiiere  I**  no  reason  why  this  should  not  be  done),  it  in  shown  timt,  when  the  pulse  is 
icealerated  in  disease,  the  value  of  the  contractions  of  the  heart,  as  represented  by  the 
t(iciintity  of  blood  discharged,  bears  an  inverse  ratio  to  their  number  and  is  so  much 
4tmini9lied  as  absolutely  to  produce  a  current  of  less  rapidity  than  normal. 

With  regard  to  the  relations  between  the  rapidity  of  the  hearths  action  and  the  gen- 
«rai  rapidity  of  the  circulation,  the  following  conclusions  may  be  given  as  the  results  of 
<'.xper[mental  inquiry ; 

1.  In  physiological  increase  in  the  number  of  beats  of  the  heart,  as  the  result  of  exer- 
ciw,  for  example,  the  general  circulation  is  somewhat  increased  in  rapidity,  though  not 
b  proportion  to  the  increase  in  the  \ni\sQ, 

2.  In  pnthologic.ll  increase  of  the  heart's  action,  as  in  febrile  movement,  the  rapidity 
I  the  general  circulation  is  generally  diminished,  it  may  be,  to  a  very  great  extent. 

3.  Whenever  the  number  of  beats  of  the  heart  is  considerably  increased  from  any 
raoiH^  the  tjnantity  of  blood  discharged  at  each  ventricular  systole  is  very  much  dimin- 
libed,  «ither  from  lack  of  complete  distention  or  from  imperfect  emptying  of  the  cavities. 


Phenomena  in  thf.  Cireylatory  St/Hem  ftfler  Death, — We  do  not  believe  that  any  one 
W  proven  the  existence  of  a  force  in  the  capillaries  or  the  tissues  (capillary  power)  which 
niterially  assists  the  circulHtion  during  life  or  produces  any  movement  inmicdintely  after 
4eat}i ;  and  we  shall  not,  therefore,  discuss  the  extraordinary  post-mortem  phenomena 
of  circulation f  particularly  those  which  have  been  observed  by  Dr»  Dowler  in  subjects 
4i€ad  of  yellow  fever.  But  nearly  every  autopsy  shows  that,  after  death,  the  blood  does 
not  ri?main  equally  distributed  in  the  arteries,  capillaries,  and  veins,  Influeooed  by 
frarjtation.  it  accumulates  in  and  discolors  the  most  dependent  parts  of  the  body.  The 
irteiies  are  always  found  empty,  and  all  the  blood  in  the  body  accumulates  in  the  venous 
ffstom  and  capillaries ;  a  fact  which  was  observed  by  the  ancients  and  gave  rise  to  the 
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belief  that  tlie  arteriea,  as  their  nam©  implies^  were  air-beariug  tubes.  This  has  lon^' 
engaged  tiie  attention  of  physiologists,  who  have  attempted  to  exphiin  it  by  various 
theories.  Witliout  discussing  the  views  on  this  suhject  anterior  to  our  knowledge  of  the 
great  contructilo  power  of  the  arteries  as  compared  with  other  vessels,  we  maj  cit^  the 
following  experiment  of  Magendic  as  otfei'ing  a  satisfactory  explanation.  If  the  artery 
and  vein  of  a  limh  ho  exposed  in  a  living  animal  and  all  tlio  other  vessels  he  tied,  com- 
pression of  the  artery  dues  not  immediately  arrest  the  current  iu  the  vein,  hut  the  blood 
will  continue  to  tiow  until  the  artery  is  entirely  emptied.  The  artery^  when  relieved 
from  the  distending  force  of  the  huart,  reacts  on  its  contents  hy  virtue  of  lis  contractile 
coat  and  completely  empties  itself  of  blood.  An  action  similar  to  this  tates  place  after 
death  throughout  the  entire  arterial  system,  Tlie  vessels  react  on  their  contents  and 
gradually  force  all  the  blood  into  and  through  the  capillaries,  w!iich  aro  very  shorty  to 
the  veins,  which  are  capacious,  distensible,  and  hut  slightly  contractile.  This  bcgini 
immediately  after  death,  while  the  irritability  of  the  muscular  coat  of  the  arteries  remains, 
and  is  seconded  by  the  subsequent  cadaveric  rigidity^  which  affects  all  the  involuntary, 
aa  well  as  the  voluntary  muscukr  fibres,  Onco  in  the  venous  system,  the  blood  cannot 
return  on  account  of  the  valves.  Tiius^  after  death,  the  blood  ia  fonnd  in  the  veins  and 
capillaries  of  dependent  ports  of  the  body. 
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RESPIRATIOK-BSSPnUTOEY  MOVEMMSTS, 


Qeunl  eoDAldcnttoof— Pbystolofflcil  uiittcmiy  of  the  re^epfratofy  orgnnii— Bespiratory  mor^'tnfmta  of  th«  larynx — 
Epl(rlottl6^Ti«oh(»k  SDd  broiiobtftl  tub«0— PBrtincibjrtiisi  of  tbi^  lun|?»— Movemeota  of  rceiplmtioD — InspfnUaa^ 
Muacles  of  Inspfration — Explrotlon-'lQflucroa  of  the  «(a«tictty  of  the  putmonitry  titructuri^  and  wtlla  of  thi»  c 
Qpoti  cxpiratioii — MQsdee  of  oxplnitloii — Action  ot  the  abdominal  musclea  Id  oxplration— Typ««  of  rafpiimlloo — 
Frequency  of  the  re*p1r»toiy  movctneDt*— HelitdoiiB  of  inaplrution  and  expiniHon  to  each  oUier— The  raeptntof^ 
eoiindn^C^luioity  of  tbe  Iuhr-m  and  tbo  fiimntity  of  Atrehaiie«S  lo  tlio  reipiralory  acta — Realdiuil  air--RMenr«i 
itlr—Tldul,  or  broathfng  air— CVttnpJetncnta]  air — EjEtremn  bfealhlaf  capacity— KebUoDt  to  volmoo  of  tb«  eapind 
to  th^  LuKptrad  iU.r^-Difi\iaioa  of  air  in  the  lungs^ 

The  characters  of  the  blood  are  by  no  means  identical  in  the  three  great  divisions  of 
the  vascular  system ;  but  physiolof,nsts  have  thus  fur  been  able  to  investigate  only  the  dif- 
ferences which  exist  betw^een  arterial  and  venous  blood,  for  the  capillaries  are  so  shorty 
commonicatjnif  directly  with  tlie  arteries  on  the  one  side  and  the  veins  on  the  other,  that 
it  is  iraposaiblo  to  obtain  a  specimen  of  true  capillary  blood.  In  the  capillaries,  how- 
ever, the  nutritive  tiuid,  which  is  identical  in  all  parts  of  the  arterial  system,  under- 
goes a  remarkable  change^  which  renders  it  unfit  for  nutrition.  Tliua  modified  it  is 
known  as  venous  blood ;  and,  as  we  have  seen,  the  only  nffice  of  the  veins  is  to 
carry  it  back  to  the  right  side  of  the  heart,  to  be  sent  to  the  lungs,  where  it  loses 
the  vitiating  materials  it  has  collected  in  the  tissues,  takes  in  a  fresh  supply  of  , 
oxygen,  and  goes  to  the  left,  or  systemic  heart,  again  prepared  for  nutrition.  As  the  I 
processes  of  nutrition  vary  in  different  parts  of  the  orgunism,  there  are  of  necessity  cor- 
responding variations  in  the  composition  of  the  blood  throughout  the  venous  system. 

The  important  prineiples  winch  are  given  off  by  the  lungs  are  exhaled  from  the 
blood;  and  the  gns  which  disa|)peara  from  the  air  is  absorbed  by  the  blood,  mainly  by^ 
its  corpuscular  elements. 

A  proper  supply  of  oxygen  is  indispensable  to  nutrition  and  even  to  the  compara- 
tively-mechanical process  of  circulation;  but  it  i&  no  less  necessary  to  the  nutritive  pro- 
ceases  that  carbonic  acid,  which  the  blood  acquires  in  the  tissues,  should  be  given  off. 

Respiration  may  bo  defined  strictly  aa  the  process  by  which  the  variouB  tissues  and 
organs  receive  and  appropriate  oxygen. 
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As  it  13  almost  exolasively  through  the  blood  that  the  tissues  and  organs  are  supplied 
with  oiygen,  aod  as  tho  blood  receives  and  exhales  most  of  the  carbonic  acid,  the  respira- 
tOfX  prooesa  maj  he  said  to  consist  chieliy  in  the  change  of  venous  into  arterial  blood. 
Bat  experimeats  have  demonstrated  that  the  tissues  tbecnselves,  detached  from  the  body 
ftod  placed  in  an  atmosphere  of  oxygen,  will  absorb  this  gas  and  exhale  carbonic  acid. 
Under  these  circumstances,  thcj  certainly  respire ;  and  it  is  evident,  therefore,  that,  in 
Ifaif  prooesa,  the  intervention  of  the  bluod  i^^  not  an  absolate  necessity. 

Tha  tide  of  ^r  in  the  Jungs  does  not  constitute  respiration,  as  we  now  understand  it. 
>  organs  merely  servo  to  facilitate  the  introduction  of  oxygen  into  the  blood  and  the 
;ioa  of  carbonic  acid.  If  the  systern  be  drained  of  blood,  or  if  tlie  blood  be 
.  incapablo  of  interchanging  its  gases  with  the  air,  respiration  ceases,  and  all  the 
Domena  of  asphyxia  are  presented,  although  air  be  introduced  into  the  lungs  with 
feet  regularity*  It  must  be  remembered  that  the  essential  processes  of  respiration 
take  place  in  all  the  tissues  and  organs  of  the  system  and  not  in  tbe  lungs.  Respiration 
is  a  processa  similar  to  what  are  known  as  tbe  processes  of  nutntion ;  and,  although  it  is 
much  more  active  and  uniform  than  tbe  ordinary  nutritive  acts,  it  is  inseparably  con- 
aected  with,  and  strictly  a  part  of  the  general  process.  As,  in  tbe  nutrition  of  the  sub- 
ifeyied  of  tissues,  the  nitrogenizcd  principles  of  tbe  blood  united  with  inorgouio  matters 
I  up,  transformed  into  the  tissue  itself,  finally  clianged  into  eicrementitioos  prod- 
r!i  88  urea  or  cholesterinc,  and  discharged  from  tlie  body,  so  tbe  oxygen  of  the 
I  ia  appropriated,  and  carbonic  acid,  which  is  an  excrementitioos  product,  is  produced, 
&ver  tissues  are  worn  out  and  regenerated.  There  is  a  necessary  and  inseparable 
neciitm  between  all  these  processes;  and  they  most  be  considered,  not  as  distinct 
tlons,  hut  as  different  parts  of  the  one  great  function  of  nutrition.  As  we  are  as 
jet  unable  to  follow  out  all  the  intermediato  changes  which  take  place  between  the 
[>riation  of  nutritive  materials  from  the  blood  and  tbe  production  of  eflete  or  ex- 
nentitiona  substances,  it  is  impossible  to  say  precisely  how  oxygen  is  used  by  the 
and  how  carbonio  acid  is  produced.  We  only  know  that  more  or  less  oxy- 
lia  Deccssary  for  the  nntrition  of  all  lissncs,  in  all  animals,  high  or  low  in  the  scale, 
1  tliat  tiie  tissues  produce  a  certain  quantity  of  carbonic  acid.  The  fact  that  oxygen  is 
Bumed  with  much  greater  rapidity  than  any  other  nutritive  principle  and  that  the 
fvoduetion  of  carbonic  acid  is  correspondingly  active,  as  compared  with  other  efTete 
Aocts,  points  pretty  conclusively  to  a  connection  between  the  absorption  of  the  one 
ttetpld  and  the  production  of  the  other. 
In  some  of  the  lowest  of  the  inferior  animals,  there  is  no  special  respiratory  organ, 
the  interchange  of  gases  being  effected  tfirougb  the  general  surface.  Higher  in  the  ani- 
•d  tcale,  special  organs  are  found,  which  are  called  gills  when  tbe  animals  live  under 
tiler  and  respire  the  air  which  is  in  solution  in  the  water,  and  lungs  when  the  air  is 
i&trudaced  in  a  gaseous  form.  Animals  possessed  of  longs  have  a  tolerably-perfect  cir- 
'  apparatus,  so  that  the  blood  is  mad©  to  pass  continually  through  tlie  respiratory 
In  the  human  subject  and  the  warm-blooded  animals  generally,  the  lungs  are 
•  eomplex  and  present  an  immense  surface  by  which  the  blood  is  exposed  to  the  air, 
ed  from  it  simply  by  a  delicate  and  permeable  membrane.  These  animals  are  like- 
wiie  provided  with  a  special  heart,  which  has  tbe  function  of  carrying  on  the  pulmonnry 
drenlation.  Although  respiration  is  c.arrie<J  on  to  some  extent  by  the  general  surface,  the 
limgsflre  the  important  and  essential  ori/ans  in  which  the  interchange  of  gases  takes  place. 
The  easential  conditions  for  respiration  in  animals  which  have  a  circulating  nutritivo 
flaid  are:  air  and  blood,  separated  by  a  membrane  which  will  allow  the  passage  of  gases. 
The  effete  prodacts  of  respiration  in  the  blood  pass  out  and  vitiate  the  air.  The  air  Is 
deprived  of  a  certain  portion  of  its  oxygen,  which  passes  into  the  blood,  to  be  conveyed 
to  the  tijwiies.  Thits  the  air  must  be  changed  to  supply  fresh  oxygen  and  get  rid  of  tbe 
airbonio  acid.  The  rapidity  of  this  change  is  In  profiortion  to  the  nutritive  activity  of 
llie  animal  and  the  rapidity  of  the  circulation  of  the  blood. 


116  RESPIRATION. 

In  treating  in  detail  of  the  fonction  of  respiration,  it  will  be  convenient  to  make  the 
following  division  of  the  sabjoct : 

1.  The  mechanical  phenomena  of  respiration ;  or  the  processes  bj  which  the  fresh  air 
is  introduced  into  the  lungs  (inspiration),  and  the  vitiated  air  is  expelled  (expiration). 

2.  The  changes  which  the  air  undergoes  in  respiration. 

3.  The  changes  which  the  blood  undergoes  in  respiration. 

4.  The  relations  of  the  consumption  of  oxygen  and  the  production  of  carbonic  acid  to 
the  general  process  of  nutrition. 

5.  The  respiratory  sense ;  a  want,  on  the  part  of  the  system,  which  induces  the  re- 
spiratory acts  {besoin  de  respirer), 

6.  Cutaneous  respiration. 

7.  Asphyxia. 

The  study  of  these  questions  will  be  facilitated  by  a  brief  consideration  of  some 
points  in  the  anatomy  of  the  respiratory  organs. 

Physiological  Anatomy  of  the  JRespiratory  Organs. 

Passing  backward  from  the  mouth  to  the  pharynx,  two  openings  are  observed; 
a  posterior  opening,  which  leads  to  the  oesophagus,  and  an  anterior  opening,  the  opening 
of  the  larynx,  which  is  the  commencement  of  the  passages  devoted  exclusively  t^respi- 
ration.  The  structure  of  the  oesophagus  and  of  the  air-tubes  is  entirely  different.  The 
oesophagus  is  flaccid  and  destined  to  receive  and  convey  to  the  stomach  the  articles  of 
food,  which  are  introduced  by  the  constrictions  of  the  muscles  above.  The  trachea  and 
its  ramifications  are  exclusively  for  the  passage  of  air,  which  is  taken  in  by  a  suction 
force  produced  by  the  enlargement  of  the  thorax.  The  act  of  inhalation  requires  that 
the  tubes  should  be  kept  open  by  walls  sufficiently  rigid  to  resist  the  external  pressure 
of  the  air. 

Beginning  our  description  with  the  larynx,  it  is  seen  that  the  cartilages  of  which  it  is 
composed  are  sufficiently  rigid  and  unyielding  to  resist  the  pressure  produced  by  any  in- 
spiratory effort.  Across  its  superior  opening  are  the  vocal  chords,  which  are  four  in  num- 
ber and  have  a  direction  from  before  backward.  The  two  superior  are  called  the  false  vocal 
chords,  because  thoy  are  not  concerned  in  the  production  of  the  voice.  The  two  inferior 
are  the  true  vocal  chords.  They  are  ligamentous  bands  covered  by  folds  of  mucous  mem- 
brane, which  is  quite  thick  on  the  superior  chords  and  very  thin  and  delicate  on  the  in- 
ferior. Anteriorly,  they  are  attached  to  a  fixed  point  between  the  thyroid  cartilagea,  and 
posteriorly,  to  the  movable  arytenoid  cartilages.  Air  is  admitted  to  the  trachea  through 
an  opening  between  the  chords,  which  is  called  the  rima  glottidis.  Little  muscles,  arising 
from  the  thyroid  and  cricoid  and  attached  to  the  arytenoid  cartilages,  are  capable  of 
separating  and  approximating  the  points  to  which  the  vocal  chords  are  attached  posteri- 
orly, so  as  to  open  and  close  the  rima  glottidis. 

If  the  glottis  bo  exposed  in  a  living  animal,  certain  regular  movements  are  presented, 
which  are  synchronous  with  the  acts  of  respiration.  The  larynx  is  opened  at  each  inspira- 
tion by  the  action  of  the  muscles  referred  to  above,  so  that  the  air  has  a  free  entrance  to 
the  trachea.  At  the  termination  of  the  inspiratory  act,  these  muscles  are  relaxed,  the 
vocal  chords  fall  together  by  their  own  elasticity,  and,  in  expiration,  the  chink  of  the 
glottis  returns  to  the  condition  of  a  narrow  slit.  These  respiratory  movements  of  the 
glottis  are  constant  and  are  essential  to  the  introduction  of  air  in  proper  quantity  into  the 
lungs.  The  expulsion  of  air  from  the  lungs  is  rather  a  passive  process  and  tends  in  it- 
self to  separate  the  vocal  chords ;  but  inspiration,  which  is  active  and  more  violent,  were 
it  not  for  the  movements  of  the  glottis,  would  have  a  tendency  to  draw  the  vocal  chords 
together.  The  muscles  which  are  concerned  in  producing  these  movements  are  animated 
by  the  inferior  laryngeal  branches  of  the  pneumogastric  nerves.  If  these  nerves  be 
divided,  the  movements  of  the  glottis  are  arrested,  and  respiration  is  very  seriously  inter- 
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§BNd  with.  This  is  particulfirly  mftrked  in  young  an i mala,  in  which  the  walla  of  the 
IftTTnx  lu^  coropuratively  yielding,  when  the  operation  is  frequently  followed  by  immedi- 
ate 4eilh  from  soSocation.  The  movements  of  the  glottis  enable  us  to  understand  how 
floNiga  tMsdioB  of  conmderable  size  are  sometimes  accidentally  introduced  into  the  alr- 
pfUgca.  The  respiratory  movements  of  the  larynx  are  entirely  distinct  from  those  con- 
wrned  in  the  production  of  the  voice  and  are  simply  for  tlie  purpose  of  facilitating  the 
entrmnce  of  air  in  reepiration. 

Attacibed  to  the  anterior  portion  of  the  larynx,  is  the  epiglottis,  a  little^  leaf-shaped 
kmeUA  of  fihro-cartitage^  which,  durmg  ordinary  respiration,  projects  upward  and  lies 
against  the  posterior  portion  of  the  tongue.  During  the  act  of  deglutition^  respiration  is 
ttomeDtanly  interrupted,  and  the  air-passages  are  protected  by  the  tongue,  which  preases 
backward,  carrying  the  epiglottis  before  it  and  completely  closing  the  opening  of  the 
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Fio.  85.—  TVaehta  and  brmehiai  iudM.    (Sftppey.) 
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larjrni.  Physiologists  have  qnestioned  whether  the  epiglottis  be  necessary  to  the  com- 
pleie  firotection  of  the  air-passages;  and,  repeating  the  experiments  of  Magendie,  it  has 
been  frequently  removed  from  the  lower  animals  without  apparently  int^^rfcring  with  the 
prober  deglntilion  of  sc^lids  or  liquids.  We  have  been  satisfied,  from  actual  experiment, 
thai  a  dog  will  swallow  liquids  and  solidt*  Immediately  after  the  ablation  of  the  epiglottis, 
vitbooi  allowing  any  to  i>asa  into  tlto  trachea;  hut  it  becomes  a  qnestion  whether  this 
ciperimexit  can  be  ahsol^itely  applied  to  the  human  suliject.     In  a  case  of  loss  of  the 
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entire  epiglottiB,  which  was  obserTed  In  the  BeDevue  Hospital,  tho  patient  eorpeneoced 
slight  difficulty  in  ftwallowiDg,  from  the  passage  of  little  particles  into  the  larynx,  which 
produced  cough.  This  case  seemed  to  show  that  the  presence  of  the  epiglottin,  in  the 
human  subject  at  leasts  is  necessarjr  to  the  complete  protection  of  the  air-paasagea 
deglutition. 

Passing  down  the  neck  from  the  larynx  toward  the  hinga,  is  a  tube,  from  four  to  four  J 
and  a  half  inches  in  length  and  about  three-quarters  of  on  inch  in  diameter,  which 
called  the  tracbea.     It  is  provided  with  cartilaginous  ringa,  from  sixteen  to  twenty  i 
number,  which  partially  surround  the  tube,  leaving  ubout  one-third  of  it«  posterior  por 
tion  occupied  by  fibrous  tissue  mixed  with  a  certain  number  of  non-striated  muscnL 
fibres.     Passing  into  the  chesty  the  trachea  divides  into  the  two  primitive  bronchi,  the 
right  being  shorter^  larger,  and  more  horizontal  than  the  left.    These  tubes^  provided,  like 
the  trachea,  with  imperfect  cartilaginous  rings,  enter  the  lungs,  divide  and  subdivide,  unt 
the  minute  ramifications  of  the  bronchial  tree  open  directly  into  the  air-cells.     Af 
penetrating  the  lungs,  the  cartilages  become  irregular  and  are  in  the  form  of  oblong 
angular  plates,  which  are  so  disposed  as  to  completely  encircle  the  tubes.     In  tabes  < 
Tery  small  ^ize,  these  plates  are  less  numerous  than  in  the  largf  r  bronchi^  until,  In  tub 
of  a  leas  diameter  than  ^  of  an  inch,  they  are  lost  altogether. 


X  V^f  iob«  qfUtl^  lung:  %  htttr  fob*:  ^ji^tMur  rrg»ponding  to  IV  <ip«p  qf  tht  hftul ;  1|| 

periewdlUiA ;  <l,  upper  low  of  Vie  right  lung;  7,  7  %  Itno^rloba;  9,  Ji*Mur« ;    U\,  Jfmure;    11,1 
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The  walls  of  the  tracljea  and  broDchial  tabes  are  composed  of  two  distinct  mem- 
'bnmes ;  an  external  membraoe^  between  tbe  layer:^  of  wbioh  the  cartilages  are  situated^ 
jDd  A  Oning  inucooa  membrune.  The  external  membrane  is  cumposed  of  inehistic  and 
flisti^s  fibrous  tissue.  Poateriurly^  in  tbe  space  not  covered  by  cartilaginout)  rlnga,  these 
fibres  are  mixed  with  a  certain  number  of  unstriped,  or  involuntary  muscular  fibres,  ^hicb 
«xi$t  m  two  lajers;  a  thick  internal  layer,  in  which  thelibresarc  transversi^  and  a  thinner 
Joogitudinal  layer^  which  is  external.  This  collection  of  muscular  fibres  is  sometimes 
odlcd  the  tr&cbealis  muscle.  Throughout  the  entire  system  of  bronchial  tubes,  there 
ire  circular  fosciotili  of  muscular  fibres  lying  just  beneath  the  mucous  membrane,  with  a 
anmber  of  longitudinal  elastic  fibres,  The  character  of  the  bronchi  abruptly  changes 
m  tubes  less  than  ^^  of  an  inch  in  diameter.  They  lose  tbe  cartilo^nous  ringa^  and 
^libe  eiternal  and  the  mucous  membranes  become  so  closely  united  tliat  they  can  no 
'  be  separated  by  dissection.  The  circular  muscular  fibres  continue  down  to  the  air- 
The  mucous  membrane  is  smooth,  covered  by  ciliated  epithelium,  the  movements 
^  t^e  cilia  being  always  from  witliin  outward,  and  it  is  provided  with  numerous  mucous 
These  glimds  are  of  the  racemose  variety  and,  In  the  larynx,  are  of  considerable 
In  tbe  trachea  and  bronchi,  racemose  glands  exist  in  the  membrane  on  the  posterior 
face  of  tbe  tubes;  but  anteriorly  are  small  follicles^  terminating  in  a  single,  and  some- 
a  double,  blind  extremity.  These  follicles  are  lost  in  tubes  measuring  less  than  fy 
'  an  inch  in  diameter. 
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pKlorpQbn^iniuy  Teiii;  li,  loft  ioikrwr  pulmonary  ?dn;  15.  tight  «up*  r  -r  (njiniiifuiry  voin;  l€,  tight  Infbrior puf- 
BWMiy  tain;  IT,  iofciior  veaii  cftva;  lis,  Itilt  veutHclo  of  the  heait;  lU,  right  rentrlde. 

It  is  the  anatomy  of  the  parenchyma  of  the  lun^s  whifdi  possesses  the  most  physio- 
logical interest,  for  here  tbe  essential  processes  of  respiration  take  place.  When  mod- 
erately intlated,  the  lungs  have  the  appearance  of  irregular  cones,  \\itb  rounded  apices, 
and  concave  bases  resting  upon  the  diaphragm.  They  fill  all  of  the  cavity  of  the  chest 
which  is  not  occupied  by  the  heart  and  great  vessels,  and  are  completely  separated  from 
each  other  bj  tbe  mediastinum.    In  the  buman  subject,  tbe  lungs  are  not  attached  to  tb» 
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thoracic  walld,  but  are  oloscly  applied  to  thein^  each  covered  bj  a  reflection  of  the  serous 
tnciubrane  which  lines  the  cavity  of  the  corresponding  side.     Thus  they  neceBsarilj  fol 
low  the  movements  of  expansion  and  coQtractioQ  of  the  thorax.     Deep  fissurea  di%id 
the  right  lung  into  three  lobe^  and  tl'te  lett  long  into  two.    The  surface  of  the  lungs  I 
divided  into  irregularly-polygonal  spaces,  from  J  of  an  inch  to  an  inch  in  diameter, 
which  mark  what  are  sometimes  called  the  pulmonary  lobules;  although  tliia  term  is  in- 
correct, as  each  uf  these  divisions  includes  quite  a  number  of  the  true  lobules. 

Following  out  the  bronchiiil  tubes  from  the  diameter  of  5*^^  of  an  inch^  the  small 
wiiieh  are  from  j\^  to  ^^  of  an  inch  in  diameter,  open  into  a  collection  of  oblong  vesicle^ 

which  are  the  air-cells.  Each  coUcclioi 
of  vesicles  constitutes  one  of  the  true  pol* 
mo  nary  lobules  and  is  from  ^  to  -^  of 
an  inch  in  dtunieter*  After  entering  th« 
lobule,  the  tube  forms  a  sort  of  tortuoi 
central  canal,  sending  off  hnmchcs  which 
terminate  in  groups  of  from  eight  to  fif- 
teen pulmonary  cella^  The  celb  are  a 
little  deeper  than  they  are  wide  and  havd 
each  a  rounded^  blind  eitremity.  Somo 
are  smooth^  but  many  are  marked  by 
little  circular  constrictions,  or  rugie.  la 
the  healthy  lung  of  the  adult,  after  deaths 
they  measure  from  j^  to  -j^  or  ^  of  aa 
inch  in  diameter,  but  are  capable  of  very 
great  diatention.  The  smallest  cells  uro 
in  tbo  deep  portions  of  the  lungs,  and  iho 
largest  ore  situated  near  tlie  surface. 
There  are  considerable  variations  in  tht^ 
size  of  the  cells  at  different  periods  oi 
life.  The  smallest  cells  are  found  in  youn^ 
children,  and  they  progressively  iucreaae 
in  size  with  age.  The  walls  of  the  air- 
cells  contain  numerous  small  elastic;  fibres^ 
which   do  not  form  distinct  bimdles  for 

^ each  air-cell,  but  anastomose  freely  with 

each  other,  so  that  the  same  fibres  belong 
to  two  or  more  cells*  This  structure  is  peculiar  to  the  parenchyma  of  the  longs  and 
gives  to  these  organs  their  great  distensibility  and  elasticity,  properties  which  jday  an  im- 
portant part  in  expelling  the  air  from  the  chest,  as  a  consequence  simply  of  cessation 
of  the  action  of  the  inspiratory  muscles.  Interwoven  with  these  elastic  fibres,  is  the 
richest  plexus  of  capillary  blood-vessels  found  in  the  economy.  The  vessels  are  larger 
than  the  capillaries  in  otlier  situations,  and  tlie  plexus  is  so  close  that  the  spaces  between 
them  are  narrower  than  the  vessels  theraaelves.  When  distended,  the  blood-vessels  form 
the  greatest  part  of  the  walls  of  the  celk. 

Lining  the  air-cells,  are  very  thin  scales  of  paveroent-epitheliom,  from  ^hz  ^^  tJw^  ^^^I 
an  inch  in  diamet-er,  which  are  applied  directly  to  the  walla  of  the  blood-veesela*  Tho 
epithelium  here  does  not  seem  to  bo  regularly  desquamated,  as  in  otiier  sitnatlonit.  Ex- 
amination of  injected  specimens  shows  that  the  blood-vessels  are  so  situated  between  tbo 
c^lls,  that  tlie  blood  in  the  greater  part  of  their  circumference  is  exposed  to  the  action  of 
the  air. 

The  entire  ma.s3  of  venous  blood  is  distributed  in  the  lungs  by  the  pulmonary  artery^ 
Arterial  blood  is  conveye<l  to  these  organs  by  the  bronchial  arteries,  which  ramify  and 
mibdivide  on  the  bronchial  tubes  and  follow  their  course  into  the  lungs,  for  the  noariah- 
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sent  of  ibese  {jotU.  It  is  possible  that  the  tiasue  of  the  longs  may  receive  Bome  nourish- 
Itciil  from  the  blood  conveyed  there  by  the  pulmonary  artery;  but,  as  this  vessel  doos 
njt  send  amy  brunches  to  the  bronchial  tube«,  It  h  andoubtedly  the  bronchial  arteries 
willo^  fOppty  tlie  material  tbr  their  DutritioQ  and  tor  the  accretion  of  the  maeous  g^lands. 
liftono  of  iSkit  anatofnicai  reat^ons  why  inflammatory  conditions  of  tbe  bronchia]  tubea 
i  eztcmd  to  the  parenchyma  of  the  Itrngs,  and  tice  rterm. 


qf  fiU  paiTMichyma  qf  Vyt  hu  nan  njug,  i/jj^civ,/  through  th*  puimanary  artery,    {Huhniuiv} 
a»  a,  c;  <;  waHs  of  th^^  ai r-ccUs ;  b^  anuU  artcHftl  bnmdl 

Tbo  foregoing  anatomical  sketch  shows  the  admirable  adaptation  of  the  trachea  and 
knehlAl  tubes  to  tlie  passage  of  the  air  by  inspiration  to  the  deep  portions  of  the  lnnjfs» 
Itti  tilt  favorable  conditions  which  it  there  meets  with  for  an  interchange  of  the  olcnients 
«f  lite  dr  aod  blood.  It  is  also  evident,  from  the  enormous  number  of  air-cells,  that  the 
7w;KfttrTT  surface  must  be  immense,' 

Movements  of  Mesplfation, 

bniA  and  in  the  warm-blooded  aniraala  p;enerally,  in^inition  takes  place  as  a  con- 
!  0(f  enlargement  of  the  tlioracio  cavity  anrl  the  entrance  of  a  quantity  of  air 
I  ib«  respiratory  passa^jes  corresponding  to  the  increased  capacity  of  the  luni^e. 
la  til*  nainmalia,  tlio  chest  is  eulai^ed  by  the  action  of  muscles;  and,  in  ordinary  respi* 
ntion,  jiuqnration  is  an  active  process,  vvhUo  expiration  is  comparatively  passive. 

A  glmee  at  the  pliygioloj^cal  anatomy  of  the  thorax  in  the  human  eobject  makes  it 
thiir  n  of  certain  muscles  will  considerably  increase  its  capacity.     In  the 

ntgm  raountg  up  into  its  cavity  in  the  fonn  of  a  vaulted  arch.  By 
ttatractkn  of  ita  tibrea,  it  is  brought  nearer  a  plane,  and  tlius  the  vertical  diameter  of 
the  tkonx  IS  iiitTeased.     The  walls  of  the  thorax  are  formed  by  the  dorsal  vertebr®  and 

I  tl»*  AMiihliiMl  rarftoe  of  tbe  ilr-celUi  nc  $SI>  tiqiuu«  A»et;  Keill,  at  alxmt  IDd  aqwire  Itooti  tad 

MOn  '  Thoro  ere  not  eufflcl^nt  daU  on  Llitft  point  for  ub  to  ^Yrm  kdj  thinir  1lk«  ft  rvUikMa 

tk  It  tiBri'  lut   (.be  extent  of  »urf,vy^   umtkt  bo  vciry  jrivftt     In  pawbic:  frtini  tlie  lower  to  the 

.-n  that  Nattine  provtdcs  for  the  m«ccMlty  vT  ah  iiicroftM)  la  tbe  Activity  of  tbo  rc«pl»- 

\t^% dtalBlilMd  •Ice'  mild  a  mtiitlpDcAtloii  of  tttc"  alr^cetlB, 
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ribs  posteriorlj,  bj  the  tipper  ten  ribs  laterallj,  and  by  the  stornum  and  costal  cartila^os 
anteriorly.  The  direction  of  the  ribs,  their  mode  of"  connection  with  the  stemum  by  the 
coatal  c&rtilageSf  ajid  their  arUcalation  with  the  vertebral  colomn^  are  such  that,  bj  their 
movements,  the  antero-posterior  and  transverse  diameters  of  the  chest  may  be  consider- 
ably modified. 

IniipircUion. 

The  ribs  are  soniewhat  twisted  upon  themselves  and  have  a  general  direction  forward 
and  downward.  The  first  rib  is  nearly  horizontal,  but  the  obliquity  of  t*xe  ribs  pro^essively 
increases  from  the  npper  to  the  lower  parts  of  the  chest.  They  are  .articulated  with  the 
bodies  of  the  vertebne,  so  as  to  allow  of  considerable  motion.  The  upper  seven  nbs  are 
Attached  by  the  costal  cartilages  to  the  sternum,  these  ciurtilages  running  upward  and 
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1,  %  3,  itiT^nm ;  4,  «frrtmifeT»noo  of  tb«  qppor  poftloii  of 
th«  thorax:  5,  rirettrnfercDcc  of  the  bwe  of  tii« 
ihorti :  (k  flret  rib;  7,  seopud  rib;  fi,  a.  Iwt  flw  nter- 
ml  rih»:  »,  ootw  thiv*  flklse  riU;  10.  lirt  twcH  or 
flofttlo;  rib«;  11,  eoeUl  ctrtUagoB. 


1,  1.  epInooB  proceuea  of  tlie  donal  Tori»bf«>;  %  % 
Uunln  V  of  ilu^  TcrtC'bnD ;  H,  S.  tnosvene  DrQ«MM»l 
4.  4,  doHMl  portions  of  the  rtlw ;  S,  Ik,  aiifMi  <f  lit 
rite* 
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inward.    Tlio  cartilages  of  the  eighth,  ninth,  and  tenth  ribs  are  joined  to  the  cj 

of  tlie  seventh.     Tlie  eleventh  and  twelfth  are  tloating  ribs  and  are  attached  only  to  the 

vcrtebno. 

It  may  Ik>  stated,  in  general  terms,  that  inspiration  is  effected  by  descent  of  the  dia- 
phragm and  elevation  of  the  ribs ;  and  expiration,  by  elevation  of  tbe  diaphragm  and 
descent  of  the  ribs. 

Arisinj:  eeverrdly  from  the  lower  border  of  each  rib  and  attached  to  the  upper  border 
of  the  rib  below,  are  the  eleven  external  intercostal  muscles,  the  fibres  of  which  have 
an  obliqno  direction  from  above  downward  and  forward.  Attached  to  the  inner  bor- 
ders of  the  ribs  are  the  internal  intercxjstals,  which  have  a  direction  from  above  downward 
and  backward,  nearly  at  right  anplesi  to  the  fibres  of  the  external  intercostals.  There  are 
also  a  number  of  musclea  attached  to  the  thorax  and  spine,  thorax  and  head,  upper  part, 
of  humerus,  etc.,  which  are  capable  of  elevating  either  the  entire  chest  or  the  riba, 
.These  must  act  as  muscles  of  inspiration,  when  the  attachments  to  the  thorax  become 
the  movable  points.  Some  of  them  are  called  into  action  during  ordinary  respiration ;  i 
others  act  as  auxiliaries  when  respiration  is  a  little  exaggerated,  as  after  exercise,  and  are 


I 


MUSCLES  OF  mSPmATION. 


123 


cAlled  ordiiuirj  auxiliaries ;  while  others^  which  ordinarily  have  a  different  function,  are 
oQlr  brought  into  plaj  when  respiration  ia  exceasively  diffioalt,  and  are  called  extraordi- 
Darj  auxiliaries. 

The  following  are  the  principal  muscles  concerned  in  tDspiration ; 


Muscles  of  Inspiration, 

Ordinary  RatpiroHon, 

AUaehmBntt, 
Dtaphngn ......  .Circumference  of  lower  border  of  thorax. 

^jfriffna  ■ntiens.  .  .  - . .   TraiiHverse  pr^cesseu  of  third,  fourtli,  fifth,  iitjd  aixth  cer* 

▼ical  vertebra* tubercle  of  tirst  rib. 

SttkottB  mediufl. .-,_,.. , Transverse  processes  of  lower  six  cervical  TCrlebrsD 

upper  purface  of  first  rib. 
ScateoB  postica*^  .Transvetae  processes  of  lower  two  or  three  oerrieal  ver- 

l^)}r(0 outer  surface  of  second  rtb. 

external  inlercosUJo. Outer  borders  of  the  ribs. 

SbcfB*]  portion  of  loternal  intprcostiils.  .Borders  of  the  costal  cartilages. 

Tiralve  letatores  costarum  . , .Transverse  processes  of  dorsal  vertebne -ribs^  between 

the  tubercles  and  angles. 

Ordin^iryi  Auxiliaries, 

t posticus  superior.. , .Ligameniutii   nucha.\  spinous  processes  of  last  cervical 

and  upper  two  or  three  dorsal  vertebne upper  bor* 

der*  of  second^  tbird»  fourth,  and  fifth  ribs,  jcai  beyond 
the  angles. 

stotdeus. ..,...« l^^pp'^c  Pi^rt  of  sternum — —mastoid  process  of  temporal 

bono. 

£jitraordinaTtf  Auxiliariea, 
Ttior  an^uJi  scapulas Transverse  processes   of  upper  three   or  four  cervical 

vertcbrsB — —posterior    border  of   supeiior    angle  of 

jscDpula. 
Trapezius  (superior  portit)n  V  .  Ligamentum  nochte  and  seventh  cervical  vertebra—^ 

upper  border  of  spine  of  scapula. 
Feetoralls  minor .  -  ,Coracoid  process  of  scapula wnterlor  surface  and  ui> 

per  ninrgina  of  third,  fourth^  and  fifth  rihg,  near  tlio 

cartilaj^ps. 
Peelocafia  major  (mferior  portion). ....  .Bicipital  groove  of  humerus- costal  cartilages  and  low- 
er part  of  sternum. 
Senatus  magnu.^                                       .Inner  margin  of  posterior  border  of  Bc^ipuhi- external 

surface  and  upper  bordec  of  upper  tright  ribs. 

Action  of  the  Diaphragm. — The  descriptive  and  general  nnalonay  of  the  diaphrapn 
li  pretty  correct  idea  of  its  fimctions  in  respiration.  It  arise*,  anteriorly,  frotn  the 
surface  of  tho  ensiform  cartilage,  laterally,  from  the  inner  surface  of  the  lower 
orders  of  the  costal  curtilages  and  tho  six  or  seven  inferior  ribs^  passes  over  the  quadra- 
I  lorn  born  m  by  the  external  arcuate  ligament,  and  the  psoas  magnua  by  the  internal 
ate  ligament,  and  has  two  tendinous  slips  of  origin,  called  cmrEo  of  tho  diaphra^J, 
I  the  bodies  of  the  second,  tliird,  and  fonrth  lumbar  vertehrio  and  the  intervertebral 
tilages  on  the  right  side,  and  t!ic  second  and  third  lumbar  vertebrffi  and  the  interver- 
tebral cartilages  on  the  left  side.  From  this  origin,  wliich  extends  around  tlie  lower  cir- 
comforence  of  tho  thorax,  it  mounts  into  the  cavity  of  the  chest,  forminfr  a  vaulted 
awih,  ot  dome,  with  Mb.  concavity  toward  the  abdomen  and  its  convexity  fow.ird  tho 
In  the  central  portion,  there  is  a  tendon  of  considerable  size  and  shaped  somO' 
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thing  like  the  club  od  a  playiDg-card,  with  middle,  right,  and  left  lealleta.     The  remain- 
dor  of  the  organ  la  composed  of  radiating  fibres  of  voluntary  muscular  tissue.     The] 
oesophagus,  aorta,  and  inferior  venti  cuva  pass  through  the  diaphragm  from  the  thoracis] 
to  the  abdominal  cavity,  by  three  openings. 

The  opening  for  the  OBSophagus  is  surrounded  by  muscular  fibres,  by  which  it  is  par- 
tially closed  when  tbe  diaphragm  contracts  in  inspiration,  as  the  fibres  simply  surround  j 
the  tube,  and  none  are  attached  to  it. 
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^  fibrous  ircli  pusLa^  over  tbe     -  •  -- 
12.  muifeiilftr  Aliret  ariftiai^  from 


tbekm«rdxv{bi; 


;rtiLi::c  ;  1  i,  uptTiing   fur  the  r«na  civi;  \\  ^n^makKg  for  the  OBtopIytpi* ;  16^ 
Qf  thi>  tnui0T«fS«lia  miucle;  IS^  1^  apoiiiiiirQilB;  19^  19,  quAdnliis  JuibIm 
'  b  lumbar  vcrtebnv 


The  orifice  for  the  aorta  is  bounded  by  the  bone  and  aponeurosis  pociteriorlj,  and  in 
front,  by  a  fibroas  band  to  which  the  muscolar  fibres  are  attached,  so  that  thdr  contrac- 
tion has  a  tendency  rather  to  increase  than  to  diminish  the  caliber  of  the  vessel. 

The  orifice  for  the  vena  cava  i«  surrounded  entirely  by  tendinous  structure,  and  con- 
traction of  the  diaphragm,  although  it  might  render  the  form  of  the  orifice  more  nearly 
circular,  can  have  no  effect  upon  ita  caliber. 

The  action  of  the  diaphragm  can  be  easily  studied  in  the  inferior  animals  by  viviaee- 
tions.  If  the  abdomen  of  a  cat,  which,  from  the  conformntion  of  the  parta,  is  well  adapted 
to  this  experiment,  be  largely  opened,  we  can  observe  the  descent  of  the  tendinous  por- 
tion and  the  contraction  of  the  muscular  fibres.  The  action  of  this  muscle  may  be  ren*  1 
dered  more  apparent  by  compressing  the  walls  of  the  chest  with  the  hands,  so  o»  to 
interfere  somewhat  with  the  movements  of  the  ribs.  By  putting  a  strong  ligature  around 
the  spinal  column  and  soft  part«i  just  below  the  diaphragm  and  cutting  off  the  h>wer  I 
half  of  the  body,  as  was  done  by  the  aRsistant  to  the  chair  of  physiology  in  the  Bellevu© 
Hospital  Medical  College,  Dr.  0.  F,  Robert^  the  movements  of  the  diaphragm  may  be 
very  beautifully  exhibited  in  clasa-d  em  oust  rations. 

In  ordinary  respiration,  the  descent  of  the  diaphragm  and  its  approximation  lo  a 
plane  are  the  chief  phenomena  observed ;  but,  as  there  is  a  slight  resistance  to  the  depres- 
sion of  the  central  tendon,  it  is  probable  that  there  is  also  a  certain  amount  of  elevation 
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of  the  tuferiar  ribs,  the  diaphragm  assistiDg^  in  a  limited  degree  it  id  troe,  tlie  aotion 
of  th«  estemal  intercostala. 

The  pbenomeiia  referable  to  tb©  abdomen,  wliich  coincide  witb  tti©  descent  of  tho 
diapbrftgiQ,  can  easily  be  observed  in  the  hnman  subject  As  the  diaphragm  is  depressed^ 
it  neeesaarUj  ptiahes  the  viscera  before  it^  and  iDspiration  m  therefore  accompanied  bj 
prolmaaoii  of  the  abdomen.  Thia  may  be  rendered  verj  marked  hy  a  forced  or  deep 
infrpiratioii. 

The  action  of  the  diaphragm  may  be  ilkstrated  bj  a  very  aimple  yet  Htriking  experi- 
ment. In  an  animal  just  killed,  after  opening  thu  abdomen^  if  wo  take  hold  of  the  struct* 
ures  ^hich  are  attached  to  tlie  central  tendon  and  make  traction^  we  imitate,  in  a  rough 
way,  the  moTements  of  the  diaphragm  in  reapi ration,  and  the  air  wiU  pass  into  the  lungs, 
fometiiiies  with  a  di^inctly-audiblo  aoand. 

The  effects  of  the  action  of  tiie  diaphragm  upon  the  size  of  its  orifices  are  chiefly 
Bnlfted  to  the  c^i^ofihageal  opening.  The  anatomy  uf  the  parts  is  i^uch  that  contraction 
of  the  muAcnlar  fibres  lias  a  tendency  to  close  this  orifice.  When  we  come  to  treat  of 
tlte  digestive  system,  we  shall  see  that  the  contraction  of  the  diaphragm  is  auxiliaiT" 
to  the  action  of  the  muscular  walls  of  the  ossopbaguH  itself,  by  which  the  cardiac  open- 
ing of  the  stomach  is  regularly  closed  during  inspiration.  This  may  become  important 
when  the  stomach  is  much  distended;  for  descent  of  the  diaphragm  compresses  all  the 
abdominal  organs  and  might  otherwise  cause  regurgitation  of  food. 

Ttje  contractions  of  the  diuphragm  are  animated  almost  exclusively^  if  not  exolu- 
•ively,  by  the  phrenic  nerve;  a  nerve  which,  having  the  office  of  supplying  the  most 
importimt  respiratory  muscle,  derives  its  filaments  from  a  number  of  sources.  It  arisea 
from  the  third  and  fourth  cervical  nerves,  receiving  a  branch  froui  the  fifth  and  some- 
times from  the  sixth;  it  passes  through  the  chest,  penetrates  tlie  diaphrjigm,  and  is  dis- 
llihuted  to  its  under  surface.    This  nerve  was  the  subject  of  nuruerous  experimentH  hy 

r  early  physiologist^  who  were  greatly  interested  in  the  minutia)  of  the  action  of  the 
fUphragro  and  of  other  muscles^  in  respiration.  Its  galvanization  produces  convulsive  con- 
tnctions  of  the  diaphragm^  and  its  section  paralyzes  the  muscle  almost  completely.  It 
Wii  noticed  by  Lower,  that  after  set^tion  of  both  phrenic  nerves  the  mnvcmonts  of  the 
abdomen  were  reversed,  and  it  became  retracted  in  inspinition.  This  is  explained  and 
illafltnited  by  voluntary  suspension  of  the  action  of  tlic  diu[jhraj[^ii  and  exaggeration  of  the 
costal  moTements.  As  the  ribs  are  raised,  the  atmospheric  pressure  causes  the  diaphragm 
to  mount  up  into  the  cavity  of  the  thorax,  and  of  course  the  ahdommal  organs  follow. 

From  the  great  increase  in  the  capacity  of  the  c  best  produced  by  the  action  of  the 
diaphragm  and  its  constant  and  universal  action  in  respiration,  it  must  be  regarded  as  bjr 
fiir  the  most  important  and  efficient  of  the  muscles  of  in^pirntion. 

Iliccough,  sobbing,  laughing,  and  crying,  are  due  mainly  to  the  action  of  the  dio- 
plmgm,  particularly  hiccough  and  sobbing,  which  are  prixluced  by  spasmodic  oontriic- 
tkms  of  tliis  muscle,  generally  beyond  the  control  of  the  will. 


Action  of  thi  MuMcU*  which  ehraU  tk^  Rihf, — Scalene  Mmdes.—lu  ordinary  respira- 
iTon,  tiie  ribs  and  the  entire  chest  are  elevated  by  the  combined  action  of  a  number  of 
jBDsclcs.  The  three  scalene  muscles  are  attached  to  the  cervical  vertebras  and  the  first 
second  ribs.  These  muscles,  which  net  particularly  upon  the  first  rib,  must  elc- 
fite  with  it,  in  inspiration,  the  rest  of  the  thorax.  The  articulation  of  the  first  rib 
with  the  vertebral  column  is  vary  movable,  but  it  is  joined  to  the  sternum  by  n  Yery 
short  cjirtilage,  which  allows  of  very  little  movement,  so  that  its  elevation  necessarily 
Cirries  with  it  the  sternum.  This  movement  increases  both  the  transverse  and  antero- 
jwterior  diameters  of  the  thorax,  from  the  mode  of  articulation  and  direction  of  the 
rihi»  which  are  somewhat  rotated  as  well  as  rendered  more  horizontal. 

InUre^tal  jlfu#c/«. ^Concerning  the  mechanism  of  the  action  of  these  muscles,  there 
ii  great  difference  of  opinion  among  physiologists ;  so  mnch,  indeed,  that  the  author  of 
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a  late  elaborate  if  ork  assnmee  that  tlie  question  is  still  left  in  considerable  iincertaiQt]r. 
The  moet  extended  researches  on  this  poiDt  are  those  of  Bean  and  M^ssiat  (Archiret 
generates  de  mcdeein^^  1843)^  and  Sibson  {Philo6ophieal  Tramactufm^  1846).  The  latter 
seem  to  settle  the  question  of  the  mode  of  action  of  the  intercosttds  and  explain  satis- 
factorily  certain  points  which  even  now  are  not  generally  appreciated.  More  recently, 
Oniinus  has  shown,  by  experiments  upon  a  decapitated  animal,  that  the  external  inter 
coatals  raise^  and  the  internal  intercostals  depress  the  ribs,  thus  confirming  the  views  of 
Sibson, 

We  shall  firist  note  the  changes  which  take  place  in  the  direction  of  the  ribs  and  thei 
relation  to  each  other  in  inspiration,  before  considering  the  way  in  which  these  move 
ments  are  produced. 

In  the  dorsal  region,  the  spinal  column  forms  an  arch  with  its  concavity  toward  the 
chest,  and  the  riba  increase  in  length  progressively,  from  above  downward,  to  the  deep- 
est portion  of  the  arch,  where  they  are  longest  and  then  become  progressively  shorter. 
According  to  Sibsonj  "  during  inspiration  the  ribs  approach  to  or  recede  from  each  other 
according  to  the  part  of  the  arch  with  which  they  articulate;  the  four  superior  ribs  aji* 
proacli  each  other  anteriorly  and  recede  from  each  other  posteriorly ;  the  fourth  and 
fifth  ribs,  and  the  intennediate  set  (sixths  seventh,  and  eighth),  move  further  apart  to  a 
moderate,  the  diaphragmatic  set  (four  inferior),  to  a  great  extent.  The  upper  edge  of, 
each  of  these  riba  glides  toward  the  vertebras  in  relation  to  the  lower  edge  of  the  nh\ 
above,  with  the  exception  of  the  lowest  rib,  which  is  stationary."  These  movementa 
increase  the  antero-posterior  and  transverse  diameters  of  the  thorax.  As  the  ribs  aro 
elevated  and  become  more  nearly  horizontal,  tbey  most  posh  forward  the  lower  portion 
of  the  Internum.  Their  configuration  and  mode  of  articulation  with  the  vertebra?  are 
such,  that  tliey  cannot  be  elevated  without  undergoing  a  considerable  rotation,  by  which 
the  concavity  looking  directly  toward  the  lungs  is  increased,  and  with  it  the  latcml 

diameter  of  the  chest.    All  the  intercostal  spaces  posteriorly 
are  widened  in  inspiration. 

The  ribs  are  elevated  by  the  action  of  the  ejrternal  intei 
costals,  the  sternal  portion  of  the  internal  intercostals,  and 
the  levatores  co&tanirn.  The  extcrnii!  intercostals  are  situ- 
ated between  the  ribs  only,  and  arc  wanting  in  the  region 
of  the  costal  cartilages.  As  the  vertebral  extremities  of  the 
ribs  are  the  pivots  on  which  these  levers  move,  and  as  tJie 
sternal  extremities  are  movable,  the  direction  of  the  fibres 
of  the  intercostals  from  above  downward  and  forward 
renders  elevation  of  the  ribs  a  necessity  of  their  contrac 
tion,  if  it  can  be  assumed  that  the  first  rib  is  fixed  or  at 
least  does  not  move  downward.  The  scalene  muscles  cle» 
vate  the  first  rib  in  ordinary  inspiration ;  and,  in  deep  in- 
sfriration,  this  takes  place  to  such  an  extent  as  to  pali«ably 
carry  with  it  the  sternum  and  the  lower  ribs.  Theoreti- 
cally, then,  the  external  intercostals  can  do  nothing  but 
render  the  ribs  more  nearly  horizontal. 
If  the  external  intercostals  be  expoeed  in  a  living  animal,  the  dog,  for  example,  in 
which  the  costal  type  of  respiration  is  very  marked,  close  observation  can  hardly  fail  to 
convince  any  one  that  these  muscles  enter  into  action  in  inspiration.  This  fact  has 
been  obs<>rved  by  S'lbson  and  many  other  physiologists.  If  attention  be  directed  to  thd 
sternal  portion  of  the  internal  intcn^ostals.  situated  between  tlio  costal  cartilages,  iheip 
fllires  having  a  direction  from  above  downward  and  backward,  it  is  equally  evident  that 
they  enter  into  action  with  inspiration.  By  artificially  inflating  the  lungs  after  death, 
Bibsnn  eonfimied  tliese  observations  and  showed  that,  when  the  lungs  are  filled  with 
air,  the  fibres  of  these  muscles  are  shortened.    In  inspiration,  the  ribs  ore  all  separated 
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porterlorlj  ;  but  lAlerally  and  anteriorlj,  Bomo  are  separated  (all  below  tbe  foorth),  and 
are  approziinated  (all  above  tbe  fourth).  Thus  all  tlie  interspaces^  except  the 
*  portion  of  the  upper  three,  are  widened  in  inspiration.  Sih&on  has  shown,  by 
[  of  the  chestf  that,  althongh  the  riba  are  separated  from  each  other,  the  attach- 
meiita  of  the  intercostals  are  approximated.  The  rtbs^  from  an  excessively  obliqae  posi- 
lioa»  are  rendered  nearly  horizontal ;  and  consequently  the  inferior  attachments  of  the 
itttftrfOftf.alft  are  brought  nearer  the  spinal  column,  while  the  superior  attachments  to  the 
■pper  borders  of  the  ribs  are  slightly  removed  from  it.  Thus  these  muscles  are  short- 
wed.  If,  by  separating  and  elevating  the  ribs,  the  muscles  bo  shortened^  shortening  of 
iIm  mosdes  wiU  necessarily  vlevate  and  separate  tlie  ribs.  In  t!te  three  superior  inter- 
ipsess^  the  constant  direction  of  the  ribs  is  nearly  horizontal,  and  the  course  of  the 
iatereostal  fibres  is  not  so  oblique  as  in  those  iiituated  between  the  lower  rib^.  These 
ipsoes  are  narrowed  in  inspiration.  The  mnscles  between  the  costal  cartilages  have 
a  direcUoD  opposite  to  that  of  tlie  external  intercostals  and  act  upon  the  ribs  from  the 
■tfrmom,  as  the  others  do  from  the  spinal  column.  The  superior  interspace  is  narrowed, 
and  the  retnainder  are  widened,  in  inspiration. 

Lgtat^ra  Catanim.—The  action  of  these  ratisoles  cannot  be  mistaken.  They  hare 
OBUDOvable  points  of  origin,  the  transverse  processes  of  twelve  vertebras  from  tlie  last 
ccrfieal  to  the  eleventh  dorsal,  and,  spreading  out  like  a  fan,  are  attached  to  the  upper 
edges  of  the  ribs  between  the  tut>ercles  and  the  angles.  In  inspiration,  they  contract 
nd  SMSt  in  the  elevation  of  the  ribs.  They  are  more  developed  in  man  than  in  the 
bMor  animals. 

Auziliaru  MntcUa  of  In»piratian, — The  mnacles  which  have  just  been  considered  are 
Dpetcnt  to  increase  tlie  capacity  of  the  thorax  aufBcientlj  in  ordinary  respiration  ; 
\  are  certain  mnscleSj  however,  which  are  attached  to  the  chest  and  the  upper  part 
'  the  spinal  column,  or  upper  extremities,  whioh  may  act  in  iriBpirution,  although  ordl- 
ily  tho  chest  is  the  tixe«l  point  and  they  itiO\&  the  head,  neck,  or  arras.  These 
are  brought  intx)  action  when  tlie  movements  of  respiration  are  exaggerated. 
When  this  exaggeration  is  but  slight  and  physiological,  as  after  exercise,  certain  of  them 
(the  ordinary  anxiliaries)  act  for  a  time^  until  the  tranquillity  of  the  movements  is 
reetored.  But  when  there  is  obstruction  in  the  respiratory  passages  or  when  respiration 
ii  excessively  difficult  from  any  cause,  threatening  sTifTocation,  all  the  nmscles  which  can 
by  any  possibility  raise  the  chest  are  brought  into  action.  The  principal  ones  arc  put 
down  in  the  table  under  t!io  head  of  extraordinary  auxiliaries.  Most  of  these  muscles 
can  voluntarily  be  brought  into  play  to  raise  the  chest,  and  the  mechanism  of  their 
action  caJi  in  this  way  be  demonstrated. 

SerratuM  Po$tieu9  Superiar, — This  muscle  arises  from  the  ligamcntum  nuchaa,  the 
iphions  processes  of  the  last  cervical  and  the  upper  two  or  three  doisal  vertebrre,  its  fibres 
pustng  obliquely  downward  and  outward,  to  be  attached  to  the  upper  borders  of  the 
nd,  third,  fourth,  and  fifrh  ribs  just  beyond  their  angles.  By  reversing  its  action,  as 
have  reversed  the  description  of  its  origin  and  insertions,  it  is  capable  of  increasing 
Ihe  capacity  of  the  thorax. 

SUrna-mast'oideuM. — That  portion  of  tlie  mnscle  which  is  attached  to  the  mastoid 
process  of  the  temporal  bono  and  the  stern  urn,  when  tbe  head  is  fixed,  is  capable  of  act- 
ing as  a  muscle  of  inspiration.  It  does  not  act  in  ordinary  respiration,  but  ila  contrac- 
tions can  be  readily  observed  whenever  respiration  Is  hurried  or  exaggerated. 

The  following  muscles,  as  a  nile,  act  as  nniBcles  of  inspiration  only  when  respiration 
is  exceedingly  difficult  or  labored.  In  certain  cases  of  capillary  bronchitis,  for  example, 
be  anxious  expression  of  the  countenance  betrays  tbe  eense  of  impending  suffocation ; 
lis  head  is  thrown  hack  and  fixed;  the  shoulders  arc  braced;  and  every  available  muscle 
m  brongbt  into  action  to  raiso  the  walls  of  the  thorax.^ 

*  IFaAar  ihtam  cbvomitaiDcet,  tam«  tatiades  whkb  we  bavo  not  thoogbt  It  ocoPt&iuy  to  cnomerat«i  msj  tct  la- 
ir M  iiiiMdcs  of  Inipintlaii. 
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Lemtor  Anguli  Scapula  and  Superior  Portion  of  the  7>opc?*i«.— Movements  of  the 
scapula  have  often  been  observed  in  very  labored  respiration.  Ita  elevation  during  in- 
spiration is  etfocted  chiefly  by  the  levator  anguli  scapulte  and  the  upper  portion  of  iho 
trapezius.  The  former  muscle  arLses  from  the  transverse  processes  of  tho  upper  three  or 
fonr  cervical  vertebrie  and  is  inserted  into  the  posterior  border  of  the  scapula  below  lb© 
angle.  It  is  a  thick,  Hat  muscle  and,  when  the  neck  is  the  fixed  point,  assists  in  the  ele- 
vation of  the  thorax  by  raising  the  scapula.  The  trapezius  is  a  broad^  flat  muscle,  aris- 
ing from  the  occipital  protuberimce,  part  of  the  superior  curved  line  of  the  occipital 
bone,  tho  ligamentum  nuchas  and  the  spinous  proeessee  of  the  last  cervic^U  and  all 
the  dortjal  vertebr?©,  to  bo  inserted  into  the  upper  border  of  the  spine  of  the  scapula* 
Acting  from  its  attacliments  to  the  occiput,  tho  lij^amentiun  nuchas,  the  last  cervical 
vertebra,  and  perhaps  one  or  two  of  the  dorsal  vertebr®,  this  muscle  may  elevate  tb© 
scapula  and  assist  in  inspiration. 

Pectoralis  Minor  ami  Jnf&rior  Portion  of  ike  Pectoralk  Major, — These  muscles  act 
together  to  raise  the  ribs  in  difficult  respiration.  The  pectoralis  minor  is  the  more  effi- 
cient. Tnwing  it  from  iU  attachment  to  the  coraoold  process  of  the  scapula,  its  flbrea 
pass  downward  and  forward  to  be  attached  by  three  indigitations  to  tho  external  surface 
and  upper  margins  of  the  third,  fourth,  and  fifth  ribs  just  posterior  to  the  costal  cartilages 
With  the  coracoid  process  as  the  fixed  point,  this  nmscle  is  capable  of  i>owerfulIy  assist- 
ing in  the  elevation  of  the  ribs.  That  portion  of  the  pectoralis  mi\jor  which  is  attached 
to  the  lower  part  of  the  sternum  and  coastal  cm-tilages  is  capable  of  acting  from  its  in- 
sertion into  the  bicipital  groove  of  tho  himieru^,  when  the  shoulders  are  fixed,  in  concert 
with  the  pectoralis  minor.  In  great  dyspnoea,  it  is  frequently  observed  that  the  shouldere 
are  briiced,  the  pectorals  acting  vigorously  to  raise  the  walls  of  tlie  chests 

Strratus  Mat^nus,  —This  is  a  broad,  thin  muscle  covering  a  great  portion  of  the  lat- 
eral walls  of  the  thorax.  Attached  to  the  inner  margin  of  the  posterior  bonier  of  tho 
iKsapula,  its  fibres  pass  forward  and  downward  and  are  attached  to  the  external  surface 
and  upper  borders  of  the  eight  superior  ribs.  Acting  from  the  scapula,  this  muscle  is 
capable  of  assisting  the  pectorals  in  raisiiig  the  ribs  and  becomes  a  powerful  anxiliary  in 
difficult  inspiration. 

We  have  thus  considered  the  functions  of  tho  principal  inspiratory  muscles,  withoat 
taking  up  those  which  have  an  insignificant  or  undetermined  action.  In  many  animala, 
tho  nares  are  considerably  distended  in  inspiration;  and,  in  tho  horse,  which  does 
not  respire  by  the  mouth,  these  movements  are  as  essential  to  life  as  the  respiratory 
movements  of  the  larynx.  In  man,  as  a  rule,  the  nares  undergo  no  movement  unless 
respiration  be  somewhat  exaggerated.  In  very  diflBcult  respiration,  tho  mouth  is  opened 
at  each  inspiratory  act.  We  have  not  tliought  it  necessary  to  treat  of  tho  action  of  thoso 
mnscles  w^hich  servo  to  fix  the  head,  neck,  or  shoulders  in  dyspnoea. 

The  division  into  muscles  of  ordinary  inspiration,  ordinary  auxiliaries,  and  extraor- 
dinary auxiliaries,  must  not  be  taken  as  absolute.  In  the  mule,  in  ordinary  respiration, 
the  diaphragm,  intercostals,  and  levatores  costarum  are  tho  greut  inspiratory  muscles, 
and  the  action  of  the  sealoni,  with  the  consequent  elevation  of  the  sternum,  is  commonly 
very  slight  or  may  be  wanting.  In  tho  female^  tho  movements  of  the  ojjper  parts  of 
the  chest  are  very  marked,  and  the  scaleni,  tlie  serratns  posticus  superior,  and  sometimes 
tho  sterno-mastoid,  are  brought  into  action  in  ordinary  respiration.  In  the  various  types 
of  respiration,  the  action  of  the  muscles  engaged  in  ordinary  respiration  necessarily  pre- 
sents considerable  variations. 

The  air  is  expelled  from  tho  lungs.  In  ordinary  expiration,  by  a  simple  and  compara- 
tively-passive process.  The  lungs  contain  a  great  number  of  cla^'tic  fibres  surrounding 
the  air-cells  and  the  smallest  ramifications  of  the  branchial  tubes,  which  give  them  great 
elasticity.  We  can  form  an  idea  of  the  extent  of  elasticity  of  these  organs,  by  simply 
removing  them  from  the  chest,  when  they  collapse  and  become  many  timee  smaller  than 
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caviCjr  which  they  before  bad  completely  filled.  The  thoracic  walls  are  nlso  very 
;ic,  particularly  in  young  persons.  After  the  mudcles  which  increase  the  capacity 
i  II10  iharax  cenao  their  uctlon,  the  elasticity  of  the  costal  eartilagea  and  the  tonicity 
^tbemuicleB  which  have  beeu  put  on  the  stretch  will  restore  the  cbe^t  to  what  we  muy 
!  its  paa^ve  dimensions.  T!iis  elasticity  is  likewise  capable  of  acting  as  an  inspiratory 
ISWM  when  the  cbost  has  been  compressed  in  any  way.  There  are  also  certain  muscles, 
the  autian  of  which  is  to  draw  the  ribs  downward  and  which,  in  tranquil  respiration, 
ire  aiila^:»ni^ic  to  those  which  elevate  the  ribs^  Aside  from  this,  many  operations,  such 
m  ipealciiigt  blowing^  sinking,  etc.^  require  powerful,  prolonged^  or  complicated  acta  of 
expiration,  in  which  numerous  muscles  are  brought  into  play. 

Expiration  may  be  considered  as  depending  upon  two  causes,  as  follows : 
1*  The  passive  influence  of  the  elasticity  of  the  lunjrs  and  thoracic  walls. 
2,  Tht?  action  of  certain  muscles,  which  either  dimmi^sh  the  transverse  and  antero- 
i^rior  diameters  of  the  cliost  by  depreasinjjj  the  ribs  and  sternum,  or  the  vertical  di- 
eter, by  pressing  np  the  abdominal  viscera  behind  the  diaphragm. 

/iyfit«fi«^  0/  tho  Moitkitp  of  t%€  FulmoT^aty  Stmeture  and  Walh  of  the  Chett^ 
It  b  casjr  to  understand  the  influence  of  the  elasticity  of  the  polmonary  structure  in  ex- 
|iintioo.  From  the  collapse  of  the  lunga  when  openings  are  made  in  the  chesty  it  is  seen 
that,  even  after  the  most  complete  expiration,  these  organs  have  a  tendency  to  expel 

;  of  their  gaseous  contents,  which  cannot  be  fully  satisfied  until  the  chest  is  opened, 

ey  remain  partially  distended,  from  the  impossibility  of  collapse  of  the  thoracic  walla 
"leyond  a  certain  point ;  and,  by  virtue  of  their  elasticity,  they  exert  a  suction  force 
S|K>a  the  diaphragm,  causing  it  to  form  a  vaulted  arch,  or  dome  above  the  level  of  the 
^  '  circumference  of  the  chest.  When  the  lungs  arc  coOapsed,  the  diaphragm  hangs 
\\j  between  the  abdominal  and  thoracic  cavities.     In  insi>iratiun  and  in  expiration, 

n,  the  relations  between  the  lungs  and  diaphragm  are  reversed.     In  iuiapiration,  the 

cendtng  diaphragm  exerts  a  suction  force  on  the  lungs,  drawing  them  downward ;  in 
expiration,  the  elastic  lungs  exert  a  suction  force  upon  the  diaphra^,  drawing  it  np- 
wird.  This  antagomsm  is  one  of  the  causes  of  the  great  power  of  the  diaphragm  as  an 
liispiTatory  muscle. 

The  elasticity  of  the  lungs  operates  chiefly  upon  the  diaphragm  in  reducing  the  capa- 
city of  the  chest;  for  the  walls  of  the  thorax,  by  virtue  of  their  own  elasticity,  have  a 
rtartion  which  succeeds  the  movements  produced  by  the  inspiratory  muscles.  A  simple 
€xpifnriient,  which  we  have  often  perfom^ed  in  public  demonstrations,  illustrates  the 
expiratory  influence  of  the  ela-rticity  of  the  lungs.  If,  in  an  animal  just  killed,  we 
en  the  abdomen,  seize  hold  of  the  vena  cava  a^^i  it  passes  through  the  diaphragm,  and 
ftko  traction,  wo  imitate  the  action  of  this  rau^t'lo  sufliciontly  to  produce  at  times  an 
"indible  inspiration ;  on  loosing  our  liold,  we  have  expiration,  as  it  i^  in  a  measure  accom- 
phfthed  in  natural  respiration,  by  virtue  of  the  resiliency  of  the  hings,  carrying  the  dia- 
phragm up  into  tl>e  thorax.  Although  this  is  the  main  action  of  the  lun?s  themselves 
in  expiration,  their  relations  to  the  walls  of  the  thorax  are  inipurtant.  By  virtue  of 
their  elasticity,  they  assist  the  passive  collapse  of  the  chest.  When  they  lose  this  prop- 
trty  to  any  considerable  extent,  as  in  vesicular  emphysema,  they  offer  a  notable  resistance 
to  tfie  contraction  of  the  thorax;  so  much,  indeed,  that  in  old  cases  of  this  disease  the 
ovement*  are  much  restricted,  and  the  chest  presents  a  characteristic  rounded  and  dis- 

ided  appearance. 

Little  more  n*^ed  be  said  concerning  the  passive  movements  of  the  thoracic  walls. 
^huti  the  action  of  the  inspiratory  muscle  ceases,  the  ribs  regain  their  oblique  direction, 
the  intercostal  spaces  are  narrowed,  and  the  sternum,  if  it  have  been  elevated  and  drawn 
ferward,  falls  back  to  its  place  simply  by  virtue  of  the  elasticity  of  the  parts. 

Action  f>f  Mutdu  in  Expiratwn,—ThQ  following  are  the  principal  muscles  concerned 
\n  expiraticm : 
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Muscles  of  Expiration, 

Ordinary  Jtetpiraiion. 
Muscle.  AUaehnunts. 

Osseoas  portion  of  internal  intercostals . .  Inner  borders  of  the  ribs. 

Infracostales Inner  surfaces  of  the  ribs. 

Triangularis  stemi Ensiform  cartilage,  lower  borders  of  sternum,  lower  three 

or  four  costal  cartilages cartilages  of  the  second, 

third,  fourth,  and  fifth  ribs. 

Auxiliaries. 

Obliquus  externus External  surface  and  mferior  borders  of  eight  Inferior 

ribs anterior  half  of  the  crest  of  the  ileum,  Pou- 

part*8  ligament,  linea  alba. 

Obliquus  internus Outer  half  of  Poupart*s  ligament,  anterior  two-thirds  of 

the  crest  of  the  ileum,  lumbar  fascia— -cartilages  of 
four  inferior  ribs,  linea  alba,  crest  of  the  pubis,  pec- 
tineal line. 

Transrersalis Outer  third  of  Poupart^s  ligament,  anterior  two-thirds  of 

the  crest  of  the  ileum,  lumbar  vertebrs,  inner  surface 

of  cartilages  of  six  inferior  ribs crest  of  the  pubis, 

pectineal  line,  linea  alba. 

Sacro-lumbalis Sacrum angles  of  six  inferior  ribs. 

Internal  IntereoataU. — ^The  internal  intercostals  have  different  functions  in  different 
parts  of  the  thorax.  They  are  attached  to  the  inner  borders  of  the  ribs  and  costal  carti- 
lages. Between  the  ribs,  they  are  covered  by  the  external  intercoBtals,  but,  between  the 
costal  cartilages,  they  are  covered  simply  by  aponeurosis.  Their  direction  is  from  above 
downward  and  backward,  nearly  at  right  angles  to  the  external  intercostals.  The  function 
of  that  portion  of  the  internal  intercostals  situated  between  the  costal  cartilages  Las  al- 
ready been  noted.  They  assist  the  internal  intercostals  in  elevating  the  ribs  in  inspiration. 
Between  the  ribs,  these  muscles  are  directly  antagonistic  to  the  external  intercostals. 
They  are  more  nearly  at  right  angles  to  the  ribs,  particularly  in  that  portion  of  the  tho- 
rax where  the  obliquity  of  the  ribs  is  greatest.  The  observations  of  Sibson  have  shown 
that  they  are  elongated  when  the  chest  is  distended,  and  shortened  when  the  chest  is 
collapsed.  This  fact,  taken  in  connection  with  experiments  on  living  animals,  shows 
that  they  are  muscles  of  expiration.  Their  contraction  tends  to  depress  the  ribs  and 
consequently  to  diminish  the  capacity  of  the  chest.  If  we  bring  an  animal,  a  dog  for 
example,  completely  under  the  influence  of  ether,  expose  the  walls  of  the  chest,  dissect  off 
the  fascia  from  some  of  the  external  intercostals,  and  then  remove  carefully  a  portion  of 
one  or  two  of  these  muscles  so  as  to  expose  the  fibres  of  the  internal  intercostals,  it  is 
not  difficult,  on  close  examination,  to  observe  the  antagonism  between  the  two  sets  of 
muscles ;  one  being  brought  into  action  in  inspiration  and  the  other,  in  expiration. 

Itifracoatales, — These  muscles,  situated  at  the  posterior  part  of  the  thorax,  are  vari- 
able in  size  and  number.  They  are  most  common  at  the  lower  part  of  the  chest.  Their 
fibres  arise  from  the  inner  surface  of  one  rib  to  be  inserted  into  the  inner  surfacx)  of  the 
first,  second,  or  third  rib  below.  The  fibres  follow  the  direction  of  the  intenial  intercos- 
tals, and,  acting  from  their  lower  attachments,  their  contractions  assist  tliese  muscles  in 
drawing  the  ribs  downward. 

Trtanriuhris  Stcrni.— There  has  never  been  any  doubt  concerning  the  expiratory  func- 
tion of  the  triangularis  stemi.  From  its  origin,  the  ensiform  cartilage,  lower  borders  of 
the  sternum,  and  lower  three  or  four  costal  cartilages,  it  acts  upon  the  cartilages  of  the 
second,  third,  fourth,  and  fifth  ribs,  to  which  it  is  attached,  drawing  them  downward  and 
thus  diminishing  the  capacity  of  the  chest. 
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The  above-TDentioned  muscles  are  called  Into  action  in  nrdinarj  tranqtiil  respiration* 
tbeir  sole  fnnetian  is  to  diminish  the  capacity  of  the  chest.  In  labored  or  dilBcult 
pirmtioB,  and  in  the  acU  of  blowing,  phonation,  etc.,  other  muscles,  which  are  cxiUed 
■Bxiliariea,  play  a  more  or  less  important  part.  These  muscles  all  enter  into  ttie  forma* 
tionoCtlje  walb  of  the  abdomen,  and  their  general  action  in  expiration  is  to  press  the 
ibdotninal  viscera  and  diaphragm  int4>  the  thorax  and  dimlnisli  its  vertical  diameter. 
Their  aclion  is  vulnntary ;  and,  by  an  effort  of  the  will,  it  may  be  o|>po«ed  more  or  ies& 
\fj  the  diapiiragm,  by  which  means  the  duration  or  intensity  of  the  expiratory  act  is  regu* 
ktod.  Tbey  are  also  attached  to  the  ribs  or  costal  cartilages,  and,  while  they  presjs  the 
[>lini^n  upward^  depress  the  ribs  and  thus  dimiDish  the  antero-posterior  and  transverse 
era  of  the  chest.  In  this  action,  they  may  be  opposed  by  the  voluntary  contru^ion 
|lbe  nmades  which  raise  the  ribs,  ako  for  the  purpose  of  regulating  the  character  of  the 
rintary  «ct»  The  importance  of  this  kind  of  action  in  declamation^  dinging,  blowing, 
lont;  and  the  skill  exhibited  by  vocalists  and  performers  on  wind  instruments 
>  d*jlicfltely  this  may  be  regulated  by  practice, 
alwrt  1  r .  ]  irrition  in  disease  and  in  the  hurried  respiration  which  follows  violent 
tile  auxiliary  muscles  of  expiration,  as  well  as  of  inspirationi  are  called  into 
L  to  a  conaiderable  extent 
(Mi^^u  Exttrma. — This  muscle,  in  connection  with  the  obliqnus  intemnaand  trans- 
ia  efficient  in  forced  or  labored  expiration^  by  pressing  tlie  abdominal  viscera 
the  diaphragm.  Its  fibres  run  obliquely  from  above  downward  and  forward* 
Ae^Og  from  its  attachments  to  the  linea  alba,  the  crest  of  the  ileum,  and  Poupart's  liga- 
aeot,  by  its  attachment  to  the  eight  inferior  ribs,  it  draws  the  ribs  downward. 

O^liquuf  Internum, — This  muscle  al>«oacts  in  forced  expiration,  by  compres&ing  the  ab- 
toniniil  vlacera.  The  direction  of  its  fibres  is  from  below  upward  and  forwanl.  Acting 
from  its  attachments  to  the  crest  of  the  ilenm^  Foupart's  ligament,  and  the  lumbar  fascia, 
liy  its  mttaohmenta  to  the  cartilages  of  the  four  inferior  ribs,  it  draws  them  downwards 
Tbe  dirifiction  of  the  fibres  of  this  nmsclo  is  the  same  as  that  of  the  internal  Intercostals. 
Bj  its  action  the  ribs  are  drawn  inward  as  well  as  downward. 

T\ran9t€r9ali4, — The  expiratory  action  of  this  muscle  is  mainly  in  compressing  the  ab- 
domLnal  riscera. 

Saero'tfimbalis. — This  muscle  is  situated  at  the  posterior  riortion  of  the  abdomen  and 
tliemx.  Its  fibres  pass  from  its  origin  at  the  sacrnm,  upward  and  a  little  outward,  to  be 
fikserted  into  the  six  inferior  ribs  at  their  angles.  In  expiration  it  draws  the  ribs  down- 
vmrd^  &cUng  as  an  antagonist  to  the  lower  levatores  co^tarum. 

There  are  some  other  ronacles  whicli  may  be  brought  into  action  in  forced  expiration, 
Miiiirting  in  tlie  depression  of  the  ribs^  such  as  the  serratus  posticus  inferior,  the  superior 
fitres  of  the  serratus  magnus,  the  inlerior  portion  of  the  trapezius,  but  tJieir  function  is 
mdiupartant. 


7)fp€$  of  Reipimtion.—ln  the  expansive  movemeuta  of  the  chest,  although  all  the 
mofirlea  which  have  been  classed  as  ordinary  inspiratory  muscles  are  brought  into  action 
to  a  greater  or  less  extent,  the  fact  that  certain  seta  may  act  in  a  more  marked  manner 
than  others  has  led  physiologists  to  recognize  ditierent  types  of  respiration.  The*  three 
followtug  types  are  generally  given  in  works  on  physiology : 

1,  The  Ahdominal  type, — In  tliis,  the  action  of  the  diaphragra  and  the  consetiuent 
movements  of  the  abdomen  are  most  prominent. 

2,  Tk€  Itxferiar  Costal  type.— In  this,  the  action  of  the  muscles  which  expand  the 
lower  part  of  the  thorax,  from  the  scventli  rib  inclusive,  is  most  prominent.  * 

3,  Tht  Superior  Cmt4d  type.— hi  this,  the  action  of  the  muscles  which  dilate  the  thorax 
•bore  the  seventh  rib  and  which  elevate  the  entire  chest  is  most  prominent. 

The  abdominal  type  is  most  marked  in  children  under  the  age  of  three  years,  irrespec- 
tiTe  of  sex.    In  them^  respiration  is  carried  on  almost  exclusively  by  the  diaphragnL 
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At  a  variable  period  after  birth,  a  diflference  in  the  types  of  respiration  in  the  sexes 
begins  to  show  itself.  In  the  male,  the  abdominal  coigoined  with  the  inferior  costal  type 
is  predominant,  and  this  continues  through  life.  In  the  female,  the  inferior  costal  type 
is  insignificant,  and  the  superior  costal  type  predominates.  Observers  differ  in  their  state- 
ments of  the  period  of  life  when  this  distinction  in  the  sexes  becomes  apparent.  Without 
discussing  the  nice  question  as  to  the  exact  age  when  this  difference  in  the  sexes  first 
makes  its  appearance,  it  may  be  stated,  in  general  terms,  that,  shortly  before  the  age  of 
puberty  in  the  female,  the  superior  costal  type  becomes  more  marked  and  soon  predomi- 
nates ;  while,  in  the  male,  respiration  continues  to  be  carried  on  mainly  by  the  diaphragm 
and  lower  part  of  the  chest. 

The  cause  of  the  excessive  movements  of  the  upper  part  of  the  chest  in  the  female  has 
been  the  subject  of  considerable  discussion.  It  is  evident  that  it  is  not  due  to  the  mode 
of  dress  now  so  general  in  civilized  countries,  which  confines  the  lower  part  of  the  chest 
and  would  render  movements  of  expansion  somewhat  difBcult,  for  the  same  phenomenon 
is  observed  in  young  girls  and  others  who  have  never  made  use  of  such  appliances.  But 
there  is  evidently  a  physiological  condition,  the  enlargement  of  the  uterus  in  gestation, 
which,  at  certain  times,  would  nearly  arrest  all  respiratory  movements,  except  those 
of  the  upper  part  of  the  chest.  The  peculiar  mode  of  respiration  in  the  female  is  a  pro- 
vision of  Nature  against  the  mechanical  difficulties  which  would  otherwise  follow  the 
physiological  enlargement  of  the  uterus.  In  pathology  it  is  observed  that,  in  consequence 
of  this  peculiarity,  females  are  able  to  carry,  witliout  great  inconvenience,  immense  quan- 
tities of  water  in  the  abdominal  cavity ;  while  a  much  smaller  quantity,  in  the  male,  pro- 
duces great  distress  from  difficulty  of  breathing. 

Frequency  of  the  Respiratory  Morements, — In  counting  the  respiratory  acts,  it  is  de- 
sirable that  the  subject  bo  unconscious  of  the  observation,  otherwise  their  normal  char- 
acter is  apt  to  be  disturbed.  Of  all  who  have  written  on  this  subject,  Hutchinson  pre- 
sents the  most  numerous  and  convincing  collection  of  facts.  This  observer  ascertained 
the  number  of  respiratory  acts  per  minute,  in  the  sitting  posture,  in  1,897  males.  The 
results  of  his  observations,  with  reference  to  frequency,  are  given  in  the  following  table : 

Re«pirati<m9  per  miniUe.                                                                                               Kunibtr  qf  easei. 
From    9  to  16 79 

16  289 

17  105 

18  195 

19  74 

20  561 

21  129 

22  148 

23  42 

24  248 

24  to  40 87 

Although  this  table  shows  considerable  variation  in  different  individuals,  the  great 
miyority  (1,731)  breathed  from  sixteen  to  twenty-four  times  per  minute.  Nearly  a  third 
breathed  twenty  times  per  minute,  a  number  which  may  be  taken  as  the  average. 

The  relations  of  the  respiratory  acts  to  the  pulse  are  quite  constant  in  health.  It  has 
been  shown  by  Hutchinson  that  the  proportion  in  the  great  majority  of  instances  is  one 
i*cspirnt(>ry  act  to  every  four  pulsations  of  the  heart.  The  same  proportion  generally 
obtains  when  tlie  pulse  is  accelerated  in  disease,  except  when  the  pulmonary  organs  are 
involved. 

Age  has  an  influence  on  the  frequency  of  the  respiratory  acts,  corresponding  with 
what  we  have  already  noted  with  regard  to  the  pulsations  of  the  heart. 
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Qoelftlot  pyed  the  following  as  the  revolts  of  obseri^atiooi  on  800  males : 

44  respiratioDS  per  mioute,  toon  atter  birth ; 

2d^  at  the  age  of  five  years : 

SO,  si  the  age  of  lifteen  to  tweDtj  jeors ; 

19,  at  the  age  of  twcDty  to  twenty -five  years ; 

1«,  about  the  thirtieth  year ; 

la,  from  thirty  to  fifty  years. 

The  iufiuence  of  sex  is  not  marked  in  very  yoang  children.  The  same  obsert^er  noted 
&0  diifereiioe  betwe«!Q  males  and  femules  at  birth ;  but  in  yoang  women  the  respirations 
Mte  a  little  less  frequent  than  in  young  men  of  the  same  age. 

The  rarions  physiological  conditions  which  have  been  noted  as  aiTecting  the  pulse 
&!▼«  m  oorraepo&diog  infinence  on  respiration.  In  sleep^  ttie  number  of  respiratory  acts 
ii  dimlnitlMl  by  about  twenty  per  cent.  (Quetelet).  Muscular  efbrt  accelerates  the  re- 
^mlory  morementa  pari  poMU  with  the  movements  of  the  heart. 

Bdati&m  of  Inspiration  and  Expiration  to  each  o(hcr^The  E^BpiraUiry  .>j //^/J*.— In 
respiration,  imipiratlon  U  produced  by  the  action  of  muscles,  and  expiration,  in 
test  part^  by  the  passive  reaction  of  the  elaiitic  walls  of  the  thorax  and  the  lungs. 
inspiratory  and  ei[iiratary  acts  do  not  immediately  follow  each  other.  Commencing 
With  inspinition,  it  is  found  that  this  act  maintains  about  the  same  intensity  from  its  bo- 
pmLng  to  its  termination ;  there  is  then  a  very  brief  interval,  when  expiration  follows, 
Thioh  has  its  maximum  of  inteusity  at  the  commencement  of  the  act  and  gradually  dies 
away**  Between  the  acts  of  exj)iration  and  inspiration  is  an  interval,  which  is  somewhat 
longer  than  that  which  occurs  after  inspiration. 

The  duration  of  ex^iiration  is  generally  somewhat  greater  tLan  that  of  inspiration, 
ftllhoogh  they  may  be  nearly,  or  in  some  instances  quite  equal.  After  from  five  to  eight 
ordinary  respiratory  acts,  an  effort  generally  occura  which  is  rather  more  profound  than 
tl*e  rest,  and  by  which  the  air  m  the  lungs  is  more  effe«:tuaUy  changed.  The  temporary 
wrest  of  the  acts  of  respiration  in  violent  muscular  efforts,  in  straining,  in  parturition, 
et€w»  is  famiiiar  to  all. 

Ordinarily  respiration  is  not  accompanied  by  any  sormd  which  can  be  heard  without 
applying  the  ear  directly,  or  by  the  intervention  of  a  stethoscope,  to  the  respiratory 
orgmna;  except  w^hen  the  mouth  is  closed  and  breathing  is  carried  on  exclu^vtdy 
through  the  nasal  passages,  when  a  soft,  breezy  murmur  accompanies  both  acts.  If  the 
mouth  be  sufficiently  opened  to  admit  the  free  passage  of  air,  no  sonnd  is  to  be  Tieard  in 
hc^th.  In  sleep,  the  respirations  are  unusually  profound;  and,  if  the  mouth  be  closed, 
the  sound  is  rather  more  intense. 

Snoring,  a  peculiar  sound,  more  or  less  marked,  which  sometimes  aceompaniea  the 
reqnratory  acta  during  sleep,  occurs  when  the  nir  passes  through  both  the  mouth  and  the 
nose.  It  is  more  marked  in  inspiration,  sometimes  accompanying  both  actei,  and  sometimes 
it  is  not  heard  in  expiration.  It  is  not  nece8.*?ary  to  dc^crihe  the  characters  of  a  sound 
•o  familiar.  Snoring  is  an  idiosyncrasy  with  many  individtials,  althouirh  those  who  do  not 
wore  habltualty  may  do  so  when  the  system  is  unusually  exhausted  and  relaxed.  It  only 
occurs  when  the  moath  is  open,  and  the  sound  is  produced  by  vibration  and  a  sort  of 
flapping  of  the  velum  pendulum  palati^  between  the  two  currents  of  air  from  the  mouth 
and  nose,  together  wnth  a  vibration  in  the  column  of  air  itself. 

Applying  the  stethr^scope  over  the  larynx  or  trachea,  a  sound  is  heard,  of  a  distinctly 
•nd  purely  tubular  character,  accompanying  both  acta  of  respiration.  In  inspiration, 
iocofding  to  Dr.  Austin  Flint,  **  it  attains  its  maximum  of  intensity  quickly  after  the  de- 
velopment of  the  sound  and  maintains  the  same  intensity  to  the  close  of  the  act,  when 
the  sound  abruptly  ends,  as  if  suddenly  cut  off.''     After  a  brief  interval,  the  sound  of  ex- 

*  Ifli  Uitiiol]!^  to  Ihtt  reaplntory  munnur  nvor  tli^  fabitAiioe  of  tho  hwgi,  tho  explntor}*  foUows  Uio  IntplMlofy 
•MBd  wiChoift  m  lutflmJ.    Hie  Interval  butween  the  ftot*  of  tnspintloD  and  osptratloa  i«  oiil}r  appi^lst^d  oa  Uia  atr 
la  an4  out  at  die  mouth. 
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piration  follows.  This  is  also  tubular  in  quality ;  it  soon  attains  its  maximum  of  intensity, 
but,  unlike  the  sound  of  inspiration,  gradually  dies  away  and  is  lost  imperceptibly.  It  is 
seen  that  these  phenomena  correspond  with  the  nature  of  the  two  acts  of  respiration. 

Sounds  approximating  in  character  to  the  foregoing  are  hoard  over  the  bronchial 
tubes  before  they  penetrate  the  lungs. 

Over  the  substance  of  the  lungs,  a  sound  may  be  heard  entirely  different  in  its  char* 
acter  from  that  heard  over  the  larynx,  trachea,  or  bronchial  tubes.  In  inspiration,  the 
sound  is  much  less  intense  than  over  the  trachea  and  has  a  breezy,  expansive,  or  what 
is  called  in  auscultation  a  vesicular  character.  It  is  much  lower  in  pitch  than  the  tracheal 
sound.  It  is  continuous  and  rather  increases  in  intensity  from  its  commencement  to  its 
termination,  ending  abruptly,  like  the  tracheal  inspiratory  sound.  The  sound  is  produced 
in  part  by  the  movement  of  air  in  the  small  bronchial  tubes,  but  chiefly  by  the  expansion 
of  the  innumerable  air-cells  of  the  lungs.  It  is  followed,  without  an  interval,  by  the  sound 
of  expiration,  which  is  shorter,  one -fifth  to  one-fourth  as  long,  lower  in  pitch,  and  very 
much  less  intense.    A  sound  is  not  always  heard  in  expiration. 

The  variations  in  the  intensity  of  the  respiratory  sounds  in  different  individuals  are 
very  considerable.  As  a  rule  they  are  more  intense  in  young  persons ;  which  has  given 
rise  to  the  term  puerile  respiration,  when  the  sounds  are  exaggerated  in  parts  of  the  lung, 
in  certain  cases  of  disease.  The  sounds  are  generally  more  intense  in  females  than  in 
males,  particularly  in  the  upper  regions  of  the  thorax. 

It  is  difficult  by  any  description  or  comparison  to  convoy  an  accurate  idea  of  the 
character  of  tlie  sounds  heard  over  the  lungs  and  air-passages,  and  it  is  superfluous  to 
make  the  attemi)t,  when  they  can  be  so  easily  studied  in  the  living  subject. 

Coughing^  Sneezing^  Sighing^  Taicning,  Laughing,  Sobbing,  and  Hiccough, — ^These 
peculiar  acts  demand  a  fow  words  of  explanation.  Coughing  and  sneezing  are  gen- 
erally involuntary  acts,  produced  by  irritation  in  the  air-tubes  or  nasal  pass^ages,  al- 
though coughing  is  often  voluntary.  In  both  of  these  acts,  there  is  first  a  deep  in- 
spiration, followed  by  a  convulsive  action  of  the  expiratory  muscles,  by  which  the 
air  is  violently  expelled  with  a  characteristic  sound,  in  the  one  case  by  the  month, 
and  in  the  other  by  the  mouth  and  nares.  Foreign  bodies  lodged  in  the  air-passages 
are  frequently  expelled  in  violent  fits  of  coughing.  In  hypersecretion  of  the  bron- 
chial mucous  membrane,  the  accunuilated  mucus  is  carried  by  the  act  of  coughing 
either  to  the  mouth  or  well  into  the  larynx,  whence  it  is  expelled  by  the  act  of  ex- 
pectoration. When  either  of  those  acts  is  the  result  of  irritation  from  a  foreign  sub- 
stance or  secretions,  it  may  bo  modified  or  j)artly  smotliered  by  the  will,  but  is  not  com- 
pletely under  control.  The  exquisite  sensibility  of  the  mucous  membrane  at  the  summit 
of  tliC  air-passapjcs,  under  most  circumstances,  protects  them  from  the  entrance  of  foreign 
matters,  both  liquid  and  solid ;  for  the  slightest  impi;ession  received  by  the  membrane 
gives  rise  to  a  violent  and  involuntary  cough,  by  which  the  offending  matter  is  removed. 
Tho  dottis  is  also  spa.smodicaIly  contracted. 

Ill  si;xhing,  a  i)rolonged  and  deep  inspiration  is  followed  by  a  rapid  and  generally  an 
audible  expiration.  This  occurs,  as  a  general  rule,  once  in  from  five  to  eight  respiratory 
acts,  for  the  purpose  of  clianging  the  air  in  the  lungs  more  completely,  and  it  is  due  to  an 
exa^'coration  of  the  cause  which  gives  rise  to  the  ordinary  acts  of  respiration.  When  due 
to  dcj)rL's>ing  emotions,  it  has  the  same  cause;  for,  at  such  times,  respiration  is  less 
otR'Ctnally  performed.  Yawning  is  an  analogous  process,  l)ut  difters  from  sighing  in  the 
fact  that  it  is  involuntary  and  cannot  be  produced  by  an  effc^rt  of  the  will.  It  is  charac- 
terized by  a  wide  oj)ening  of  the  mouth  and  a  very  profound  inspiration.  Yawning  is 
jrenwi-idly  assumed  to  bo  an  evidence  of  fatigue,  but  it  often  occurs  from  a  sort  of  con- 
tagion. AVhen  not  tlie  result  of  imitation,  it  has  the  same  exciting  cause  as  sighing,  viz., 
deficient  oxygenation  of  the  blood,  and  it  is  followed  by  a  sense  of  satisfaction,  which  shows 
that  it  meets  some  decided  want  on  the  part  of  the  system. 
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Lnghiag  and  sobbingf  though  expressing  opposite  conditions,  are  produced  bj  Terr 
aneii  Hie  actDe  mechanism.  The  cbaracteristio  sonnda  accompanying  these  acts  are  the 
rtmilt  of  tfbort,  rapid,  and  conTutsive  movements  of  tlie  diaphragin,  accompanied  bj  con- 
tnolioiid  €»f  the  ma^K^les  of  the  face,  which  prod  nee  the  expressions  charftctenstiG  of 
fily  or  grief.  Althongh  to  a  certain  extent  under  the  control  of  the  will^  these  acts  are 
Jy  inrolnntarj.  Violent  and  convulsive  laughter  may  be  excited  in  many  individuals 
'  littllalioii  of  certain  portions  of  the  surface  of  the  body.  Laaghter  and  sometimes 
Ullage  like  yawning,  mny  be  the  result  of  involuntary  imitation. 

Bioooiigh  is  a  peculinr  modilication  of  the  act  of  in<ipiration,  to  which  it  is  exclusively 
D0d*  It  ia  produced  by  a  sudden,  convulsive^  and  entirely  involuntary  contraction 
r  the  diaphragm,  accompanied  by  a  spasmodic  constriction  of  the  glottis.  The  contrac* 
L  of  the  diaphragm  is  more  extensive  than  in  laughing  and  sobbing  and  occurs  only 
r  99trj  f*ynT  or  five  respiratory  act^.  The  causes  which  give  rise  to  hiccough  are  nu* 
,  and  many  of  them  are  referable  to  the  digestive  system.  Among  these  may  be 
OiStSoflod  the  rapid  ingestion  of  a  ipantity  of  dry  food  or  of  effervescing  or  alcoholic 
4fiaH*    It  occars  fi-equently  in  cases  of  disease. 


Capaeiif/  of  the  Lungs^  and  the  Quantity  of  Air  changed  in  the  Eespiratory 

Acts, 

The  volume  of  air  ordinarily  contained  in  the  lungs  is  about  two  hundred  cubic 

ladiefl;  bat  it  is  evident,  from  the  simple  experiment  of  opeuiug  the  chest,  when  tho 

elisttc  luD^  coHapt^e  and  expel  a  certain  quantity  of  air  which  cannot  be  removed  while 

^t  Tonga  are  in  §itu^  thai  a  part  of  the  gaseous  coutents  of  those  organs  necessarily 

na  after  the  most  complete  and  forcible  expiration.     After  an  ordinary  act,  there  is 

lin  quantity  of  air  in  the  lungs  which  can  be  expelled  by  a  forced  expiration.     In 

iry  respiration,  a  comparatively  small  volume  of  air  is  introduced  witli  in^piratioTi, 

,.  iilrh  IB  expelled  by  the  succeeding  expiration.'     By  the  extreme  action  of  all  the  inspi- 

nrnry  muscles  in  a  forced  inspiration,  a  supplementtd  quantity  of  air  may  be  introduecKl 

'  ;ng?,  which  then  contain  much  more  than  they  over  do  in  ordinary  respiration. 

1  T)i»^nce,  many  physiologista  have   adopted   the  following  names^   which   are 

a; ;  .  1  <^  various  volumes  of  air : 

1  /  Air ;  that  which  is  not  and  cannot  be  expelled  by  a  forced  expiration. 

t,  Ji^MTVs  Air;   that  which  remains  after  an  ordinary  expiration,  deducting  the 
residual  air, 

S.  Tidftl^  or  ardinnry  BrmthinQ  Air ;  that  which  is  changed  by  the  ordinary  acta 
of  inspiration  and  expiration. 

4.  Complemffital  Air ;  the  excess  over  the  ordinary  breathing  air,  which  may  be 
tntrodnced  by  a  forcible  inspiration. 

The  questions  relating  to  tbe  above  divisions  of  the  respired  air  have  been  made  the 

fubjeet  of  numerous  investigations;  but,  although  at  first  it  might  seem  easy  to  deter- 

aiUft  all  of  them  by  a  sufliclent  number  of  experiments,  the  necessary  observations  are 

nended  with  consiilerable  difficulty,  and  the  sources  of  error  are  numerous.    In  measur- 

f  the  air  changed  in  ordinary  breathing*  it  has  been  found  that  the  acts  of  respiration 

VW  ea«ily  influenced  by  the  mind  and  it  is  so  difficult  to  ex|>eriment  on  any  individual 

Ithont  bis  knowleilgc,  that  the  rcRults  of  many  good  observers  are  not  to  be  relied 

This  is  one  of  the  most  iinprirtant  of  the  questions  under  consideration.    The 

in  the  w*ay  of  estimating  with  accuracy  the  residual,  resen'e,  or  complemental 

u  ill  readily  suggest  themselves.     The  observations  on  these  poInU,  which  may 

f  taken  as  the  most  definite  nnd  exact,  are  those  of  ITerbst^  of  Gottingen,  and  Hutchin- 

^fon,  of  England.    Those  of  the  la^it-named  observer  are  exceedingly  elaborate  and  were 

'  Expfftmenta  hare  ihowni  that  a  eortaln  voliiin«'  of  air  Is  lost  In  tbe  lungrs*  tlif»  expired  air  befog  a  nttk  tMa  la 
une  than  tho  fittantitj  Iniplred  \tnm  ^  to  i^g).    Tills  ti  not  taken  Into  accoimt  In  tfaJa  ooiuwstloit. 
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made  on  an  immense  namber  of  subjects  of  both  sexes  and  of  all  ages  and  occapatioiUL 
They  are  generally  accepted  by  physiologists  as  the  most  extended  and  accurate. 

Residual  Air. — Perhaps  there  is  not  oue  of  the  questions  under  consideration  more 
difficult  to  answer  definitely  than  that  of  the  quantity  of  air  which  remains  in  the  lungs 
after  a  forced  expiration ;  but  it  fortunately  is  not  one  of  any  great  practical  importance. 
The  residual  air  remains  in  the  lungs  as  a  physical  necessity.  The  lungs  are  always,  iu 
health,  in  contact  with  the  walls  of  the  thorax;  and,  when  this  cavity  is  reduced  to  its 
smallest  dimensions,  it  is  impossible  that  any  more  air  should  be  expelled.  The  volume 
which  thus  remains  has  been  variously  estimated  at  from  forty  cubic  inches  (Fontana)  to 
two  hundred  and  twenty  cubic  inches  (Jurin).  Dr.  Hutchinson,  who  has  carefully  con- 
sidered this  point,  estimates  the  residual  volume  at  about  one  hundred  cubic  inches,  but  he 
states  that  it  varies  very  considerably  in  different  individuals.  Taking  every  thing  into 
consideration,  we  may  assume  this  estimate  to  be  as  nearly  correct  as  any.  It  is  certain 
that  the  lungs  of  a  man  of  ordinary  size,  at  their  minimum  of  distention,  contain  more 
than  forty  cubic  inches  of  air ;  and,  from  measurements  of  the  capacity  of  the  thorax, 
deducting  the  estimated  space  occupied  by  the  heart  and  vessels  and  the  parenchyma 
of  the  lungs,  it  is  shown  that  the  residual  air  cannot  amount  to  any  thing  like  two  hun- 
dred cubic  inches. 

There  is  no  special  division  of  the  function  of  respiration  connected  with  the  residual 
air.  It  remains  in  the  lungs  merely  as  a  physical  necessity,  and  its  volume  must  not  be 
taken  into  account  in  considering  the  volumes  which  are  changed  in  any  of  the  opera- 
tions connected  w^ith  breathing. 

Reserve  Air. — This  name  is  appropriately  given  to  the  volume  of  air  which  may  be 
expelled  and  changed  by  a  voluntary  effort,  but  which  remains  in  the  lungs,  added  to  the 
residual  air,  after  an  ordinary  act  of  expiration.  It  may  be  estimated,  without  any 
reference  to  the  residual  air,  by  forcibly  expelling  air  from  the  lungs,  after  an  ordinary 
expiration.    The  average  volume  is  one  hundred  cubic  inches. 

The  reserve  air  is  more  or  less  changed  whenever  we  experience  a  necessity  for  a 
more  complete  renovation  of  the  contents  of  the  lungs  than  ordinary.  It  is  encroached 
upon  in  tlie  unusually  profound  inspiration  and  expiration  which  occur  every  five  or  six 
acts.  It  is  used  in  certain  prolonged  vocal  efforts,  in  blowing,  etc.  Added  to  the  residual 
air,  it  constitutes  the  minimum  capacity  of  the  lungs  in  ordinary  respiration.  As  it  is 
continually  receiving  watery  vapor  and  carbonic  acid,  it  is  always  more  or  less  vitiated, 
and,  when  reenforced  by  the  breathing  air,  which  enters  with  inspiration,  is  continually 
in  circulation,  in  obedience  to  the  law  of  the  diffusion  of  gases.  Those  who  are  in  tlie 
habit  of  arresting  respiration  for  a  time,  as  peari-divers,  learn  to  change  the  reserve  air 
as  completely  as  possible  by  several  forcible  acts  and  then  fill  the  lungs  with  fresh  air. 
In  this  way  they  are  enabled  to  suspend  the  respiratory  acts  for  from  one  to  two  minutes 
without  inconvenience.  The  introduction  of  fresh  air  with  each  inspiration,  and  the 
constant  diffusion  w^hich  is  going  on  and  by  which  the  proper  quantity  of  oxygen  finds 
its  way  to  the  air-cells,  give,  in  ordinary  breathing,  a  composition  to  the  air  in  the 
deepest  portions  of  the  lungs  which  insures  a  constant  aeration  of  the  blood. 

Tidal^  or  Ordinary  Breathing  Air, — The  volume  of  air  which  is  changed  in  the 
ordinary  acts  of  respiration  is  subject  to  immense  physiological  variations,  and  tlie 
respiratory  movements,  as  regards  intensity,  are  so  easily  influenced  by  tlie  mind,  that 
great  care  is  necessary  to  avoid  error  in  estimating  the  volume  of  ordinary  breathing  air. 
The  estimates  of  Ilerbst  and  of  Hutchinson  are  th.e  results  of  very  extended  observations 
made  with  great  care  and  are  generally  acknowledged  to  be  as  nearly  accurate  as  pos- 
sible. As  a  mean  of  these  observations,  it  has  been  found  that  the  average  volume  of 
breathing  air,  in  a  man  of  ordinary  stature,  is  twenty  cubic  inclies.   According  to  Hutch- 
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>  lo  iMrfeci  repose,  when  the  respiratory  movements  are  hardly  perc^^ptible,  not 
tli&Ei  frotn  seren  to  twelve  cubic  inches  are  chaogetl ;  while,  under  excitement,  he 
luw  seen  the  volmne  iu  creased  to  seventy -seven  cubic  inches.  Of  course  the  latter  U 
tini|iofmry.  Uerbst  noted  that  the  breathing  volume  is  constantly  increased  in  pro- 
portion  to  the  stature  of  the  individual  and  bears  no  deBnite  relation  to  the  apparent 
c!i|>«eity  of  the  chest 

Ofm^lmnmiul  Air. — The  thorax  may  be  so  enlarged  by  an  extreme  voluntary  in- 
ipktlory  effort  a^  to  contain  a  quantity  of  air  much  larger  than  after  an  ordinary  in- 
ipira!^<m.  The  additional  volume  of  air  thus  taken  in  may  be  estimated  by  measuring 
all  the  ^r  which  can  be  expelled  froiii  the  lungs  after  the  most  profound  inspiration,  and 
didaeting  the  sum  of  the  reserve  air  and  breathing  air.  This  quantity  haa  been  found 
by  Hnichinson  to  vary  in  different  individuals,  bearing  a  close  relation  to  stature.  The 
I  oomplemental  volume  is  one  hundred  and  ten  cubic  inches. 
The  complemental  air  is  drawn  upon  whenover  an  effort  is  made  which  reqnires  a 
aporary  arrest  of  respiration.  Brief  and  violeut  muscular  exertion  is  generally  pre- 
by  a  profound  inspiration.  In  sleep,  as  the  volume  of  breathing  air  is  stunewhat 
il,  the  complemental  air  is  encroached  upon.  A  part  or  the  whole  of  the  com- 
air  is  also  used  in  certain  vocid  efforts,  in  blowing,  in  yawning,  in  the  deep 
luporatiaii  which  precedes  sneezing,  in  straining,  etc. 

Summarff, — In  a  healthy  male  of  medium  stature,  the  residual  air,  which  cunuot  bo 
ctpelled  from  the  lungs,  amounts  to  about  one  hundred  cubic  inches. 

The  reserve  air,  which  can  be  expelled  but  which  is  not  changed  in  ordinary  respi- 
nti^^p,  amounts  to  about  one  hundred  cubic  inches. 

The  tidal  air»  which  Is  changed  in  ordinary  respiration,  amounts  to  about  twenty 
cnbie  ioches. 

The  complemental  air,  which  may  be  taken  into  the  lungs  after  the  coujjtletioa  of  an 
ary  act  of  ini*piration,  amounts  to  about  one  hundred  and  ten  cubic  inches. 

Extr4m6  Breathing  Capacity. — By  the  extreme  breathing  capacity  is  meant  the  vol- 
De  of  air  which  can  be  expelled  from  the  lungs  by  the  most  forcible  expiration,  after 
;  most  profound  inspiration*  This  has  been  called  by  Or,  Ilutt  liinson  the  vital  capa- 
iiity,  as  signifying  **  the  volmne  of  air  which  can  be  displaced  by  living  movements.'* 
it»  volume  is  equal  to  the  sum  of  the  reserve  air,  the  breathing  air,  and  the  complemental 
»ir,  and  represents  the  extreme  capacity  of  the  chest,  deducting  the  residual  air.  Its 
^hy«iologica]  interest  is  due  to  the  fact  that  it  can  readily  be  deterniined  by  an  appro- 
yriat*  uppjiratuft,  the  spiromet^ir,  and  comparisons  can  thus  be  made  between  different 
I!  both  healthy  and  diseased.     The  number  of  observations  on  tbb  point  made 

I  t  Iiinson  is  enormous,  amounting  in  all  to  little  short  of  five  thousand* 

Ibe  extreme  breatbiug  capacity  in  health  is  subject  to  variations  which  have  been 
iliown  to  bear  a  vtty  close  rebtion  to  the  stature  of  the  individuaL  Hutchinson  com- 
msnces  with  the  proposition  that,  in  a  man  of  medium  heij^dit  {five  feet  eight  inches),  it 
ii  ^{wal  to  two  hundred  and  thirty  cubic  inclies.  He  has  shown  thut  the  extreme  breath- 
mg  cApacity  is  constant  in  the  same  individual,  and  that  it  is  not  to  be  increased  by  habit 
Of  practice. 

The  most  striking  result  of  the  experiments  of  Dr.  Hutchinson,  with  regard  to  the 
nifxiifications  of  the  vital  capacity,  is  that  it  bears  a  detinite  relation  to  stature,  without 
being  affected  in  a  very  markod  degree  by  weight  or  t!i©  circumference  of  the  cheat. 
This  M  especially  remarkable,  as  it  is  well  known  that  height  does  not  depend  so  much 
opon  the  length  of  the  body  as  upon  the  lentrth  of  the  lower  extremities. 

It  has  been  ascertained  that  for  every  inch  in  height^  between  five  and  six  feet,  the 
y  br66thjng  capacity  is  increased  eight  cubic  inches. 
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The  following  table  shows  the  mean  results  of  the  immense  number  ot  observatioiui 
on  which  this  conclusion  is  based : 

Progression  of  the  Vital  Cap<icity  Volume  with  the  Stature, 


Height 


6  feet    0  inches  J  5^^^^    ^  ,^^^ 

5  "      I      "       [«    "      8    " 

K         »i  ^  i(  J 

6  "      6      "       P  -^ 

5  **      6      "       I        »c      .    u 

6  *'      8      "       P  ^ 

5(i  Q  it  . 

o  '  5      "        Q      *' 

5  »'     10      "       p  ^ 

6  "      0      "       p          ^^ 
Mean  of  all  Heights 


Itt  remit. 
1750 

188*6 
206-0 
2220 
237-6 
264-6 


2140 


III 


1760 
1910 
2070 
228-0 
2410 
258-0 


174-0 
1900 
2060 
222-0 
2380 
2640 


217-0       2140 


Age  has  an  influence,  though  less  marked  than  stature,  upon  the  extreme  breathing 
capacity.  As  the  result  of  4,800  observations  (males),  it  was  ascertained  that  the  Yolome 
increases  with  age  up  to  the  thirtieth  year,  and  progressively  decreases,  with  tolerable 
regiilarity,  from  the  thirtieth  to  the  sixtieth  year.  These  figures,  though  necessarily  sub- 
ject to  certain  individual  variations,  may  be  taken  as  the  basis  for  examinations  of  the 
extreme  breathing  capacity  in  disease,  which  frequently  give  important  information. 
Of  course,  the  breathing  capacity  is  modified  by  any  abnormal  condition  which  interferes 
with  the  mobility  of  the  thorax  or  the  dilatability  of  the  lungs. 

Iielations  in  Volume  of  the  Expired  to  the  Inspired  Air. — A  certain  proportion  of  the. 
inspired  air  is  lost  in  respiration,  so  that  the  air  expired  is  always  a  littie  less  in  volume 
than  that  which  is  taken  into  the  lungs.  All  the  older  experimenters,  except  Magendie, 
were  agreed  upon  tliis  point.  The  loss  was  jmt  by  Davy  at  if^,  and  by  Cuvier  at  -^  of 
the  amount  of  air  introduced.  Observations  on  this  point,  to  be  exact,  must  include  a 
considerable  number  of  respiratory  acts;  and,  from  the  difficulty  of  continuing  respira- 
tion in  a  perfectly  regular  and  normal  manner  when  the  attention  is  directed  to  that 
function,  the  most  accurate  results  may  probably  be  obtained  from  experiments  on  the 
lower  animals.  Desi)retz  caused  six  young  rabbits  to  respire  for  two  hours  in  a  confined 
space  containing  two  hundred  and  ninety-nine  cubic  inches  of  air,  and  ascertained  that 
the  volume  liad  diminished  sixty-one  cubic  inches,  or  a  little  more  than  one-fiftieth.  Wo 
may  take  tlie  ai)proximations  of  Davy  and  Cuvier,  as  applied  to  the  human  subject,  as 
nearly  correct,  and  assume  that,  in  the  lungs,  from  ^^  ^^  A  ^^  ^^®  inspired  air  is  lost. 

Difmion  of  Air  in  the  Lungs, — When  it  is  considered  that,  with  each  inspiration,  but 
about  twenty  cubic  inches  of  fresh  air  is  introduced,  sutficient  only  to  fill  the  trachea  and 
larper  bronchial  tubes,  it  is  evident  that  some  forces  must  act  by  which  this  fresh  air 
finds  its  way  into  the  air-cells  and  the  vitiated  air  is  brought  into  the  larger  tubes,  to  be 
expelled  with  the  succeeding  expiration.  The  expired  air  may  become  so  charged  with 
noxious  gases,  by  holding  the  breath  for  a  few  seconds,  that,  when  collected  in  a  receiver 
under  water,  it  is  incapable  of  supporting  combustion. 
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n«  iQteroh&nge  between  the  fresh  atr  tu  the  upper  portionB  of  the  re^piratoff  appa- 
rttttf  nnd  the  air  in  the  deeper  purts  of  the  lungs  is  oonstantly  going  on,  in  obodienco  to 
the  well-knawD  law  of  the  diffusion  of  gases,  aided  bj  the  aotive  earroiit<4  or  impulses 
|irodac9ed  hj  the  alternate  movements  of  the  chest.  When  two  gases,  or  mistnres  of 
pnnn,  of  ililfereDt  densities  are  brought  in  contact  with  each  other,  they  ditfuse  or  mingle 
wtth  grvftt  rapidity,  nntil,  if  undisturbed,  the  whole  mass  has  a  Duifomi  den»itjr  and  oom- 
poffttaa.  This  has  b«en  shown  to  take  place  between  very  light  and  very  heavy  gases 
in  oppoftition  to  the  laws  of  gravity,  and  even  when  two  reservoirs  are  connected  by  a 
imall  tube  many  feet  in  length,  tlioairh  then  it  proceeds  quite  slowly.  In  the  respiratory 
apparatus,  at  the  termination  of  inspiration,  the  atmospheric  air,  composed  nf  a  mixture 
eif  oxygen  and  nitrogen,  is  introduced  into  the  tubes  with  a  considerable  inipetns  and  is 
brought  into  contact  with  the  gas  in  tlie  lunjEjs^  which  is  much  heavier,  as  it  contains  a 
ecmstderable  quwitity  of  carbonic  acid.  Ditfusion  then  takes  place,  aided  by  the  elastic 
luQgi,  which  are  gradually  forcing  the  gaseous  contents  out  of  the  cells,  until  u  certain 
portion  of  the  air  loaded  with  carbonic  acid  finds  its  way  to  the  larger  tubes,  to  be 
thrown  off  in  expiration,  its  place  being  supfdied  by  the  fresh  air. 

In  obedience  to  the  law  established  by  Graham,  that  the  difruslhility  of  gases  is  in- 
r^T^ly  pro^Kjrtionate  to  the  square  root  of  their  densities,  the  penetration  of  atmos- 
j>heric  air,  which  is  the  lighter  gas,  to  the  deep  portions  of  the  lungs  would  take  place 
witli  greater  rapidity  than  the  ascent  of  the  air  charged  with  carbonic  acid;  so  that 
ttghty-one  parts  of  carbonic  acid  should  be  replaced  by  ninety -five  of  ojtygon.  It  is 
foandf  indeed,  that  the  volnrne  of  carbouio  acid  exhaled  is  always  less  than  the  voluiup 
of  oxygen  absorbed*  This  diffusion  is  constimtly  going  on,  so  that  the  air  in  the  pnl- 
aginary  vesicles,  where  the  interchange  of  gases  with  the  blood  takes  place,  maintains  a 
pietty  uniform  composition.  The  process  of  aeration  of  the  blood,  therefore,  has  none 
cf  that  intermittent  character  which  attends  the  muscular  movemcDts  of  respiration, 
vhich  would  undoubtedly  occur  if  the  entire  gas&ons  contents  of  the  lungs  were  changed 
with  eyery  respiratory  act. 


CHAPTER    V. 


CffAJfQES   WmCff  THK  AIR  Aim  TBE  BLOOD  UNDERGO  AV  li£SPIBA770.\\ 


Itloo  of  th«  mirw-C«i»arapUrrti  of  oxygen— KxhultMon  of  carbonic  acid— Inflneneo  of  *fv— E«*bttoii«  betw««i 
lfai»  quantitr  of  oxygco  coti*uiiiwl  and  thu  l|1initt^  of  cui+KSuic  wiA  exhaled— KxhnlAtUiti  of  wjitery  vopnr— Kl- 
Intetldfi  of  ftmmoiiiar— Eidiftlatinr)  of  orfninip  ntttior^ExliiiLitloD  of  nit rTif;&i>— Changs  of  tli«  hUtm\  In  rt>np\t%- 
Itei  <b«!inmtoflla)^Duret«Dc«  In  cobr  txttweoo  wrtciia)  «iid  todoo*  bJood'—CompftrlMm  of  tho  jptf«9  In  vouotiEi 
sad  ■it#rfAl  blood—AnAlysli  of  the  bt<jotl  itor  ini»<>s^R^'liitive  qiu»tlti«fi  of  oxfgm  ftod  oirtook;  imHU  in  vt-ntius 
atdaitcTfat  blood— Nltroircn  of  thd  Mood— Condition  of  t2ie  gasea  In  ih«  binod— Mediaiilsoi  of  tli(»  biCffrc^uLiigo 
«f  iaM»  betwMo  th«  blood  ud  Ums  mIi*  In  tho  lmiff»— RoktioM  of  rMptnidoo  to  nnfcrltkMi,  ota— View*  of  pbyil- 
^loftote  Ulterior  to  tbe  Hums  of  LatuUIit— llpbHoiui.  of  tlw  oonuiinptioii  of  oacyfon  to  DntrltSoii— BelattoiM  of 
tlitf  cmJttlatioo  of  eurbonto  tcid  to  nntiiUon-^EMrntlal  procGiMB  of  ratplniUon^Tho  rvsplmtory  teote,  or  wiuat 
on  tli»  t«rt  of  Cbo  ajrvtom  wbloh  tnittiocts  tho  rpsplntoiy  moTctiieDt»— BeaptmUiry  «flbrU  before  Uirtb— Cutn- 
M^«>  ratpifattoo— AjphyxU. 


FgoM  the  allusions  which  we  have  already  made  to  the  general  process  of  respiration, 
U  is  apparent  tliat,  before  the  discovery  of  the  nature  of  the  gases  which  compo&e  the 
iSr  and  those  which  are  exlmle<l  from  the  lungs,  it  was  imfHjsJikible  for  pliysiologists  to 
kave  atiy  correct  ideas  of  the  nature  of  this  important  fnnctioii.  It  is  not  suqmsing  that 
tho  Jinck-nts,  obserring  the  regular  introduction  of  air  into  tho  lungs  and  noting  the  fact 
lljat  the  air  is  generally  much  cooler  than  the  body,  supposed  the  great  object  of  respi- 
ration to  be  the  cooling  of  the  blood.  It  is  also  evident  that  no  definite  knowltd^ie  of 
my  of  the  processes  of  respiration  could  exist  prior  to  the  discovery  of  the  circulation 
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of  the  blood  and  our  knowledge  of  the  composition  of  the  air  and  the  properties  of 
oxygen. 

The  discovery  of  the  properties  of  oxygen  and  carbonic  acid,  although  bearing  upon  the 
great  question  under  consideration,  were  simply  isolated  facts  and  fjEuled  to  develop  any 
definite  idea  of  the  changes  of  the  air  and  blood  in  respiration.  The  application  of  theae 
facts  was  made  by  the  great  chemist,  Lavoisier,  who  was  the  first  to  employ  the  delicate 
balance  in  chemical  investigation,  and  whose  observations  mark  the  beginning  of  an 
accurate  knowledge  of  the  function  of  respiration.  With  the  balance,  Lavoisier  showed 
the  nature  of  the  oxides  of  the  metals ;  he  discovered  that  carbonic  acid  is  formed  by  a 
union  of  carbon  and  oxygen ;  and,  noting  the  consumption  of  oxygen  and  the  produc- 
tion of  carbonic  acid  in  respiration,  advanced,  for  the  first  time,  the  view  that  the  one 
was  employed  in  the  production  of  the  other.  Although,  as  would  naturally  be  expected, 
the  doctrines  of  this  great  observer  have  been  modified  with  the  advances  in  science,  he 
developed  facts  which  will  stand  forever,  and  which  have  served  as  the  starting-point  of 
all  our  knowledge  on  this  subject.  From  that  time,  physiologists  began  to  regard  resfu- 
ration  as  consisting  in  the  appropriation  of  oxygen  and  the  exhalation  of  carbonic  acid ; 
and  now  the  seat  of  this  process  is  simply  changed  from  the  lungs  to  the  tissues.  From  the 
limited  knowledge  of  the  intimate  phenomena  of  nutrition  which  obtained  in  his  day, 
Lavoisier  could  not  be  expected  to  entertain  any  other  view  than  that  the  carbonic  acid 
produced  was  the  result  of  a  direct  uuion  of  oxygen  with  carbon  in  the  blood.  It  ia 
only  since  investigations  have  made  manifest  the  great  complexity  of  the  processes  of 
nutrition,  that  some  are  unwilling  to  believe  that  carbonic  acid  is  produced  in  so  simple 
a  way  as  it  appeared  to  Lavoisier. 

Composition  of  the  A  ir. — Pure  atmospheric  air  is  a  mechanical  mixture  of  79*19  parte 
of  nitrogen  with  20*81  parts  of  oxygen  (Dumas  and  Boussingault).  It  contains,  in  addi* 
tion,  a  very  small  quantity  of  carbonic  acid,  about  one  part  in  2,000  by  volume.  The  air 
is  never  free  from  moisture,  which  is  very  variable  in  quantity,  being  generaUy  more 
abundant  at  a  high  than  at  a  low  temperature.  In  1840,  Schoubein  discovered  in  the 
air  a  peculiarly  odorous  principle  called  ozone,  which  he  conceived  to  be  a  compound  of 
oxygen  and  hydrogen,  but  which  is  now  pretty  well  shown  to  be  an  allotropic  form  of 
oxygen.  Oxygen  obtained  by  decomposing  water  by  the  Voltaic  pile  is  in  this  condition. 
It  exists  in  very  small  quantity  in  the  air,  and,  as  far  as  we  know,  plays  no  important 
part  in  the  function  of  respiration.  Its  chief  interest  has  been  in  its  theoretical  rela- 
tions to  epidemic  diseases.  Floating  in  the  atmosphere,  are  a  number  of  excessively- 
minute  organic  bodies.  Various  odorous  and  other  gaseous  matters  may  be  present  aa 
accidental  constituents  of  the  atmosplicre. 

In  considering  the  function  of  respiration,  it  is  not  necessary  to  take  account  of  any 
of  the  constituents  of  the  atmosphere  except  oxygen  and  nitrogen,  the  others  being 
either  inconstant  or  existing  in  excessively  minute  quantity.  It  is  necessary  to  the  regu- 
lar performance  of  the  function,  that  the  air  should  contain  about  four  parts  of  nitrogen 
to  one  of  oxygen  and  have  about  the  density  whidi  exists  on  the  general  surface  of  the 
globe.  When  the  density  is  very  much  increased,  as  in  mines,  respiration  is  usually 
more  or  less  disturbed.  By  exposure  to  a  rarefied  atmosphere,  as  in  the  ascent  of  high 
mountains  or  in  aerial  voyages,  respiration  may  be  very  seriously  interfered  with,  from  the 
fact  that  less  oxygen  than  usual  is  presented  to  the  respiratory  surface  and  the  reduced 
atmospheric  pressure  diminishes  the  capacity  of  the  blood  for  holding  gases  in  solution. 

Magendie  and  Bernard,  in  experimenting  on  the  minimum  proportion  of  oxygen  in 
the  air  which  is  capable  of  sustaining  life,  found  that  a  rabbit,  confined  under  a  bell- 
glass,  with  an  arrangement  for  removing  the  carbonic  acid  and  water  exhaled  as  fast  as 
they  were  produced,  died  of  asphyxia  when  the  quantity  of  oxygen  became  reduced  to 
from  three  to  five  per  cent. 

A  few  experiments  are  on  record  in  which  the  human  subject  and  animals  have  been 
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to  nsfiiTe  for  n  time  pure  oxrgen.  Although  this  is  the  pas  which  is  essentld  in 
ordinarj  respiration,  the  process  being  carried  on  about  as  well  in  a  mixture  of  oxygen 
witii  hjdrogen  as  with  nitrogen,  the  functions  do  not  seem  to  he  much  altered  when  the 
fiore  gAS  is  tAken  into  the  lungs.  Allen  and  Pepys  confined  animaJs  for  twenty-four 
hoQfs  in  on  atnioephere  of  pure  oxygen  without  any  notable  results;  but,  as  is  justly 

L remarked  by  Longet,  these  experiments  do  not  show  that  it  would  be  possible  to  respire 
onmixed  oxygen  indefinitely  without  inconvenience.  As  it  exists  in  the  air,  oxvfzen  is 
nndonbtccUy  in  the  best  form  for  the  permanent  maintenance  of  the  respiratory  func- 
ikm.  The  blood  seems  to  have  a  certain  capacity  for  the  absorption  of  oxygen^  which  is 
not  increased  when  the  pur©  gas  is  respired. 
The  only  other  gas  which  has  the  power  of  maintaining  respiration,  even  for  a  time, 
ii  nltroaa  oxide*  This  is  absorbed  by  tlie  blood-corpuscles  with  gr<^at  aridity,  and,  for  a 
tfme.  it  produces  an  exaggeration  of  tlie  vital  processes,  with  delirium,  etc. — ^properties 
which  h:ire  ^iren  it  the  common  name  of  the  laughing  gas;  but  this  condition  is  foU 
bwed  by  amesthe^ia,  and  tin  ally  asphyxia,  probably  because  the  gas  has  such  an  affinity 
fef  tke  blood-corpuscles  as  to  remain  to  a  certain  extent  6xed,  interfering  with  that  inter* 
dknig^  of  gases  which  is  essential  to  life.  Notwithstanding  this,  experimenters  have 
euafined  witli  impunity  rabbits  and  other  animals  in  an  atmosphere  of  nitrous  oxide  for 
•  nimiher  of  hours.  In  all  cases  they  hec.ime  asphyxiated,  but  in  some  instances  were 
restored  on  being  br^mght  again  into  tlie  ordinary  atmosphere* 

Other  gases  which  may  bo  introduced  into  the  lungs  either  produce  asphyxia,  nega- 
tircly,  from  the  fact  they  are  not  absorbed  hy  the  blood  and  are  incapable  of  carrying  on 
re<{>fr&tion,  like  hydrogen  or  nitrogen,  or  positively*  by  a  poisonous  effect  on  the  system. 
The  most  important  of  the  gases  which  act  as  poisons  are^  carbonic  oxide,  sulphuretted 
kydrogen,  and  arseniurutti^d  hydrogen.  It  ie  s<jmew  hat  uncertain  whether  carbonic  acid 
exert  tts  deleterious  influence  as  a  poison  or  as  merely  t^kking  the  place  of  the  oxygen  in 
the  bloixJ-corposcles,  It  is  easily  dif«placed  from  the  blood  by  oxygen,  and  therefore 
not  seem  to  possess  the  properties  of  a  poison,  like  curbouic  oxide  and  some  other 
which  become  fixed  in  the  blood  and  are  not  readily  displaced  when  fresh  air  is 
btrDdtiC4*d  into  the  Inngs, 

CftUffimption  of  Orygen, — ^The  determination  of  the  quantity  of  oxygen  which  is  re- 
iDtHied  from  the  air  by  the  process  of  respiration  is  a  i^uestion  of  great  physiological 
intcn?4t  and  one  which  engaged  largely  the  attention  of  Lavoisier  and  those  who  have 
Uowed  in  his  line  of  observation*     On  this  point,  there  is  an  accimmlated  mass  of 
ervations,  which  are  compar.^itively  unimportant  from  the  fact  tlint  they  were  made 
tho  means  of  analysis  of  the  gases  were  as  perfect  as  they  now  are.     Although 
ny  of  the  results  obtained  hy  the  older  experimenters  are  interesting  and  insitroctive 
I  showing  the  comparative  quantities  of  oxygen  consumed  under  various  x>hysiological 
nditions,  they  are  not  to  be  comj>ared  with  the  more  recent  observations.     In  the 
vrrations  of  Regnault  and  Reiset,  the  animal  to  be  experimented  upon  was  enclosed 
I  a  receiver  filled  with  air,  a  measured  quantity  of  oxygen  was  introduced  as  fast  as  it 
waa  conaomcd  by  respiration,  and  the  carbonic  acid  was  constantly  removed  and  care* 
fully  estimated.     In  most  of  the  experiments,  the  confinement  did  not  appear  to  inter- 
krt  with  the  functions  of  the  anirnal,  which  ate  and  drank  in  the  apparatus  and  was  in 
Bs  j^ood  condition  at  the  termination  as  at  the  beginning  of  the  oliservation.     This  method 
ifl  much  more  accurate  than  that  of  »imply  causing  an  animal  to  breathe  in  a  confined 
^m:^^  when  the  consumption  of  oxygen  and  accumulation  of  carbonic  acid  and  other 
matters  must  interfere  more  or  less  with  the  proper  performance  of  tlie  respiratory  func- 
tion.   As  employed  by  Regnanlt  and  Keiset,  it  is  only  adapted  to  experiments  on  animals 
of  nntU  fix©.    These  give  but  an  approximate  idea  of  the  processes  as  they  take  place  In 
the  hanum  gnttject*  as  it  is  natural  to  suppose  that  the  relative  quantities  of  gases  con- 
i  and  produced  in  respiration  vary  in  different  orders  of  animals. 
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In  the  researches  on  respiration  by  Dr.  Max  Pettenkofer,  the  conditions  for  accorate 
observation  on  the  human  subject  seem  to  have  been  fulfilled.  Dr.  Pettenkofer  con- 
structed a  chamber  large  enough  to  admit  a  man  and  allow  perfect  freedom  of  motion, 
eating,  sleeping,  etc.,  into  which  air  could  be  constantly  introduced  in  definite  quantity, 
and  from  which  the  products  of  respiration  were  constantly  removed  and  estimated.  An 
incomplete  series  of  observations  is  published,  which  has  particular  reference  to  tlie  prod- 
ucts of  respiration ;  and,  thus  far,  the  subject  of  consumption  of  oxygen  has  not  been  fuUy 
considered.  This  method  was  adapted  to  the  hutnan  subject  on  a  small  scale  in  1848,  by 
Scharling,  but  there  was  no  arrangement  for  estimating  the  quantity  of  oxygen  furnished. 

Estimates  of  the  absolute  quantities  of  oxygen  consumed,  or  of  carbonic  acid  ex- 
haled, based  on  analyses  of  the  inspired  and  expired  air,  calculations  from  the  average 
quantity  of  air  chang&d  with  each  respiratory  act,  and  the  average  number  of  respirations 
per  minute,  are  by  no  means  so  reliable  as  analyses  showing  the  actual  changes  in  the  air, 
like  those  of  Kcgnault  and  Reiset,  provided  the  physiological  conditions  be  fulfillt^d. 
When  there  is  so  much  multiplication  and  calculation,  a  very  slight  and  perhaps  unavoid- 
able inaccuracy  in  the  quantities  consumed  or  produced  in  a  single  respiration  will  make 
an  immense  error  in  the  estimate  for  a  day  or  even  an  hour.  Bearing  in  mind  all  these 
sources  of  error,  from  the  experiments  of  Valentin  and  Brunner,  Dumas,  Regnault  and 
Reisct,  and  others,  a  sufficiently-accurate  approximation  of  the  proportion  of  oxygen 
consumed  by  the  human  subject  may  be  formed.  The  air,  which  contains,  when  inspired, 
20*81  parts  of  oxygen  per  100,  is  found  on  expiration  to  contain  but  about  16  parts  per 
100.  In  other  words,  the  volume  of  oxygen  absorbed  in  the  longs  is  five  per  cent,  or  ^ 
of  the  volume  of  air  inspired.  It  is  interesting  and  useful  to  extend  this  estimate  as  far 
as  possib]c  to  the  quantity  of  oxygen  absorbed  in  a  definite  time ;  for  the  regulation  of 
the  supply  of  oxygen  where  many  persons  are  assembled,  as  in  public  buildings,  hospi- 
tals, etc.,  is  a  question  of  great  practical  importance.  Assuming  that  the  average  respira- 
tions per  minute  are  eighteen,  and  that,  with  each  act,  twenty  cubic  inches  of  air  are 
chunked,  fifteen  cubic  feet  of  oxygen  are  consumed  in  the  twenty-four  hours,  which  repre- 
sent three  hundred  cubic  feet  of  j)ure  air.  This  is  the  minimum  quantity  of  air  which  is 
actually  used,  making  no  allowance  for  any  increase  in  the  intensity  of  the  respiratory 
processes,  which  is  liable  to  occur  from  various  causes.  To  meet  all  the  respiratory  exi- 
gencies of  the  system,  in  hospitals,  prisons,  etc.,  it  has  been  found  necessary  to  allow  at 
least  ei;:lit  hundred  cubic  feet  of  air  for  each  person,  unless  the  situation  be  such  that  the 
air  is  chanji:^d  with  unusual  freiiuency ;  for,  beside  the  actual  loss  of  oxygen  in  the  respired 
air,  constant  emanations  from  both  the  pulmonary  and  cutaneous  surfaces  are  taking 
place,  whicli  should  be  removed.  In  some  institutions  as  nmch  as  twenty -five  hundred 
cubic  feet  of  air  is  allowed  to  each  person. 

The  quantity  of  oxygen  consumed  is  subject  to  great  variations,  depending  upon  tem- 
perature, the  condition  of  the  digestive  system,  muscular  activity,  etc.  The  following 
conclusions,  the  results  of  the  observations  of  Lavoisier  and  Seguin,  give  at  a  glance  the 
variations  from  the  above-mentioned  causes : 

"1.  A  man,  in  repose  and  fasting,  with  an  external  temperature  of  90**  Fahr.,  con- 
sumes 1,405  cubic  inches  of  oxygen  per  hrmr. 

"2.  A  man,  in  repose  and  fasting,  with  an  external  temperature  of  50°  Fahr.,  con- 
sumes 1,027  cubic  inches  of  oxygen  per  hour. 

*'  3.  A  man,  during  digestion,  consumes  2,300  cubic  inches  of  oxygen  per  hour. 

**4.  A  man,  fastin;:,  while  he  accomplishes  the  labor  necessary  to  raise,  in  fifteen 
minutes,  a  weijrht  of  7,343  kil.  (about  10  lb.  3  oz.  av.)  to  the  height  of  050  feet,  con>umi.s 
3,874  cubic  inches  of  oxygen  per  hour. 

**5.  A  man,  during  digestion,  .accomplishing  the  labor  necessary  to  raise,  in  fifteen 
minutes,  a  weight  of  7,343  kil.  (about  10  lb.  3  oz.  av.)  to  the  height  of  700  feet,  consumes 
5,508  cubic  inches  of  oxygen  per  hour.'' 

All  who  have  experimented  on  the  iufiuence  of  temperature  upon  the  consumption  of 
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B,  ill  th^  warm-blooded  animald  and  in  tbe  hninaa  subject,  have  noted  a  marked  In- 
ftt  low  temperatiires.  Immediately  after  birth,  the  consumption  of  oxygen  in  tiie 
Vttnn-Uooded  nnimalB  is  relatively  very  slij^bt.  Buffbn  and  Legallois  have  shown  tliat, 
jQil  afWr  biftl^  dogs  and  other  animals  will  live  for  half  an  bonr  or  more  onder  water ;  and 
eans  am  <m  record  where  life  has  been  restored  in  newly-born  children  aller  sevun^  and, 
It  baa  been  stated^  after  twenty-three  hours  of  aspbyxia.  (Milne-Edwards.)  During  the 
first  periods  of  exi^^tence,  the  condition  of  the  newly *bom  approxiiuatea  to  that  of  a  c^iM- 
blooded  animal.  The  lang^  are  relatively  very  small,  and  it  is  some  time  before  they  fully 
MTOtne  their  function.  Tbe  muscular  movetuenta  ore  hardly  more  than  \a  necessary  to  take 
the  amall  amount  of  nourishment  consumed  at  that  period,  and  nearly  all  of  the  time  is 
passed  in  sleep.  There  is  also  very  little  power  of  reaistanoe  to  low  temperature.  Although 
teiMifato  researches  regarding  the  comparative  quantities  of  oxygen  in  the  venous  and 
ailcflal  Wood  of  the  foetus  are  wanting,  it  has  been  frequently  observed  that  the  differ- 
Maa  In  celor  is  not  m  marked  as  it  is  after  pulmonory  respiration  becomes  establiifhed. 
Tlic  direct  researches  of  W.  F.  Edwards  have  shown  that  the  absolute  consumption  of 
oiyg@o  by  very  young  animals  is  very  small ;  and  the  observations  of  Legallois  on  rabbi ta, 
oiade  every  6ve  days  during  the  first  month  of  existence,  show  a  rapidly-increasing  da- 
maod  for  this  principle  with  age. 

R^guaidt  and  Reiset  have  shown  that  the  consumption  of  oxygen  is  greater  in  lean 
tJum  in  very  fat  animaLs  provided  they  be  in  perfect  health.  They  have  also  shown  that 
th«  cooaomption  is  much  greater  in  carnivorous  than  in  herbivorous  animals;  and^  in  anl- 

f  af  dllferent  aises^  it  is  relatively  much  greater  in  those  which  are  very  small  In 
birds,  such  as  the  sparrow,  the  relative  quantity  of  oxygen  absorbed  was  ten 
timaa  greater  than  in  the  fowl. 

During  sleep  the  quantity  of  oxygen  consumed  is  considerably  diminished;  and  in  hi- 
IxmatioD  it  is  so  small,  that  Spallanzaui  could  not  detect  any  difference  in  tlio  coraposi- 
tion  of  the  air  in  which  a  marmot,  in  a  state  of  torpor,  had  remained  for  three  hours. 
la  experiments  on  a  marmot  in  hibernation,  Regnault  and  Reiset  observed  a  rc<lnction 
tn  the  quantity  of  oxygen  consumed  to  about  ^  of  the  normal  gttandard. 

It  lias  been  *hown  by  experiments,  that  tlie  consumption  of  oxygen  bears  a  pretty 
conatant  ratio  to  the  production  of  carbonic  acid ;  and^  as  the  observations  upon  the  infiu- 
tttcc  of  sex,  number  of  resjiiratory  acts,  eto,,  on  the  activity  of  the  respiratory  processes, 
Uave  lK»en  made  chiefly  with  refvrenco  to  the  carbonic  acid  exhaled,  we  shall  consider 
Uia^e  influences  in  connection  with  the  prodncts  of  respiration* 

Experiments  on  tlie  effect  of  increasing  the  proportion  of  oxygen  in  the  air  have  led 
tu  varied  reanlta  in  the  bands  of  different  observers.  Regnault  and  Reiset,  whose 
obeervations  on  this  point  are  generally  accepted,  did  not  discover  any  increase  in  tho 
amaiimption  of  oxygen  when  this  gas  was  largely  in  excess  in  the  atmosphere. 

The  results  of  confining  on  anitiial  in  an  atmosphere  composed  of  twenty-one  part^n  of 
oxygen  and  seventy-nine  parts  of  hydrogen  are  very  curious  and  instructive.  When 
uifcydrogen  is  thns  substituted  for  the  nitrogen  of  the  air,  the  contiomption  of  oxygen  is 
hrgcly  increased.  Regjjault  and  Reiset  attribute  this  to  the  superior  refrigerating  power 
of  the  hydrogen;  but  a  more  rational  explanation  would  seem  to  be  in  its  superior 
4iilli»ibility.  Hydrogen  is  tlie  most  diffusible  of  all  gases;  and,  when  introduced  into  the 
Jttfi  in  place  of  the  nitrogen  of  the  air,  the  vitiated  air,  charged  with  carbonic  acid, 
U  undoubtedly  more  readily  removed  from  the  deep  portions  of  the  lungs,  giving  place 
to  the  mixture  of  hydrogen  and  oxygen.  It  is  probably  for  this  reason  that  tlie 
quantity  of  oxygen  consumed  is  increased.  It  is  probable  that  the  nitrogen  of  tlie  air 
plays  an  important  part  in  the  phenomena  of  respiration  by  virtue  of  its  degree  of 
diffa*ibility. 

In  view  of  the  great  variations  in  the  consumption  of  oxygen  dependent  on  different 
physiological  conditions^  such  as  digestion,  exercise,  tem|»crature,  etc.,  it  i^s  impossible  to 
fix  upon  any  number  which  will  represent,  even  approximatively,  the  average  quantity 
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consnmed  per  hour.  The  estimate  arrived  at  hy  Longet,  from  a  oomparison  of  the  re- 
sults obtained  by  diiferent  reliable  observers,  is  perhaps  as  near  the  troth  as  possible. 
This  estimate  puts  the  hourly  consumption  at  from  1,220  to  1,525  cubic  inches,  *^iii  an 
adult  male,  during  repose  and  in  normal  conditions  of  health  and  temperature." 

In  passing  through  the  lungs,  the  air,  beside  losing  a  proportion  of  its  oxygen, 
undergoes  the  following  changes : 

1.  Increase  in  temperature. 

2.  Gain  of  carbonic  acid. 

3.  Gain  of  watery  vapor. 

4.  Gain  of  ammonia. 

6.  Gain  of  a  small  quantity  of  organic  matter. 
6.  Gain,  and  occasionally  loss,  of  nitrogen. 

The  elevation  in  temperature  of  the  air  which  has  passed  through  the  lungs  has  been 
carefully  observed  by  Dr.  Gr^hant.  He  found  that,  with  an  external  temperature  of  72' 
Fahr.,  respiring  seventeen  times  per  minute,  the  air  taken  in  by  the  nares  and  expired  by 
the  mouth,  through  an  apparatus  containing  a  thermometer  carefully  protected  from  ex- 
ternal influences,  marked  a  temperature  of  95*4°.  Taking  in  the  air  by  the  mouth,  the 
temperature  of  the  expired  air  was  93°.  At  the  commencement  of  the  expiration,  Dr. 
Gr6hant  noted  a  temperature  of  94°.  After  a  prolonged  expiration,  the  temperature 
was  90°.     In  these  observations,  the  temperature  taken  beneath  the  tongue  was  98®. 

Exhalation  of  Carbonic  Acid, — The  production  of  carbonic  acid  in  the  respiratory 
process  is  as  universal  as  the  consumption  of  oxygen.  Experiments  have  shown  that  all 
animals  during  life  exhale  this  principle,  as  well  as  all  tissues,  so  long  as  they  retain  their 
irritability.  This  takes  place,  not  only  when  the  animals  or  tissues  are  placed  in  an 
atmosphere  of  oxygen  or  common  air,  but,  as  was  observed  by  Spallanzani,  in  an 
atmosphere  of  pure  nitrogen  or  hydrogen.  This  fact  has  since  been  noted  by  W.  F. 
Edwards,  J.  Miiller,  G.  Liebip,  Bert,  and  others. 

The  study  of  the  exhalation  of  carbonic  acid  presents  several  problems  of  great 
physiological  interest: 

1.  What  is  the  absolute  quantity  of  carbonic  acid  exhaled  by  the  lungs  in  a  given 
time? 

2.  What  are  the  variations  in  the  exhalation  of  this  principle  due  to  physiological 
influences? 

3.  What  is  the  relation  between  the  quantity  of  carbonic  acid  produced  and  the 
quantity  of  oxygen  consumed  ? 

On  account  of  the  variations  in  the  quantities  of  carbonic  acid  exhaled  at  different 
periods  of  the  day,  and  particularly  the  great  influence  of  the  rapidity  of  the  respiratory 
movements,  it  is  exceedingly  difficult  to  fix  upon  any  number  that  will  represent  the 
average  proportion  of  this  gas  contained  in  the  expired  air.  The  same  influences  were 
found  affecting  the  consum{)tion  of  oxygen,  and  the  same  diflRculties  were  experienced 
in  forming  an  estimate  of  the  proportion  of  this  gas  consumed.  As  we  assumed,  after 
a  comparison  of  the  results  obtained  by  different  observers,  that  the  volume  of  oxygen 
consumed  is  about  five  per  cent,  of  the  entire  volume  of  air,  it  may  be  stated,  as  an 
approximation,  that,  in  the  intervals  of  digestion,  in  re]>ose,  and  under  normal  conditions 
as  regards  the  frequency  of  the  pulse  and  respiration,  tl)e  volume  of  carbonic  acid 
exhaled  is  about  four  per  cent,  of  the  volume  of  the  expired  air.  As  the  volume  of 
oxygen  whicli  enters  into  the  composition  of  a  definite  quantity  of  carbonic  acid  is  pre- 
cisely ecpial  to  the  volume  of  the  carbonic  acid,  it  is  seen  that  a  certain  quantity  of 
oxygen  disappears  in  respiration  and  is  not  represented  in  the  carbonic  acid  exhaled. 

There  are  great  differences  in  the  proi>T>rtion  of  carbonic  acid  in  the  expired  air, 
depending  upon  the  time  during  which  the  air  has  remained  in  the  lungs.    This  interest- 
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^^pitet  lias  be€n  studied  hj  Vierordt,  in  a  series  of  ninety-four  experiments  made  upon 
||i»  own  person f  with  the  following  results: 

^Wlicn  ihv  respirations  are  frequent,  tbc  qunntitj  of  carbonic  acid  expelled  at  each 
fXplnition  is  much  hss  than  in  a  hIow  expiration ;  but  the  quantity  of  carbonic  acid  pro- 
duced '  I  time  by  frequent  respirataona  ia  greater  than  that  which  is  thrown 

•vhioij  esicapea  during  the  first  period  of  un  expiration  ia  naturally  less  rich  in 

ul  than  that  which  is  last  cxptlled  and  comes  directly  from  the  deeper  jior- 

rihe  lungs.     Dividing,  as  nearly  as  poeeible,  the  ex]nr»tion  into  two  equal  parta, 

rdt  found,  as  the  meim  of  twenty-one  experiments,  a  percentage  of  8'72  in  the 

drst  p4Tt  «f  the  expiration  and  5*44  in  the  second  part. 

'  iTy  arrest  of  the  respiratory  movemeLt»,tfs  wo  should  expects,  has  a  marked 

i  increasing  tlj©  proportion  of  carbonic  acid  in  the  expired  air;  although  tlie 

^v  exhaled  in  a  given  time  is  diminished.     In  a  number  of  experiments 

-.Qti^  Vierordt  ascertained  that  the  perccntJige  of  carbonic  acid  becomes 

14  in  aii  ports  of  tlie  respiratory  organs,  after  holding  the  breatli  for  forty  seconds. 

.'  the  breath  after  an  ordinary  inspiration,  for  twenty  seconds,  the  percentage 

acid  in  the  expired  air  was  increased  1*7^  over  the  normal  t;tandard;  but  the 

.  -uu  v  -iiiantity  exhaled  waa  diminished  by  2*642  cubic  inches.     After  taking  the 

6€7«e4t  tiosaible  inspiration  and  holding  the  breath  for  one  hundred  seconds,  the  per- 

s  increaiicd  3*08  above  the  normal  standard ;  Imt  the  absolute  quantity  waa 

rnor<*  than  fonrf^en  cubic  inches,     Allen  and  Fejiys  state  that  air  which  has 

L'h  the  Jungs  contains  9-5  per  cent,  of  carbonic  acid. 

x^  formula  as  representing  tbe  influence  of  the  frequenoy  of 

uoDs  un  the  production  of  carbonic  acid :  Taking  2*5  parts  per  hundred  as 

^  tho  constant  value  of  the  gas  exhaled  by  the  blood,  the  increase  over  this 

in  the  expired  air  is  in  exact  ratio  to  the  duration  of  the  contact  of  the  air 


'lute  quantity  of  carbonic  acid  exhaled  in  a  given  time  ia  a  more  important 

V  than  the  proportion  contained  in  the  expired  air;  for  the  latter  is  con- 

-  with  every  modification  in  the  number  and  extent  of  the  respiratory  acts, 

ime  of  breathing  air  is  subject  to  great  tluctuations  and  is  very  ditficult  of 

■  Amnag  the  most  reliable  observations  on  the  quantity  of  carbonic  acid  exhaled  by  the 

L^tttn  ffubject  in  a  definite  time  and  the  variations  to  which  it  is  subject,  are  those  of 
^^■Bdml  oxul  Gararret  and  of  Dr,  Edward  Smith,  The  observations  of  Lavoisier  and  8^gnia, 
^^Buet,  ^  '    imas,  Allen  and  Pepy^,  Scharling,  and  others,  have  none  of  them  seemed 

^^^fidi'  s*!irv  experimental  conditions  so  completely.     Seharling^a  method  was  to 

tBelottt  hie  nubi*  -ht  box,  With  a  capacity  of  about  twenty-seven  cubic  feet,  to 

wUtxtk  sir  was  «  supfilied;  but  the  observations  were  comparatively  t^ew^  being 

VMk  00  only  *ix  pet"  i-  lu  his  observations,  the  quantities  of  gas  exhaled  must  have 
bMB<*-^** "'*'>'•" My  modUicU  by  the  elevation  of  temperature  and  exhalation  of  moisture  in 
»  muz  The  mental  condition  of  the  subject  of  an  experiment  ha«  an  influence 

i|o«  ihe  prod  nets  of  respiration,  and  the  function  is  sometimes  modified  from  the  mere 
iKiibAt  aa  exptinment  is  being  performed ;  an  influence  which  Scharling  did  not  fail  to 
noiffibis  i  ly  cannot  be  guarded  against. 

Tbe  oW  i  and  Gavarret  were  made  on  sixty-two  persons  of  both 

VOiaofl  <'  »^'es  and  under  absolutely  identical  conditions  as  regards  digestion, 

0a»  nf  tiK*  ,  ,  Mtietrio  pressure,  and  temperature.  The  products  of  respiration  were 
ttitftwl  in  the  following  way ;  A  thin  mask  of  copper  covering  the  face  and  large 
9tm$l  '  "  •-*iin  an  entire  expiration  was  fitted  to  the  face  by  its  edges,  which  were 
froriif  ijdia*nibber  so  as  to  make  it  air-tight,     At  the  upper  part  was  a  plate  of 

l^lii  Ktr  ihc  admisftion  of  lights  and  at  the  lower  part,  an  openiDg,  which  allowed  the 
10 
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entrance  of  air  bat  was  provided  with  a  valve  preventing  its  escape.  Bj  another  open- 
ing, the  mask  was  connected  bj  a  rubber  tube  with  three  glass  balloons,  capable  of  hold- 
ing 8,544  cubic  inches,  in  which  a  vacuum  had  been  previously  established.  'With  the  mask 
tixed  upon  the  face,  and  a  stopcock  opened,  connected  with  the  balloons,  so  as  to  gradu- 
ate the  current  of  air,  the  subject  respires  freely  in  the  current  which  comes  from  the 
exterior  into  the  receivers.  In  this  way,  although  the  quantity  of  air  respired  is  not  meas- 
ured, the  vacuum  in  the  receivers  draws  in  the  products  of  respiration.  The  current  will 
continue  for  from  eight  to  thirteen  minutes  and  is  so  regulated  that  the  air  is  respired 
but  once.  The  quantity  of  carbonic  acid  in  the  receivers  represents  the  quantity  pro- 
duced during  the  time  that  the  experiment  has  been  going  on.  By  carefully  fulfilling  all 
tlie  physiological  conditions,  regulating  the  number  of  respirations,  as  far  as  possible,  to 
the  normal  standard,  different  observations  on  tbe  same  subject,  at  different  times  and  under 
the  same  conditions,  were  attended  with  results  so  nearly  identical  as  to  give  every  coo- 
lidence  in  the  accuracy  of  the  process.  But  even  then,  these  observers  recognized  such 
immense  variations  in  the  exhalation  of  carbonic  acid  with  the  constantly-varying  physi- 
ological conditions,  that  they  did  not  feel  justified  in  taking  their  observations  as  a  basis 
for  calculations  of  the  entire  quantity  exhaled  in  the  twenty-four  hours. 

The  results  of  the  above-mentioned  observations  on  the  male,  between  the  ages  of  six- 
teen and  thirty,  between  1  and  2  p.  m.,  under  identical  conditions  of  the  digestive  and 
muscular  systems,  each  experiment  lasting  from  eight  to  thirteen  minutes,  showed  an 
exhalation  of  about  1,220  cubic  inches  of  carbonic  acid  per  hour. 

Dr.  Edward  Smith,  in  his  elaborate  paper  on  the  phenomena  of  respiration,  employed 
a  very  rigorous  method  for  the  estimation  of  the  carbonic  acid  exhaled.  He  used  a  mask, 
fitting  closely  to  the  face,  which  covered  only  the  air-passages.  The  air  was  admitted  after 
being  measured  by  passing  through  an  ordinary  dry  gas-meter.  The  expired  air  was  passed 
through  a  drying  apparatus,  and  the  carbonic  acid  was  absorbed  by  a  solution  of  potash, 
arranged  in  a  number  of  layers  so  as  to  present  a  surface  of  about  seven  hundred  square 
inches,  and  carefully  weighed.  This  apparatus  was  capable  of  collecting  all  the  carbonic 
acid  exhuled  in  an  hour.  The  estimate  was  made  for  eighteen  waking  hours  and  six  hours 
of  sleep.  The  observations  for  the  eighteen  hours  were  made  on  four  persons;  namely. 
Dr.  Sinitli,  rot.  38  years,  weighing  196  pounds,  C  feet  high,  with  a  vital  capacity  of  280 
cubic  inches;  Mr.  Moul,  cct.  48  years,  5  feet  9 J  inches  high,  175  pounds  weight;  Dr. 
Murie,  set.  26  years,  5  feet  7 J  inches  hij^h,  133  pounds  weight,  vital  capacity  250  cubio 
inches;  Prof.  Frankland,  ©t.  33  years,  5  feet  10^^  inches  high,  and  186  pounds  weight. 
Breakfast  was  taken  at  8^  a.  m.,  dinner  at  H,  tea  at  5^,  and  supper  at  8^  p.  m.  The  ob- 
servations occupied  ten  minutes  and  were  made  every  hour  and  half-hour  for  eighteen 
hours.  The  average  for  the  eighteen  hours  gave  20,082  cubic  inches  of  carbonic  acid  for 
the  whole  period.  Observations  during  the  six  hours  of  sleep  i?howed  a  total  exhalation 
of  4,126  cubic  inches.  This,  added  to  the  quantity  exhaled  during  the  day,  gives  as  the 
total  exhalation  in  the  twenty-four  hours,  during  complete  repose,  24,208  cubic  inches 
(about  14*24  cubic  feet),  containing  7*144  oz.  av.  of  carbon.  Considering  the  great  varia- 
tiuns  in  tlie  exhalation  of  carbonic  acid,  this  estimate  can  be  nothing  more  than  an  ap- 
proximation. 'One  of  the  great  mo<lifying  influences  is  muscular  exertion,  by  which  the 
production  of  carbonic  acid  is  largely  increased.  This  would  indicate  a  larger  quantity 
during  ordinary  conditions  of  exercise,  and  a  much  larger  quantity  in  the  laboring  classes. 
Dr.  Smith  gives  the  following  approximate  estimates  of  these  differences: 

In  quietude 7144  oz.  av.  of  carbon. 

Non-laborious  class SOS        "  ** 

Laborious  class 11*7  **  ** 

In  studying  the  variations  in  the  exhalation  of  carbonic  acid,  important  information 
has  been  derived  from  experiments  by  many  observers  on  the  inferior  animals,  as  well  as 
from  the  observations  of  Dumas,  Prout,  Schariing,   Petteiikofcr,  and  others,  on  the 
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banian  sabject.  The  principal  conditions  which  influence  the  exhalation  of  this  principle 
are  the  following :  Age  and  sex ;  activity  or  repose  of  the  digestive  system ;  form  of 
diet ;  sleep ;  moscnlar  activity ;  fatigue ;  moisture  and  surrounding  temperature ;  season 
of  the  year. 

Influence  of  Age. — In  treating  of  the  consumption  of  oxygen,  it  was  stated  that,  daring 
the  first  few  days  of  extra-uterine  existence,  the  demand  for  oxygen  on  the  part  of  the 
system  is  very  slight.  At  this  period  there  is*a  correspondingly-feeble  exhalation  of 
carbonic  acid.  It  is  well  known  that,  during  the  first  hours  and  days  after  birth,  the  new 
being  has  little  power  of  generating  heat,  needs  constant  protection  from  changes  in  tem- 
perature, and  the  voluntary  movements  are  very  imperfect.  During  the  first  few  days, 
indeed,  the  infant  does  little  more  than  sleep  and  take  the  small  quantity  of  colostrum 
which  is  famished  by  the  mammary  glands  of  the  mother.  While  the  animal  functions 
are  so  imperfectly  developed  and  until  the  nourishment  becomes  more  abundant  and  the 
child  begins  to  increase  rapidly  in  weight,  the  quantity  of  carbonic  acid  exhaled  is  very 
snalL 

After  the  respiratory  function  has  become  fully  established,  it  is  probable,  from  the 
greater  number  of  respiratory  movements  in  early  life,  that  the  production  of  carbonic 
idd,  in  proportion  to  the  weight  of  the  body,  is  greater  in  infancy  than  in  adult  life. 
Direct  observations,  however,  are  wanting  on  this  point. 

The  observations  of  Andral  and  Gavarret  show  the  comparative  exhalation  of  carbonic 
add  in  the  male,  from  the  age  of  twelve  to  eighty-two,  and  give  the  results  of  a  single 
observation  at  the  age  of  one  hundred  and  two  years.  They  show  an  increase  in  the 
ibidate  quantity  exhaled,  from  the  age  of  twelve  to  thirty-two ;  a  slight  diminution, 
from  thirtj-two  to  sixty ;  and  a  considerable  diminution,  from  sixty  to  eighty-two.  These 
resolts  are  given  in  the  following  table : 

Carbonic  acid  exhaled  per  hour 

In  boys  from  twelve  to  sixteen  years 916  cubic  inches. 

In  young  men  from  seventeen  to  nineteen  years 1,220      **        " 

In  men  from  twenty-five  to  thirty-two  years. 1,343      "        " 

In  men  from  thirty-two  to  sixty  years 1,220      "        " 

In  men  from  sixty-three  to  eighty-two  years 933      '*        " 

In  an  old  man  of  one  hundred  and  two  years. 071      '*        " 

Taking  into  consideration  the  increase  in  the  weight  of  the  body  with  age,  it  is  evident 
that  the  respiratory  activity  is  much  greater  in  youth  than  in  adult  life.  Andral  and 
Gavarret  do  not  give  the  weight  of  the  subjects  of  their  observations,  but,  as  the  weight 
generally  does  not  diminish  after  maturity,  there  can  be  no  doubt  that  there  is  a  rapid 
diminution  in  the  relative  quantity  of  carbonic  acid  produced  in  old  ago. 

Scharling,  in  a  series  of  observations  on  a  boy  nine  years  of  age  and  weighing  48*5 
pounds,  an  adult  of  twenty-eight,  and  one  of  thirty-five  years,  the  latter  weighing  163*6 
pounds,  showed  that  the  respiratory  activity  in  the  child  was  nearly  twice  as  great,  in 
proportion  to  his  weight,  as  the  average  in  the  adults.  It  is  seen,  from  the  observations 
of  Andral  and  Gavarret,  that  the  absolute  increase  in  the  exhalation  of  car])onic  acid  from 
childhood  to  adult  life  is  very  slight  in  comparison  with  the  natural  increase  in  the 
weight  of  the  body ;  showing  that,  proportionately,  tlie  exhalation  of  carbonic  acid  is 
greater  in  early  life. 

Influence  of  Sex. — All  observers  have  found  a  marked  difference  between  the  sexes,  in 
favor  of  the  male,  in  the  proportion  of  carbonic  acid  exhaled.  Andral  and  Gavarret  noted 
sn  absolute  difference  of  about  forty-five  cubic  inches  per  hour  but  did  not  take  into 
consideration  the  differences  in  the  weight  of  the  body.  Scharling,  taking  the  proportion 
exhaled  to  the  weight  of  the  body,  noted  a  marked  difference  in  favor  of  the  male. 

The  difference  in  the  degree  of  muscular  activity  in  the  sexes  is  sufficient  to  account 
for  the  greater  evolution  of  carbonic  acid  in  the  male,  for  this  principle  is  exhaled  in  pro- 
portion to  the  muscular  development  of  the  individual ;  but  there  is  an  important  differ- 
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ence  coDnected  with  tlie  variations  with  age,  which  depends  upon  the  condition  of  the 
generative  system  of  the  female. 

The  ahsolnte  increase  in  the  evolution  of  carbonic  acid  with  age,  in  the  female,  is 
arrested  at  the  time  of  puberty  and  remains  stationary  during  the  entire  menstroal 
period,  provided  the  menstrual  flow  occur  with  regularity.  During  this  time,  the  average 
exhalation  per  hour  is  714  cubic  inches.  After  the  cessation  of  the  menses,  the  quantity 
gradually  increases,  until,  at  the  ago  of  sixty,  it  amounts  to  915  cubic  inches  per  hour. 
From  the  ago  of  sixty  to  eighty-two,  the  quantity  diminishes  to  793,  and  finally  to  670 
cubic  inches. 

When  the  menses  are  suppressed,  there  is  an  increase  in  the  exhalation  of  carbonic 
acid,  which  continues  until  the  flow  becomes  reestablished.  In  a  case  of  pregnancy 
observed  by  Scharling,  the  exhalation  was  increased  to  about  885  cubic  inches. 

Influence  of  Digestion, — Almost  all  observers  agree  that  the  exhalation  of  carbonic 
acid  is  largely  increased  during  digestion.  Lavoisier  and  66guin  found  that,  in  repose 
and  fasting,  the  quantity  exhaled  per  hour  was  1,210  cubic  inches,  which  was  raised  to 
1,800  and  1,900  during  digestion.  Numerous  experiments  on  animals  have  confirmed 
this  statement.  A  very  interesting  series  of  observations  on  this  point  was  made  by 
Vierordt  upon  his  own  person.  Taking  his  dinner  at  from  12*30  to  1  p.  m.,  having  noted 
the  frequency  of  the  pulse  and  respirations  and  the  exhalation  of  carbonic  acid  at  12,  he 
found,  at  2  p.  m.,  the  pulse  and  respirations  increased  in  frequency,  the  volume  of  expired 
air  augmented,  and  that  the  carbonic  acid  exlialed  had  increased  from  15*77  to  18*22  cable 
inches  per  minute.  In  order  to  ascertain  that  this  variation  did  not  depend  upon  the 
time  of  day  independently  of  the  digestive  process,  he  made  a  comparison  at  12  m.,  at  1 
and  at  2  p.  m.  without  taking  food,  which  showed  no  notable  variation,  either  in  the 
pulse,  number  of  respirations,  volume  of  expired  air,  or  quantity  of  carbonic  acid  exhaled. 
There  can  be  no  doubt  that  the  exhalation  of  carbonic  acid  is  notably  increased  daring 
the  functional  activity  of  the  digestive  system. 

The  effect  of  inanition  is  to  gradually  diminish  the  exhalation  of  carbonic  acid.  Bidder 
and  Schmidt  noted  the  daily  production  of  carbonic  acid  in  a  cat  which  was  subjected  to 
eighteen  days  of  inanition,  at  the  end  of  which  time  it  died.  The  quantity  diminished 
gradually  from  day  to  day,  until,  just  before  death,  it  was  reduced  a  little  more  than  one- 
half.  Dr.  Smith  noted,  in  his  own  person,  the  influence  of  a  fast  of  twenty-seven  hours. 
There  was  a  marked  diminution  in  tlie  quantity  of  air  respired,  in  the  quantity  of  vapor 
exhaled,  in  the  number  of  respirations,  and  in  the  rapidity  of  the  pulse.  The  exhalation 
of  carbonic  acid  was  diminislied  one-fourth.  An  interesting  point  in  this  observation  was 
the  fact  that  the  quantity  was  as  small  four  and  a  half  hours  after  eating  as  at  the  end 
of  the  twenty-seven  hours.  "  An  increase  of  carbonic  acid  in  the  absence  of  food,  at  or 
near  the  period  wlion  it  is  usually  increased  by  food,"  was  also  noted  in  the  expei'iment 
by  Dr.  Smith. 

Influence  of  Diet. — Regnault  and  Reiset,  in  their  experiments  on  animals,  studied  the 
effect  of  different  kinds  of  diet  upon  the  relations  of  the  quantity  of  oxygen  absorbed  to 
the  carbonic  acid  exhaled.  About  the  only  conclusive  and  extended  series  of  investiga- 
tions on  the  influence  of  diet  upon  the  absolute  quantity  of  carbonic  acid  exhaled  are 
those  of  Dr.  Smith.  This  observer  made  a  large  number  of  experiments  on  the  inflaence 
of  various  kinds  of  food  and  extended  bis  iD<}uiries  into  the  influence  of  certain  beverages, 
such  as  tea,  coffee,  cocoa,  malt  and  fermented  liquors.  We  have  already  fully  described 
the  method  emj)loyed  in  these  experiments,  and  the  conclusions,  which  are  of  great 
interest  and  importance,  are  very  exact  and  reliable. 

Dr.  Smith  divides  food  into  two  classes,  one  which  increases  the  exhalation  of  carbonic 
acid,  which  ho  calls  respiratory  excitants,  and  the  other,  which  diminishes  the  exhalation, 
he  calls  non-exciters. 

The  following  are  the  results  of  a  large  number  of  carefully-conducted  observations 
upon  four  persons: 
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"  The  excito-respiratory  are  nitrogeneous  food,  milk  and  its  components,  sugars,  rum, 
beer,  stout,  the  cereals,  and  potato. 

**  The  -non-exciters  are  starch,  fat,  certain  alcoholic  compounds,  the  volatile  elements 
of  wines  and  spirits,  and  coffee-leaTes. 

"Respiratory  excitants  have  a  temporary  action;  but  the  action  of  most  of  them 
commences  very  quickly,  and  attains  its  maximum  within  one  hour. 

"The  most  powerful  respiratory  excitants  are  tea  and  sugar;  then  coffee,  rum,  milk, 
cocoa,  ales,  and  chiceory ;  then  casein  and  gluten,  and  lastly,  gelatin  and  albumen.  The 
ifflonnt  of  action  was  not  in  uniform  proportion  to  their  quantity.  Compound  aliments, 
ts  the  cereals,  containing  several  of  these  substances,  have  an  action  greater  than  that 
of  any  of  their  elements. 

"  Most  respiratory  excitants,  as  tea,  coffee,  gluten,  and  casein,  cause  an  increase  in 
ihe  evolution  of  carbon  greater  than  the  quantity  which  they  supply,  while  others,  as 
sngar,  supply  more  than  they  evolve  in  this  excess,  that  is,  above  the  basis.  No  sub- 
stance containing  a  large  amount  of  carbon  evolves  more  than  a  small  portion  of  that 
carbon  in  the  temporary  action  occurring  above  the  basis-line,  and  hence  a  large  portion 
remsins  unaccounted  for  by  these  experiments.^' 

The  comparative  observations  of  Dr.  Smith  upon  the  four  persons  who  were  the  sub- 
jects of  experiment  demonstrated  one  very  important  fact ;  namely,  that  the  action  of 
different  kinds  of  food  upon  respiration  is  modified  by  idiosyncrasies  and  the  tastes  of 
Afferent  individuals.  For  example,  in  experiments  on  his  own  person,  certain  articles 
which  were  agreeable  to  him  excited  the  exhalation  of  carbonic  acid ;  but  in  experi- 
menting with  the  same  articles  upon  Mr.  Moul,  to  whom  they  were  distasteful,  he  found 
the  respiratory  action  diminished. 

Quite  a  number  of  observers  have  noted  the  influence  of  alcohol  upon  the  products 
of  respiration ;  but  the  results  of  experiments  have  not  been  entirely  uniform.  Prout 
observed  a  constant  diminution  in  the  quantity  of  carbonic  acid  exhaled,  under  the  in- 
loeoce  of  alcohoL  This  has  been  confirmed  by  the  observations  of  Horn,  Vierordt,  and 
many  others ;  but  Hervier  and  Saint-Lager  assert  that  the  use  of  alcohol  increases  the 
exhalation  of  carbonic  acid.  In  the  experiments  of  Prout,  a  small  quantity  of  wine  taken 
fasting  caused  the  proportion  of  carbonic  acid  in  the  expired  air  to  fall  immediately 
frr»m  4  to  8  parts  per  100.  During  the  four  hours  following,  it  oscillated  between  8*40, 
3*10,  and  8.  The  administration  of  a  second  dose,  followed  by  some  symptoms  of  in- 
toxication, diminished  the  proportion  to  2*70  per  100.  Dr.  Fvfc,  of  Edinburgh,  showed 
that  the  depressing  effects  of  an  alcoholic  excess  were  continued  into  the  following  day. 
Dr.  Fyfe  also  noted  a  fact,  important  in  this  connection,  namely,  that  the  prolonged  use 
of  nitric  acid  and  the  condition  of  the  system  induced  by  the  administration  of  mer- 
curials were  attended  with  a  considerable  diminution  in  the  daily  amount  of  carbonic 
acid  exhaled  by  the  lungs.  In  addition,  Prout  demonstrated  that  the  exhalation  of  car- 
bonic acid  was  diminished  by  the  use  of  a  concentrated  infusion  of  tea,  and  Ilorn  noted 
the  same  effect  attending  slight  narcotism  produced  by  smoking  tobacco. 

The  observations  of  Dr.  Smith,  which  were  all  made  fasting,  show  a  certain  variation 
in  the  effects  of  different  alcoholic  beverages.     His  results  are  briefly  the  following : 

"  Brandy,  whiskey,  and  gin,  and  particularly  the  latter,  almost  always  lessened  the 
respiratory  changes  recorded,  while  rum  as  commonly  increased  them.  Rum-and-milk 
had  a  very  pronounced  and  persistent  action,  and  there  was  no  effect  on  the  sensorium. 
Ale  and  porter  always  increased  them,  while  sherry  wine  lessoned  the  quantity  of  air 
inspired,  bat  slicrhtly  increased  the  carbonic  acid  evolved. 

"The  volatile  elements  of  alcohol,  gin,  rum,  sherry,  and  port- wine,  when  inhaled, 
I:-«4ened  the  quantity  of  carbonic  acid  exhaled,  and  usually  lessened  the  quantity  of  air 
inhaled.  The  effect  of  fine  old  port-wine  was  very  decided  and  uniform;  and  it  is 
tu'^wn  that  wines  and  spirits  improve  in  aroma  and  become  weaker  in  alcohol  by  age. 
The  excito-respiratory  action  of  rum  is  probably  not  due  to  its  volatile  elements." 
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From  these  facts,  it  woald  seem  that  the  most  constant  effect  of  alcohol  and  of  alcoholic 
liquors,  snch  as  wines  and  spirits,  is  to  diminish  the  exhalation  of  carbonic  acid.  This 
effect  is  almost  instantaneous,  when  the  articles  are  taken  into  the  stomach  fasting;  and 
when  taken  with  the  meals,  the  increase  in  carbonic  acid  which  habitaally  accompanies 
the  process  of  digestion  is  materially  lessened.  Bum,  which  Dr.  Smith  found  to  be  a 
respiratory  excitant,  is  an  exception  to  this  rule.  Malt  liquors  seem  to  increase  the  ex- 
halation of  carbonic  acid.  With  regard  to  alcohol  itself.  Dr.  Smith  says :  "  The  action 
of  pure  alcohol  was  much  more  to  increase  than  to  lessen  the  respiratory  changes,  and 
sometimes  the  former  effect  was  well  pronounced." 

Regarding  as  one  of  the  great  sources  of  carbonic  acid  the  development  of  this  prin- 
ciple in  the  tissues,  whence  it  is  taken  up  by  the  blood.  Dr.  Smith  attributes  the  gratefnl 
and  soothing  influence  of  tea,  coffee,  eau  Bucree,  and  the  other  beverages  which  he  classes 
as  respiratory  excitants,  to  their  action  in  facilitating  the  removal  of  this  principle  from 
the  system.  The  presence  of  carbonic  acid  in  the  tissues  and  in  the  blood  produces  a 
sense  of  malaise,  or  depression,  which  we  should  suppose  would  be  relieved  by  any  thing 
which  facilitates  its  elimination.  It  is  undoubtedly  this  indefinite  sense  of  discomfort 
which  induces  the  act  of  sighing,  by  which  the  air  in  the  lungs  is  more  effectually  reno- 
vated. This  view  is  sustained  by  the  fact  that  intellectual  fatigue  and  mental  emotions 
diminish  the  exhalation  of  carbonic  acid.  Apjohn  cites  an  instance  in  which  the  pro- 
portion of  carbonic  acid  in  the  expirations  was  reduced  to  2*9  parts  per  100  under  the 
influence  of  mentiil  depression. 

We  have  already  alluded  to  the  modification  in  the  exhalation  of  carbonic  acid  pro- 
duced by  tobacco. 

Influence  of  Sleep. — All  who  have  directed  attention  to  the  influence  of  sleep  upon 
tlie  respiratory  i)roduct8  have  noted  a  marked  diminution  in  the  exhalation  of  carbonic 
acid ;  but  wo  again  recur  to  the  experiments  of  Dr.  Smith  for  exact  information  on  this 
point.  Dr.  Smith  estimated  the  quantity  of  carbonic  acid  exhaled  during  six  hours  of 
sleep,  at  night,  at  4,126  cubic  inches.  According  to  this  observer,  the  quantity  daring 
the  night  is  to  the  quantity  during  the  day,  in  complete  repose,  as  ten  is  to  eighteen. 
During  a  light  sleep,  the  exhalation  was  1032,  and  during  profound  sleep,  9*62  cubic 
inches  per  minute. 

We  have  alluded  to  the  great  diminution  in  the  quantity  of  oxygen  consumed  in  hiber- 
nating animals  while  in  a  torpid  condition.  Regnault  and  Reiset  found  that  a  marmot 
in  hibernation  consumed  only  ^^^  of  the  oxygen  which  he  used  in  his  active  condition. 
In  the  same  aninial  they  noted  an  exhalation  of  carbonic  acid  equal  to  but  little  more 
than  half  tlie  weight  of  oxygen  absorbed ;  so  tliat  in  this  condition  the  diminution  in  the 
exhalation  of  carbonic  acid  is  i)roportionately  even  greater  than  in  the  consumption  of 
oxygen. 

Influence  of  Mmcnlar  Activity, — Nearly  all  observers  arc  agreed  that  there  is  a  con- 
siderable increase  in  the  exhalation  of  carbonic  acid  during  and  immediately  following 
muscular  exercise.  In  insects,  Mr.  Newport  has  found  that  a  greater  quantity  is  some- 
times exhaled  in  an  hour  of  violent  agitation  than  in  twenty-four  hours  of  repose.  In  a 
drone,  the  exhalation  in  twenty-four  hours  was  0*80  of  a  cubic  inch,  and  during  vio- 
lent muscular  exertion  the  exhalation  in  one  hour  was  0'34.  Lavoisier  recognized  the 
great  influence  of  muscular  activity  upon  the  respiratory  changes.  In  treating  of  the 
consnm])tion  of  oxygen,  we  have  quoted  his  observations  on  the  relative  quantities  of  air 
vitiated  in  repose  and  activity. 

Vierordt,  in  a  number  of  observations  on  the  human  subject,  ascertained  that  moder- 
ate exercise  increased  the  average  quantity  of  air  res])ired  per  minute  by  nearly  nineteen 
cubic  inches,  and  that  there  was  an  increase  of  1*197  cubic  inch  per  minute  in  the  ab- 
solute (juantity  of  carbonic  acid  exhaled. 

The  following  results  of  the  experiments  of  Dr.  Edward  Smith  on  the  influence  of 
exercise  are  very  definite  and  satisfactory : 
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In  walking  at  the  rate  of  two  miles  an  hour,  the  exhalation  of  carbonic  acid  during 
one  hour  was  equal  to  the  quantity  produced  during  1^  hour  of  repose  with  food,  and  2^ 
hoars  of  repose  without  food. 

Walking  at  the  rate  of  three  miles  per  hour,  one  hour  was  equal  to  2}  hours  with, 
and  3|  hours  without  food. 

One  hour's  labor  at  the  tread-wheel,  while  actually  working  the  wheel,  was  equal  to 
4}  hoars  of  rest  with  food,  and  6  hours  without  food. 

The  Tarious  observers  we  have  cited  have  remarked  that,  when  muscular  exertion  is 
carried  so  far  as  to  produce  great  fatigue  and  exhaustion,  the  exhalation  of  carbonic  acid 
is  notably  diminished. 

Influence  of  Moisture  and  Temperature. — Lehmann  has  shown  that  the  exhalation  of 
carbonic  acid  is  much  greater  iu  a  moist  than  in  a  dry  atmosphere.  This  conclusion 
was  the  result  of  a  number  of  experimeuts  on  birds  and  animals  confined  in  air  at  differ- 
ent temperatures  and  different  degrees  of  moisture.  Ho  found  that  85i  oz.  av.  weight  of 
rabbits,  at  a  temperature  of  about  100*^  Fahr.,  exhaled  during  an  hour  before  noon,  in  a 
dry  air,  about  15  cubic  inches  of  carbonic  acid ;  while,  in  a  moist  air  at  the  same  tempera- 
ture, the  exhalation  was  about  22  cubic  inches. 

Disregarding  observations  on  the  influence  of  temperature  in  cold-blooded  animals  as 
inappljcable  to  the  human  subject,  it  has  been  ascertained  that  the  exhalation  of  carbonic 
add  is  mnch  greater  at  low  than  at  high  temperatures,  within  the  limits  of  heat  and  cold 
that  are  easily  borne  by  the  human  subject;  thus  following  the  rule  which  governs  the 
oonsamptlon  of  oxygen. 

The  experiments  of  Vierordt  on  the  human  subject  show  that  there  is  an  increase  in 
the  exhalation  of  carbonic  acid  of  about  one-sixth,  under  the  influence  of  a  moderate 
diminution  in  temperature.  In  these  observations,  the  low  temperatures  ranged  between 
tiy  and  69**,  and  the  high  temperatures  between  60*5°  and  75*5®  Fahr.  He  found  the 
qoantity  of  air  taken  into  the  lungs  slightly  increased  at  low  temperatures.  The  abso- 
lute quantity  of  carbonic  acid  exhaled  per  minute  was  18*27  cubic  inches  for  the  low 
temperatures,  and  15*73  cubic  inches  for  the  high  temperatures. 

Influence  of  the  Season  of  the  Year. — It  has  been  pretty  well  established  by  the  re- 
searches of  Dr.  Smith,  that  spring  is  the  season  of  the  greatest,  and  fall  the  season  of 
the  least  activity  of  the  respiratory  function. 

The  months  of  maximum  are :  January,  February,  March,  and  April. 

The  months  of  minimum  are:  July,  August,  and  a  part  of  September. 

The  months  of  decrease  are :  June  and  July. 

The  months  of  increase  are :  October,  November,  and  December. 

W.  F.  Edwards,  in  1819,  showed  in  a  marked  manner  the  influence  of  the  seasons 
iipon  the  respiratory  phenomena  in  birds.  In  a  series  of  very  curious  observations,  which 
he  repeatedly  verified,  it  was  demonstrated  that  the  increase  in  the  activity  of  respiration 
daring  the  winter  was  to  a  certain  extent  independent  of  the  immediate  influence  of  the 
sarrounding  temperature.  In  the  month  of  January,  he  confined  six  yellow-hammers  in 
t  receiver  containing  71*4  cubic  inches  of  air,  carrying  the  temperature  from  69°  to  70° 
Fahr.  The  mean  duration  of  their  life  was  62  minutes  25  seconds.  In  the  months  of 
Augost  and  September,  he  repeated  the  experiment  on  thirteen  birds  of  the  same  species. 
It  the  same  temperature.  The  mean  duration  of  life  was  82  minutes.  These  experiments 
have  an  important  bearing  on  our  views  concerning  the  essential  nature  of  the  respira- 
!orr  function.  They  seem  to  indicate  that  the  respiratory  processes  are  intimately  con- 
aeoted  with  nutrition.  Like  the  other  nutritive  phenomena,  they  undoubtedly  vary  at 
tlifferent  seasons  of  the  year  and  are  to  a  certain  extent  independent  of  sudden  and 
transitory  conditions.  During  the  winter,  more  air  is  habitually  used  than  in  summer, 
and  the  respiratory  processes  cannot  be  immediately  brought  down  to  the  summer 
^ndard  by  a  mere  elevation  of  temperature. 

Observations  on  the  influence  of  barometric  pressure  are  not  sufficiently  definite  in 
their  results  to  warrant  any  exact  conclusions. 
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Some  physiologists  have  attempted  to  fix  certain  hours  of  the  day  when  the  exhalation 
of  carhonic  acid  is  at  its  maximum  or  at  its  minimum ;  bnt  the  respiratory  activity  ia 
influenced  by  such  a  variety  of  conditions,  that  it  is  impossible  to  do  this  with  any  degree 
of  accuracy. 

delations  between  the   Quantity  of  Oxygen  consumed  and  the  Quantity  of 

Carbonic  Acid  exhaled, 

'  Oxygen  unites  with  carbon  in  certain  proportions  to  form  carbonic-acid  gas,  the  vol- 
ume of  which  is  precisely  equal  to  the  volume  of  the  oxygen  which  enters  into  its  com- 
position. In  studying  the  relations  of  the  volumes  of  these  gases  in  respiration,  we  have 
a  guide  in  the  comparison  of  the  volumes  of  the  inspired  and  expired  air.  It  is  now 
generally  recognized  that  the  volume  of  air  expired  is  less,  at  an  equal  temperature,  than 
the  volume  of  air  inspired.  Assuming,  then,  that  the  changes  in  the  expired  air,  as  re- 
gards nitrogen  and  all  gases  except  oxygen  or  carbonic  acid,  are  insignificant^  it  must  be 
admitted  that  a  certain  quantity  of  tlie  oxygen  consumed  by  the  economy  is  unaccounted 
for  by  the  oxygen  which  enters  into  the  composition  of  the  carbonic  acid  exhaled.  We 
have  already  noted  that  from  ^V  ^^  3*o»  or  about  1*4  to  2  per  cent,  of  the  inspired  air  ia 
lost  in  the  lungs ;  or  it  may  be  stated,  in  general  terms,  that  the  oxygen  absorbed  is  equal 
to  about  five  per  cent,  of  the  volume  of  air  inspired,  and  the  carbonic  acid  exhaled,  only 
about  four  per  cent.  A  certain  amount  of  the  deficiency  in  volume  of  the  expired  air  is 
to  be  accounted  for,  then,  by  a  deficiency  in  the  exhalation  of  carbonic  acid. 

The  experiments  of  Regnault  and  Reiset,  to  which  frequent  reference  has  been  made, 
have  a  most  important  bearing  on  the  question  under  consideration.  As  these  observers 
were  able  to  accurately  measure  the  entire  quantities  of  oxygen  consumed  and  carbonio 
acid  produced  in  a  given  time,  the  relation  between  the  two  gases  was  kept  constantly  in 
view.  They  found  great  variations  in  this  relation,  mainly  dependent  upon  the  regimen 
of  the  animal.  The  total  loss  of  oxygen  was  found  to  bo  much  greater  in  carnivorous 
than  in  herbivorous  animals ;  and,  in  animals  that  could  be  subjected  to  a  mixed  diet,  by 
regulating  the  food,  this  was  made  to  vary  between  the  two  extremes.  The  mean  of 
seven  experiments  on  dogs  showed  that,  for  every  1,000  parts  of  oxygen  consumed,  746 
parts  were  exhaled  in  the  form  of  carbonic  acid.  In  six  experiments  on  rabbits,  the 
mean  was  919  for  every  1,000  parts  of  oxygen. 

In  animals  fed  on  grains,  the  proportion  of  carbonic  acid  exhaled  was  greatest,  some- 
times passing  a  little  beyond  the  volume  of  oxygen  consumed. 

"The  relation  is  nearly  constant  for  animals  of  the  same  species  which  are  subjected 
to  a  perfectly  uniform  alimentation,  as  is  easy  to  realize  as  regards  dogs ;  but  it  varies 
notably  in  animals  of  the  same  species,  and  in  the  same  animal,  submitted  to  the  same 
regimen,  but  in  which  we  cannot  regulate  the  alimentation,  as  in  fowls." 

When  herbivorous  animals  were  entirely  deprived  of  food,  the  relation  between  the 
gases  was  the  same  as  in  carnivorous  animals. 

The  final  result  of  the  experiments  of  Regnault  and  Reiset  was,  that  the  "  relation 
between  the  oxygen  contained  in  the  carbonic  acid  and  the  total  oxygen  consumed,  varies, 
in  the  same  animal,  from  0*G2  to  1*04,  according  to  the  regimen  to  which  it  is  subjected.** 
These  observations  on  animals  have  been  confirmed  in  the  human  subject  by  M.  Doydre, 
who  found  a  great  variation  in  the  relations  of  the  two  gases  in  respiration ;  the  volume 
of  carbonic  acid  exhaled  varying  between  1*087  and  0*802  for  1  part  of  oxygen  consumed. 

The  destination  of  the  oxygen  which  is  not  represented  in  the  carbonic  acid  exhaled 
is  obscure.  Some  have  thought  that  it  unites  with  hydrogen  to  form  water;  but  there  is 
no  satisfactory  evidence  of  the  fonnation  of  water  in  the  economy,  and  researches  have 
failed  to  show  that  there  is  more  thrown  otF  from  the  body  than  is  taken  in  with  food  and 
drink. 

The  variations  in  the  relative  volumes  of  oxygen  consumed  and  carbonic  acid  produced 
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m  reiplrtlloii  are  not  favorable  to  tbe  hypotbesk  tbat  ibo  carbonic  acid  b  the  result  of  a 
diivct  »ctioD  of  oxjgen  upon  eiu-bonaeeoas  matters.  We  sbould  hanlly  oxpect  a  definite 
relatjoii  to  exist  between  tbeae  two  gases  Id  respiration,  wben  we  find  c/irbonic  acid  ex- 
baled  in  tbe  absence  of  oxygen. 

Many  of  tbe  points  which  we  have  considered  with  relation  to  the  variations  in  the 
ion  of  carbomc  add  have  been  inve^^tigated  by  esi»erimenti5  in  Pottenkofer'^  chom- 
l»nand  tbe  results  very  nearly  correspond  with  the  observations  of  Scharling,  Smith,  and 
others  wbicb  we  have  quoted. 

S^rcem  of  Carbonic  Acid  in  the  Expired  ilir.— All  the  carbonic  acid  in  tbe  expired 
ifr  domes  iVom  the  venoas  blood,  where  it  exists  in  two  forms;  in  a  free  Btate  in  simple 
Mi^vtion,  or  at  leai^t  in  a  state  of  very  feeble  combination,  and  in  union  with  bascfli  form- 
injf  the  carbonates  and  bicarbonates.  That  which  exists  in  solution  in  the  blood  is  simply 
rih.ale4*  Tbe  alkaline  carbonates  and  bicarljonates  of  the  bloody  coming  to  the  Inngs, 
meet  with  pnenmic  acid  (discovered  by  Verdeil  in  1851)»  and  are  decoinposod,  giving  riiio 
Xi\  i  6irther  evolution  of  gas.  It  is  pnoumic  acid  which  gives  the  constant  acid  reaction 
to  tbe  tissue  of  the  lungs.  This  principle  is  found  in  tiie  pulmonary  parenchyma  at  all 
pvitMU  of  life,  from  which  it  may  be  extracted  by  the  proper  manipulations  and  ohtuined 
b  •  cfystalUno  form.  Its  quantity  is  not  very  great.  The  lungs  of  a  female  who  suffered 
«l<alb  by  decapitation  contained  about  0'77  of  a  grain, 

Tbe  action  of  pneumio  acid  upon  the  bicarbonates  in  the  blood  has  been  illustrated 
m  t  marked  manner  by  Bernard,  Wben  bicarbonate  of  soda  is  iryected  into  the  jugular 
nf  ft  liiring  animal,  a  rabbity  for  example,  it  is  decomposed  as  fast  a^  it  gets  to  the  lungs, 
■ail  carbonic  acid  is  evolved.  This  experiment  produces  no  inconvenience  to  the  animal 
vltvli  tbe  bicarbonate  is  introduced  slowly ;  but,  when  it  is  injected  in  large  quantity, 
tb«  erolution  of  gas  in  the  lungs  is  so  great  as  to  tiJl  the  pulmonary  structure  and  even 
ll^  beori  and  great  viMSels,  and  death  is  the  result. 


Ezhalnti^n  qf  Watery  Yapar^—^lh^  fact  that  the  expired  air  contains  a  considerabl© 
ijuantUy  of  watery  vapor  has  long  been  recognized;  and  moat  of  tbe  earlier  experimenters 
wlio  directed  their  attention  to  tbe  phenomena  of  respiration  made  the  estimation  of  tho 
qiiaDlity  exhaled,  and  the  laws  which  regulate  pulmonary  transpiration,  the  subject  of 
^^JBfealigation,     It  is  evident  that  there  must  be  many  circumstances  materially  influencing 

I  process,  such  as  the  hygrometric  condition  of  the  atmosphere,  temperature,  extent 
flf  respiratory  surface,  etc.,  which  are  of  sufficient  importance  to  demand  special  con- 
lidermtion.  In  many  points  of  view,  also,  it  is  interesting  to  know  the  absolute  quantity 
of  i^eoos  exhalation  from  the  lungs^ 

When  the  surrounding  atmosphere  has  a  temperature  below  40*  or  43°  Fahr.,  a  distinct 
dflod  is  produced  by  the  condensarion  of  tlie  vaj>or  of  tbe  breath.  By  breathing  upon 
4Dy  polished  surface,  it  is  momentarily  tarnished  by  the  condense*!  moisture.  Although  the 
fiirt  that  watery  vapor  is  contained  in  the  breath  is  thus  easily  demonstrated,  the  estimation 
of  it»il)aolute  quantity  presents  difficulties  which  were  not  overcome  by  the  older  pbysi- 
id0|||gtf.  With  tbe  present  improved  methods  of  analysis,  however,  tliere  are  many  very 
icctirnte  means  of  estimating  watery  vapor.  One  method  is  by  the  use  of  Liebig's  bulbs 
^lk«d  with  sulphuric  acid,  or  tubes  filled  with  cliloride  of  calcium,  both  of  which  aub- 
ctaBcea  have  a  great  avidity  for  water.  From  a  large  number  of  observations  on  his  own 
pewoti  and  eight  others,  collecting  the  water  by  sulphnrio  acid,  Valentin  made  the  fol- 
lowing estimate  of  the  weight  of  water  exhaled  from  the  lungs  in  twenty-four  hours  r 

In  bis  own  person,  tbe  exhalation  in  twenty-four  hours  was  6,056  grains. 

hi  a  young  roan  of  small  size,  the  quantity  ivas  5,042  grains. 

In  a  student  rather  above  the  ordinary  height,  the  quantity  was  11,030  grains. 

The  mean  of  his  observations  gave  a  daily  exhalation  of  8,333  grains,  or  about  l\ 
lb.  IV. 
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The  extent  of  respiratory  surface  has  a  very  marked  iDflaence  on  the  quantity  of 
watery  vapor  exhaled.  This  fact  is  very  well  shown  hy  a  comparison  of  the  exhalation 
in  the  adult  and  in  old  age,  when  the  extent  of  respiratory  surface  is  much  diminished- 
Barral  found  the  exhalation  in  an  old  man  less  than  half  that  of  the  adult.  It  is  evident 
tliat  the  absolute  quantity  of  vapor  exhaled  is  increased  when  respiration  is  accelerated. 
Tlie  quantity  of  water  in  the  blood  also  exerts  an  important  influence.  Valentin  found 
that  the  pulmonary  transpiration  was  more  than  doubled  in  a  man  inmiediately  after 
drinking  a  large  quantity  of  water. 

The  vapor  in  the  expired  air  is  derived  from  the  entire  surface  which  is  traversed  in 
respiration,  and  not  exclusively  from  the  air-cells.  The  air  which  passes  into  the  lungs 
derives  a  certain  amount  of  moisture  from  the  mouth,  nares,  and  trachea.  The  great  vaa- 
cularity  of  the  mucous  membranes  in  these  situations  as  weU  as  of  the  air-cells,  and  the 
great  number  of  mucous  glands  which  they  contain,  serve  to  keep  the  respiratory  sur- 
faces constantly  moist.  This  is  important,  for  only  moist  membranes  allow  the  free 
passage  of  gases,  which  is  of  course  essential  to  the  process  of  respiration. 

Exhalation  of  Ammonia^  Organic  Matter^  etc, — Ammonia  has  long  been  recognized 
as  an  exhalation  from  the  human  body  in  health,  from  the  skin  as  well  as  the  lungs.  Dr. 
Richardson  calls  attention,  in  his  essay  on  the  "  Coagulation  of  the  Blood,"  to  the  obser- 
vations of  Mr.  Reade,  Dr.  Reuling,  Viale  and  Latini,  and  others,  on  this  point.  Reuling 
has  shown  that  the  (quantity  of  ammonia  in  the  expired  air  is  increased  in  certain  diseases, 
particnlarly  in  uroemia.  Its  characters  in  the  expired  air  are  frequently  so  marked,  that 
patients  who  are  entirely  unacquainted  with  the  pathology  of  uraemia  sometimes  recog- 
nize an  ammoniacal  odor  in  their  own  breath. 

Tlie  pulmonary  surface  exhales  a  small  quantity  of  organic  matter.  ITiis  has  never 
been  collected  in  sufficient  quantity  to  enable  us  to  recognize  in  it  any  peculiar  or  dia- 
tinctive  properties,  but  its  presence  may  be  demonstrated  by  the  fact  that  a  sponge  com- 
pletely saturated  with  the  exhalations  from  the  lungs,  or  the  vapor  from  the  lungs 
condensed  in  a  glass  vessel,  will  undergo  putrefaction,  which  is  a  proi)erty  dibtinctive 
of  organic  substances. 

It  is  well  known  that  certain  substances  which  are  only  occasionally  found  in  the 
blood  may  be  eliminated  by  the  lungs.  Certain  odorous  principles  in  the  breath  are 
pretty  constant  in  those  who  take  liquors  habitually  in  considerable  quantity.  The  odor 
of  garlics,  onions,  turpentine,  and  many  other  princii)les  which  are  taken  into  the  stom- 
ach, may  be  recognized  in  the  expired  air. 

The  action  of  the  lungs  in  the  elimination  of  certain  gases,  which  are  poisonous  in 
very  small  quantities  when  they  are  absorbed  in  the  lungs  and  carried  to  the  general 
system  in  the  arterial  blood,  is  very  well  shown  by  the  experiments  of  Bernard.  Sulphu- 
retted hydrogen,  wliich  produces  death  in  a  bird  when  it  exists  in  the  atmosphere  in  the 
proportion  of  one  to  eight  hundred,  may  be  taken  in  solution  into  the  stomach  with 
impunity  and  even  be  injected  into  the  venous  system ;  in  both  instances  being  elimi- 
nated by  the  lungs  with  great  promptness  and  rapidity.  The  lungs,  while  they  present 
an  immense  and  rapidly  absorbing  surface  for  volatile  poisonous  substances,  are  capable 
of  relieving  the  system  of  some  of  these  substances  by  exhalation  when  they  find  their 
way  into  the  veins. 

Exhalation  of  Nitrogen, — The  most  accurate  direct  experiments,  particularly  those  of 
Regnault  and  Reiset,  show  that  the  exhalation  of  a  small  quantity  of  nitrogen  is  a  pretty 
constant  respiratory  phenomenon.  From  a  large  number  of  experiments  on  dogs,  rabbits, 
fowls,  and  birds,  these  observers  came  to  the  conclusion  that,  when  animals  are  subjected 
to  their  habitual  regimen,  they  exhale  a  quantity  of  nitrogen  equal  in  weight  to  from  yj-^ 
to  3V  ^^  ^^^^  weight  of  oxygen  consumed.  In  birds,  during  inanition,  they  sometimes 
observed  an  absorption  of  nitrogen,  but  this  was  rarely  seen  in  mammals.     Boussingault, 
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cstiniAtmg  the  nitrogen  taken  into  the  bodj  and  comparing  it  with  the  entire  quantity 
discharged,  arrived  at  the  same  results  in  experiments  upon  a  cow.  Barral,  bj  the  same 
m^hod,  confirmed  these  observations  bj  experiments  on  the  haman  subject.  Notwitli- 
fitanding  the  conflicting  testimony  of  the  older  physiologists,  there  can  now  be  no  doubt 
that,  under  ordinary  physiological  conditions,  there  is  an  exhalation  by  the  lungs  of  a 
small  quantity  of  nitrogen. 

Changes  of  the  Blood  in  Hespiration  {Jlcematosis). 

It  18  to  be  expected  that  the  blood,  receiving,  on  the  one  hand,  all  the  products  of 
d^estion,  and,  on  the  other,  the  products  of  disassimilation  or  decay  of  tlie  tissues,  con- 
nected with  the  lymphatic  system,. and  exposed  to  the  action  of  the  air  in  the  lungs, 
diould  present  important  differences  in  composition  in  different  parts  of  the  vascular 
iTstem. 

In  the  first  place,  there  is  a  marked  difference  in  color,  composition,  and  properties, 
between  the  blood  in  the  arteries  and  in  the  veins ;  the  change  from  venous  to  arterial 
blood  being  effected  almost  instantaneously  in  its  passage  through  the  lungs.  Tlie  blood 
which  goes  to  the  lungs  is  a  mixture  of  the  fluid  collected  from  all  parts  of  the  body ;  and 
ve  have  seen  that  it  presents  great  differences  in  its  composition  in  different  parts  of  the 
Tenons  system.  In  some  veins  it  is  almost  black,  and  in  some,  nearly  as  red  as  in  the 
arteries.  In  the  hepatic  vein  it  contains  sugar,  and  its  nltrogenized  constituents  and  cor- 
poMles  are  diminished ;  in  the  portal  vein,  during  digestion,  it  contains  materials  absorbed 
from  the  alimentary  canal ;  and,  finally,  there  is  every  reason  to  suppose  that  parts  which 
require  different  materials  for  their  nutrition  and  produce  different  excrementitious  prin- 
Ofies  exert  different  influences  on  the  constitution  of  the  blood  which  passes  through 
dkun.  After  this  mixture  of  different  kinds  of  blood  has  been  collected  in  the  right  side 
of  the  heart  and  passed  through  the  lungs,  it  is  returned  to  the  left  side  and  sent  to  the 
rrstem,  thoroughly  changed  and  renovated,  and,  as  arterial  blood,  it  has  a  nearly  uniform 
eompodtion,  as  far  as  can  be  ascertained,  in  all  parts  of  the  system.  The  change,  there- 
fore, which  the  blood  undergoes  in  its  passage  through  the  lungs,  is  the  transformation 
of  the  mixture  of  venous  blood  from  all  parts  of  the  organism  into  a  fluid  of  uniform 
eluracter,  which  is  capable  of  nourishing  and  sustaining  the  function  of  every  tissue  and 
organ  of  the  body. 

The  capital  phenomena  of  resjaration,  as  regards  the  air  in  the  Inngs,  are  loss  of  oxygen 
tad  gain  of  carbonic  acid,  the  other  phenomena  being  accessory  and  comparatively  un- 
important. As  the  blood  is  capable  of  holding  gases  in  solution,  in  studying  the  essential 
dianges  which  this  fluid  undergoes  in  respiration,  we  look  for  them  in  connection  with 
the  proportions  of  oxygen  and  carbonic  acid  before  and  after  it  has  passed  through  the 
hmgs.    In  respiration,  the  most  marked  effect  on  the  venous  blood  is  change  in  color. 

Difference  in  Color  between  Arterial  and  Vcnoys  Blood. — TVe  have  already  considered 
this  in  treating  of  the  properties  of  the  blood,  and  shall  take  up  in  this  connection  only 
the  cause  of  the  remarkable  change  in  the  color  of  the  blood  in  the  lungs.  This  change 
is  instantaneous,  and,  long  before  the  discovery  of  oxygen  by  Priestley,  w  as  recognized 
by  Lower,  Goodwyn,  and  others,  as  due  to  tlie  action  of  the  air. 

The  influence  of  air  in  changing  the  color  of  venous  blood  may  be  noted  in  blood 
which  has  been  drawn  from  the  body,  as  is  exemplified  by  the  red  color  of  that  portion 
of  a  clot,  or  the  surface  of  defibrinated  venous  blood,  which  is.  exposed  to  the  air.  If  we 
cut  into  a  clot  of  venous  blood,  the  interior  is  almost  black,  but  it  becomes  red  on  ex- 
posDre  to  the  air  for  a  very  few  seconds. 

We  have  been  in  the  habit  of  illustrating  the  physiological  influence  of  the  air  on 
Tenons  blood  by  the  following  simple  experiment :  Removing  the  lungs  of  an  animal  (a 
dog)  just  killed,  the  nozzle  of  a  syringe  is  secured  in  the  pulmonary  artery  by  a  ligature, 
lod  a  canuia,  connected  with  a  rubber  tube  which  empties  into  a  gloss  vessel,  is  secured 
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in  the  pulmonary  vein.  Adapting  a  bellows  to  the  trachea,  we  imitate  the  process  of 
respiration ;  and,  if  defibrinated  venous  blood  bo  carefully  iigected  through  the  lungs,  it 
will  be  returned  by  the  pulmonary  vein,  presenting  the  bright-red  color  of  arterial  blood. 
"When  the  artificial  respiration  is  interrupted,  the  blood  passes  through  the  lungs  without 
change/  In  exposing  the  thoracic  organs  and  keeping  up  artificial  respiration,  repeating 
the  celebrated  experiment  of  Robert  Hook,  made  before  the  Royal  Society,  in  1664,  wo 
can  see,  through  the  thin  walls  of  the  auricles,  the  red  color  of  the  blood  on  the  left  side 
contrasting  with  the  dark  venous  blood  on  the  right. 

Since  the  discovery  of  oxygen,  it  has  been  ascertained  that  this  is  the  only  constituent 
of  the  air  whicb  is  capable  of  arterializing  the  blood.  Priestley  showed  that  venous  blood 
is  not  changed  in  color  by  nitrogen,  hydrogen,  or  carbonic  acid ;  while  all  these  gases, 
by  displacing  oxygen,  will  change  the  arterial  blood  from  red  to  black.' 

The  elements  of  the  blood  which  absorb  the  greater  part  of  the  oxygen  are  the  red 
corpuscles.  While  the  plasma  will  absorb,  perhaps,  twice  as  much  gas  as  pure  water,  it 
has  been  sliown  by  Magnus  and  by  Gay-Lussac  that  the  corpuscles  will  absorb  from  ten  to 
thirteen  times  as  much.  By  some  the  proportion  is  put  much  higher.  According  to  the 
late  researches  of  Fernet,  which  have  been  confirmed  by  Lothar  Meyer,  the  volume  of 
oxygen  fixed  by  the  corpuscles  is  about  twenty-five  times  that  which  is  dissolved  in  the 
plasma. 

Comparison  of  the  Gases  in  Venom  and  Arterial  Blood. — The  demonstration  of  the 
fact  that  free  oxygen  and  carbonic  acid  exist  in  the  blood,  with  a  knowledge  of  the  rela- 
tive proportion  of  these  gases  in  the  blood  before  and  after  its  passage  through  the  lungs, 
is  a  point  hardly  second  in  importance  to  the  relative  composition  of  the  air  before  and 
after  resj)iration.  The  idea  enunciated  by  Mayow,  about  two  hundred  years  ago,  that 
*'  there  is  something  in  the  air,  absolutely  necessary  to  life,  which  is  conveyed  into  the 
blood,"  except  that  the  vivifying  principle  is  not  named  or  its  other  properties  described, 
expresses  what  we  now  consider  one  of  the  great  objects  of  respiration.  This  is 
even  more  strictly  in  accordance  with  facts  than  the  idea  of  Lavoisier,  who  supposed 
that  all  the  chemical  processes  of  respiration  took  place  in  the  lungs.  Mayow  also  de- 
scribed the  evolution  of  gas  from  blood  placed  in  a  vacuum.  Many  observers  have  since 
succeeded  in  extraotinjr  gases  from  the  blood  by  various  processes.  Sir  Humpliry  Davy 
induced  the  evolution  of  carbonic  acid  by  raising  arterial  blood  to  the  temperature  of  200* 
Fahr.,  and  venous  blood  to  a  temperature  of  112°;  Stevens  and  others  disengaged  gas 
by  displacement  with  hydrogen,  nitrogen,  or  the  ordinary  atmosphere;  but,  notwith- 
standing this  before  the  experiments  of  Magnus,  in  1837,  many  denied  the  existence  in 
the  blood  of  any  free  gas  whatsoever. 

Analysis  of  the  Blood  for  Gases. — There  were  certain  grave  sources  of  error  in  the 
method  employed  by  Magnus,  which  render  his  observations  of  little  value,  except  as 
demonstrating  that  oxygen,  carbonic  acid,  and  nitrogen  may  be  extracted  by  the  air- 
pump  from  both  arterial  and  venous  blood.  The  only  source  of  error  in  the  results 
which  he  fully  recognized  lay  in  the  difiiculty  in  extracting  the  entire  quantity  of  gas  in 
solution  ;  but  a  careful  study  of  his  essay  shows  another  element  of  inaccuracy  which  is 
even  more  important.     The  relative  (juantities  of  oxygen  and  carbonic  acid  in  any  single 

'  This  «lom«)nstration  is  vory  strikinp,  especially  if  wo  uso  a  syrinR'e  with  a  double  nozzle,  one  point  fecored  in  tlui 
pulmon.iry  artery,  and  tlie  oth«T  simply  carryinff  tht*  blood  by  a  nibber  tube  Into  a  plass  ve.«sel.  Receiving  the  blood 
which  parses  throucrh  the  lunt^g  and  that  which  simply  passes  through  the  tube,  into  two  tall  glass  Tessels,  the  one 
is  of  a  bright  red.  and  the  other  retains  its  dark  color.  In  i)n'pftriup  for  the  experiment  It  is  necessary,  immedUtelj 
after  removing  the  lunps  from  the  animaL  to  inject  them  with  a  little  doflbrinatt'd  bloo<l,  so  as  to  remove  the  coaga- 
latlnff  bl(M>d  from  the  pulmonary  capillaries,  whiih  would  otherwise  become  obstructed.  Tho  injection  shoald  be 
niHtic  ccntly  and  cnnlu.illy,  to  avoid  extravasatit  n.  Defibrinated  ox-blood  may  be  u.sed.  The  most  convenient  way 
to  secure  the  canula'  in  the  vessels  is  to  push  them  into  the  pulmonary  artery  through  the  right  ventricle,  and  Into 
tho  pulmonar}'  vein  thnnwjh  the  U>ft  auricle. 

'  Carbonic  oxido  and  nitrous  oxide  have  a  8tn»ng  affinity  for  the  blood -corpuscles  and  become  fixed  In  them,  the 
former  triving  the  blood  a  vivid  re<l  color.  Sugar  and  many  salts  will  also  redden  venous  blood.  These  agents,  how- 
ever,  do  not  impart  the  physiological  properties  of  arterial  blood. 
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,  of  blood  present  grmt  vanations,  dependeot  upon  tho  length  of  time  that  the 
blood  has  be«rn  allowed  to  stimd  before  the  estimate  of  the  gases  is  made.  As  it  is  ini- 
pOMtUe  to  make  this  estimate  immediately  after  the  blood  ts  drawn^  on  account  of  the 
froth  produced  bj  agitation  with  a  goa  when  the  method  bj  displacement  is  employed, 
itid  the  bubbling  of  the  gas  when  extracted  by  the  air-t>ump,  this  objection  is  fatal.  It 
is  oaoesaary  to  wait  until  the  froth  has  snhsided  before  atteinpttug  to  make  an  accurate 
iitiniate  nf  the  rolumo  of  gas  given  oft*  The  follow  ing  obstrvation  of  Magnus  illos* 
tntes  this  fiict.  The  obseri'ation  was  on  the  human  blood,  six  hours  after  it  had  been 
thoroughly  mixed  with  hydrogen  : 


} 


stood  qf  Man, 
|'077  cuUic  inches. 
8*660  *' 

8*838  " 


C<*rbonie  AcUL 
•013  cubic  inched. 
0-781 
1-355 


After  twenty-four  hours,  at  the  end  of  which  time  tlie  blood  had  no  odor  r 


4 '07 7  cubic  inches* 

8650 

8833 


1*517  cubic  inches. 

1*456 

2-075 


The  e3tc<»«9  of  carhonic  acid  fotmd  twenty-four  hours  after  over  the  quantity  found 
t'a  hoars  alter,  in  the  first  and  third  specimens,  is  a  little  more  than  fifty  per  cent.,  while 
■  Ihd  aoeond  specimen  it  is  very  nearly  one  hundred  per  cent.  In  these  analyses,  the  pro- 
portioil  of  oiygen  is  not  ^ven.  The  question  niiturally  arises  as  to  tlje  source  of  the  car* 
boaie  acid  which  was  evolved  during  the  last  eighteen  hours  of  the  observation.  This  is 
ifMetit,  when  we  consider  one  of  the  important  properties  of  the  blood,  A  number  of 
pvn  ago,  Spallansani  demonjitrated  that,  in  common  with  other  parts  of  the  body^  fresh 
Iklood  removed  from  the  body  has^  of  it&elf,  the  property  of  consumiog  oxygen ;  and 
W.  F*  Edwards  has  shown  that  the  blood  w  ill  exhale  carbonic  acid.  In  1B50,  Harleyi 
of  inirenions  experiment?,  found  that  blood,  kept  in  contact  with  air  in  a 
tivtatel  for  twenty -four  hours,  consnined  oxygen  and  gave  off  carbonic  acid.  More 
"limUy,  Bernard  has  shown  that,  for  a  certain  time  after  the  blood  is  drawn  from  tho 
ftittli,  it  will  continue  to  consume  oxygen  and  exhale  carbonic  acid.  If  all  the  carbonic 
icid  be  Pwnovcd  from  a  specimen  of  blood  by  treating  it  with  hydrogen,  and  if  it  be 
allowed  to  stand  for  twenty-four  houriit,  another  portion  of  gas  can  be  removed  by  again 
imiiiiig  it  with  hydrogen,  and  still  another  quantity  by  treating  it  with  hydrogen  a  third 
IIdmu  From  these  facts  it  is  clear  that^  in  the  experiment  of  Magnus,  the  excess  of  car- 
boDie  acid  involved  a  post-mortem  consumption  of  oxygen  ;  and  no  analyses  made  in  the 

dtnary  way,  by  displacement  with  hydrogen  or  by  the  air-pump,  in  which  the  blood 

St  necessarily  be  allowed  to  remain  in  contact  with  oxygen  for  a  number  of  hours,  can 
be  accurate.  Tho  only  process  which  can  give  us  a  rigorous  estimate  of  the  relative  quan- 
titict  of  oxygen  and  carbonic  acid  in  the  blood  is  one  in  which  the  gases  can  be  esti- 
mated  without  allowing  the  blood  to  stand,  or  in  which  tho  formation  of  carbonic  acid 
in  the  specimen,  at  the  expense  of  the  oxygen,  is  prevented.  All  others  will  give  a  less 
qoantity  of  oxygen  and  a  greater  quantity  of  carbonic  acid  than  exists  in  the  blood  cir- 
dUating  in  the  vessels  or  immediately  after  it  is  drawn  from  the  body. 

A  solution  of  this  important  and  difficult  problem  in  the  analysis  of  the  blood  has  been 

ained  by  Bernard.  This  observer  made  a  great  number  of  experimenta  in  the  hope  of 
overing  some  means  by  which  the  post-mortem  consumption  of  oxygen  by  fbo  blood- 
aorpUfldes  conld  be  arrested.  He  found,  finally,  that  carbonic  oxide,  one  of  the  most  active 
cf  tbf?  poisonous  gases,  had  a  remarkable  affinity  for  the  blood-corpuscles.  When  taken 
ioto  the  lungs,  it  is  absorbed  by  and  becomes  fixed  in  the  corpuscles,  effectually  prevent- 
ing the  coQamoption  of  oxygen  and  the  production  of  carbonic  acid,  which  normally 
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takes  place  in  the  capillary  system  and  which  is  one  of  the  indispensable  oonditioiiB  of 
nutrition.  The  naeohanism  of  poisoning  by  the  inhalation  of  this  gas  is  by  its  fixation  in 
the  blood-corpuscles,  their  consequent  paralysis,  and  the  arrest  of  their  function  as  re- 
spiratory organs.  As  it  is  the  continuance  of  this  transformation  of  oxygen  into  carbonio 
acid,  after  the  blood  is  drawn  from  the  vessels,  which  interferes  with  the  ordinary  analy- 
sis of  the  blood  for  gases,  we  might  expect  to  extract  all  the  oxygen  if  we  could  imme- 
diately saturate  the  blood  with  carbonio  oxide.  The  preliminary  experiments  of  Ber- 
nard on  this  point  are  conclusive.  He  ascertained  that,  by  mixing  carbonic  oxide  in  suf- 
ficient quantity  with  a  specimen  of  fresh  arterial  blood,  in  about  two  hours,  aU  the  oxy- 
gen which  it  contained  was  displaced.  Introducing  a  second  quantity  of  carbonic  oxide 
after  two  hours,  and  leaving  it  in  contact  with  the  blood  for  an  hour,  a  quantity  of  oxy- 
gen was  removed  so  small  that  it  might  almost  be  disregarded.  A  third  experiment  on 
the  same  blood  failed  to  disengage  any  oxygen  or  carbonic  acid. 

The  view  entertained  by  Bernard  of  the  action  of  carbonic  oxide  in  displacing  the 
oxygen  of  the  blood  is,  that  the  former  gas  has  a  remarkable  affinity  for  the  blood-corpua- 
cles,  in  which  nearly  all  the  oxygen  is  contained,  and  when  brought  in  contact  with 
them  unites  with  the  organic  matter,  setting  free  the  oxygen,  in  the  same  way  that  the 
acid  entering  into  the  composition  of  a  salt  is  set  free  by  any  other  acid  which  has  a 
stronger  affinity  for  the  base.  There  is  every  reason  to  suppose  that  this  view  is  correct| 
as  carbonic  oxide  is  much  less  soluble  than  oxygen  and  as  it  has  the  property  of  dis- 
engaging this  gas  only  from  the  blood,  leaving  the  other  gases  still  in  solution. 

As  carbonic  oxide  displaces  the  oxygen  alone,  it  is  necessary  to  resort  to  some  other 
process,  in  addition  to  this,  to  disengage  the  other  gases  contained  in  the  blood.  It  is 
only  necessary  to  arrest  the  action  of  the  corpuscles  upon  the  oxygen,  and  then  the 
gases  may  be  set  free  by  the  air-pump  or  any  method  which  may  be  convenient.  The 
method  adopted  by  Lothar  Meyer,  Bernard,  Ludwig,  and  Gr^hant  for  the  disengagement 
of  all  the  gases  contained  in  the  blood  is  first  to  displace  the  oxygen  by  carbonic  oxide, 
using  about  two-thirds  of  gas  by  volume  to  one-third  of  blood,  then  to  attach  the  tube 
to  a  colunm  of  mercury  and  subject  the  blood  to  the  barometric  vacuum,  which  seta  free 
the  carbonic  acid  and  the  nitrogen.  The  results  obtained  by  this  method  correspond 
with  our  ideas  concerning  the  nature  of  the  respiratory  process ;  and  analyses  of  the 
blood  taken  at  different  periods  show  variations  in  the  quantities  of  oxygen  in  the  ar- 
terial, and  carbonic  acid  in  the  venous  blood,  corresponding  with  some  of  the  variations 
which  we  have  noted  in  the  loss  of  oxygen  and  gain  of  carbonic  acid  in  the  air  in  res- 
piration. 

In  drawing  the  blood  for  analysis,  Bernard  takes  the  fiuid  directly  from  the  vessels  by 
a  syringe  and  passes  it  under  mercury  into  a  tube,  in  such  a  way  that  it  does  not  come  in 
contact  witli  the  air.  In  this  tube,  which  is  graduated,  the  blood  is  brought  in  contact 
with  carbonic  oxide,  which  displaces  the  oxygen  from  the  corpuscles  and  prevents  the 
formation  of  carbonic  acid  at  the  expense  of  a  portion  of  the  oxygen.  The  tube  is  then 
connected  with  an  apparatus  by  which  the  atmospheric  pressure  is  removed.  In  this  way, 
nearly  all  the  gases  contained  in  tlie  blood  are  disengaged ;  but,  according  to  most  ob- 
servers, a  small  quantity  of  carbonic  acid  remains  in  the  blood  in  combination.  This  may 
bo  removed  by  the  introduction  into  the  apparatus  of  a  small  quantity  of  tartaric  acid. 
It  is  justly  remarked  by  Bert,  in  his  admirable  work  on  respiration,  that,  as  the  apps' 
ratus  for  the  exhaustion  of  air  has  been  made  more  and  more  nearly  perfect,  the  quantity 
of  carbonic  acid  in  combination  has  seemed  less  and  less.  By  far  the  greatest  quantity  oi 
the  excrementitious  carbonic  acid  in  the  blood  is  extracted  by  the  removal  of  atmospheric 
pressure  in  the  most  carefully-perfected  apparatus. 

The  analyses  of  Bernard,  who  obtained  from  fifteen  to  twenty  per  cent,  of  oxygen  in 
volume  from  the  arterial  blood,  show  the  great  imperfection  of  the  process  employed  by 
Magnus,  who  obtained  from  the  arterial  blood  of  horses  and  calves  a  mean  of  but  2*44 
per  cent,  of  oxygen.    It  does  not  seem  necessary,  therefore,  to  discuss  the  criticisms  of 
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i«mlts  obtained  by  HiLgnna  which  were  mtide  by  Gay-Lufisac  and  Magendio,  soon 
afltr  llldr  pablicadon^  and  more  recently  by  llitrley  imd  otliers/ 

Beraord'a  cixpermient&  were  made  chiefly  on  di>^'«  and  Lad  special  reference  to  tbo 

proportion  of  oxygen  in  the  blood.     In  two  specimens  tukon  from  a  dog  in  good  con- 

Atioo,  ft  fpecimen  of  arteria]  blood,  drawn  from  tbe  vessels  by  a  syringe  and  j»iit  in  oon- 

ttet  wilii  cftrbonic  oxide  without  being  exposed  to  the  air,  was  found  to  contain  18"2d 

eeuu,  and  a  gx^^^^iooen  of  venous  blood,  taken  in  the  same  way^  842  per  cent.,  in  vol- 

of  oxygen.    The  proportion  of  gases  in  the  blood  is  found  to  vary  very  considerably 

r  dilTerent  conditions  of  the  system,  particularly  with  reference  to  the  digestive 

The  following  are  the  general  results  of  later  observations,  showing  the  difler- 

ttd  and  Tunations  in  the  proportions  of  all  the  gases  in  arterial  and  venout»  blood, 

Arlvftftl  blood,  wliile  an  animal  is  fasting,  contains  from  nine  to  eleven  parts  per 

of  oxygen.     In  full  digestion^  the  proportion  is  raised  to  seventeen,  eighteen,  or 

tn^  rf^  per  hundred.     The  proportion  varies  in  didereut  animals,  being  much 

ple^  in  birds  than  in  manmials. 

Tlio  qQiinuty  of  carbonic  acid  h  even  more  variable  than  the  quantity  of  oxygen. 
Ptft5i!  •1T»^'st»on  there  are  from  five  to  six  parts  per  hundred  of  free  carbonic  acid  in  the 
ir  !»     During  the  intervals  of  digestion  this  quantity  is  reduced  to  almost  noth- 

tb£.  ^^.,  ..a<.rr  fasting  for  twenty-four  honrs",  frequently  not  a  trace  is  to  be  discovered.' 

Venous  blood  always  contains  a  large  quantity  of  carbonic  acid,  both  free  in  solution 
wl  oocnbined  with  base^.  This  quantity  varies  in  different  parts  of  the  venous  system 
ml  beftTB  A  relation  to  the  color  of  the  blood.  It  is  well  known  tlmt  the  venous  blood 
liimiiyg  from  suuie  glands  h  dark  during  the  intervals  of  secretion  and  nearly  as  red  as 
«1«rta]  biciod  during  their  functional  activity.     In  the  venous  blood  from  the  submax- 

If  gUnd  of  a  dug^  Bernard  found  18  07  per  cent,  of  carbonic  acid  during  repose  and 
t  per  cent,  during  secretion.  The  blood  coming  from  the  muscles  is  the  darkest  in 
lody  ftod  contains  the  greatest  quantity  of  free  carbonic  acid.  The  (juantity  of  free 
_ ...,  ..,:,|  ig  itnmenscly  Increased  in  the  venous  blood  during  digestion.  It  is  owing 
liAl  the  gas  then  exists  in  quantity  in  the  arterial  blood.  Bearing  in  mind 
1^ !  ri,£ii  the  :  ■  ".   ri  of  gases  in  the  arterial  and  venous  blood  varies  considerably 

^ufT  dir!Vr»«rit   r  .►f  the  system  and  that  it  is  especially  A*ariuble  in  the  blood 

n  qS  we  iHiiy  take  the  following,  which  we  quote  from  Bert,  as  tho  average 

iw£i»  L  \*y  the  muMt  recent  Cierman  observers: 


CO, 

CO, 

CO, 

N. 

Total  gas 

by  »  rftcimtu. 

In  combi- 
tuitloti. 

toUl. 

tn  Tohimo 
ptr  101), 

27-99 

115 

29-U 

I'OO 

45*77 

81 -27 

238 

83-65 

1-37 

48*19 

«ichfttihis«d.«  ism 

T«MiMood.«.     817 

**lf  we  now  examine  the  blood  coming  from  different  parts  of  the  body,  we  find  tliat 
^lilr«d  of  tlio  hepatic  veins  is  poorer  in  oxygen  and  richer  in  carbonic  acid  than  tbo 
plinl  vi*ODih(  bluod ;  that  the  blood  of  the  portal  vein  presents  the  same  characters  to 
i;  that  the  blood  of  the  mnscles  in  contraction  presents  the  siune  relations 
tcHD(«rod  Willi  the  blood  of  muscles  in  repose  or  paralyzed;  that»  on  the  other  hand, 

lUfiod  of  tht  glands  has  more  oxygen  during  their  activity  tliau  during  their  repose. 

'  ^  -moastratiiie^  the  trnportniit  flict  Ibat  oxypt^n,  earltcmlc  ncU!.  nntl  nlm>fr<?a  om 

the  atniMplicrlc  preuuro.    H^dtrv  hU  ob»t  rYiiLluns,  time  Itn,  >llts<?herUcb, 

y  1 1  be  over mercaiy  In  tbo  rw^'lvor  of  &n  nir-piiuip,  and,  by  rvmovinj*  tho  prvne- 

^I>ftri|»tii|ili^<wiic4  thv  rnvrcnrrto  dfoccod.    Chi  admlttlnip  air  Into  the  roccK'«r  «ud  rt'«toriDiir  tbu  prMs- 

MMndipd,  wltb  tho  blood,  ainiin  fUUng  the  tube  CQmplct«ly.    From  tbiti  they  Tt!a»om>d  that  tixvto 

ft  hm  MWtUJB^  Mid  to  tlk»  blAod.    By  pftwlmr  ap  a  Ultl«  ocetfe  idd,  carboDJc  oeid  WAa  i»e  ttw,  wblcb  led  them 

•  ttel  dl  tbi  ovboole  Mid  wm  is  oombtOfttJon.    HA«rnua  showed  thftt  tbo  reason  why  utbt^r  ub»i  rTvr»  bud 

t^mhfmmtt''  -*  *^-'  -■-  rT^mp  w«  that  the  nrafactloD  of  tho  nir  waa  not  cnr-'  ^      "'     n\\y  far. 

I  qo<»t<  and  and  wet«  glTon  Id  hl«  locturos  ddirercd  At  tlio  i  mco  in  tho 

r«fMil.    llor»  rsTii  MQA  bx  G«rm«D  pbyttoIo^Li  hAve  ahown  that  B*  r  iat«A  of  tho 

cf  fvtoDlo  Aflld  w«f«  uiticb  too  low. 


I  Vifaw  t»tofif»  the!-  r 

I  fl«ai  di*  btnod 
MiMBBipb«Ml  T^roon'^ 
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"  If  we  compare  the  venous  blood  of  the  right  side  of  the  heart  with  the  arterial 
blood  of  the  left  side,  we  find  that  the  latter  is  richer  in  oxygen  and  poorer  in  carbcoiio 
acid.  In  examining  this  more  closely,  we  see  that  the  difference  in  the  oxygen  la  greater 
than  in  the  carbonic  acid ;  this  being  in  accordance  with  the  well-known  fact  that  ani- 
mals absorb  more  oxygen  than  is  equivalent  to  the  carbonic  acid  exhaled."    - 

These  facts  coincide  with  the  views  which  are  now  held  regarding  the  essential  pro- 
cesses of  respiration.  The  blood  going  to  the  lungs  contains  carbonic  acid  and  but  a 
small  proportion  of  oxygen.  In  the  lungs,  carbonic  acid  is  given  off,  appearing  in  the 
expired  air,  and  the  oxygen  which  disappears  from  the  air  is  carried  away  by  the  ar- 
terial blood. 

Nitrogen  of  the  Blood, — As  far  as  is  known,  nitrogen  has  no  very  important  office  in 
the  process  of  respiration.  There  is  sometimes  a  slight  exhalation  of  this  gas  by  the 
lungs,  and  analyses  have  demonstrated  its  existence  in  solution  in  the  blood.  Magnua 
found  generally  a  larger  proportion  in  the  arterial  than  in  venous  blood,  although,  in  one 
instance,  there  was  a  larger  proportion  in  the  venous  blood.  It  is  not  absolutely  oertain 
whether  the  nitrogen  which  exists  in  the  blood  be  derived  from  the  air  or  from  the 
tissues.  Its  almost  constant  exhalation  in  the  expired  air  would  lead  to  the  suppositicHi 
that  it  is  produced  in  small  quantity  in  the  system  or  supplied  by  the  food.  There  is  no 
evidence  that  nitrogen  enters  into  combination  with  the  blood-corpuscles ;  it  exists  rim- 
ply  in  solution  in  the  blood,  which  is  capable  of  absorbing  about  ten  times  as  much  as 
pure  water.  Nothing  is  known  with  regard  to  the  relations  of  the  free  nitrogen  of  the 
blood  to  the  processes  of  nutrition. 

Condition  of  the  Gases  in  the  Blood, — It  is  now  pretty  generally  admitted  that  the 
oxygen  of  the  blood  exists,  not  in  simple  solution,  but  in  a  condition  of  feeble  combintr 
tion  with  certain  of  the  constituents  of  the  blood-corpuscles,  particularly  the  coloring 
matter.  In  studying  the  composition  of  the  corpuscles,  we  have  seen  that,  when  air  is 
admitted  to  venous  blood,  oxygen  unites  with  the  hoemaglobine,  forming  oxyhnma- 
globine.  Carbonic  oxide,  which  has  a  great  affinity  for  the  corpuscles,  displaces  almost 
immediately  all  the  oxygen  which  the  blood  contains.  When  the  corpuscles  are  de- 
stroyed, as  they  may  be  readily  by  receiving  fresh  blood  into  a  quantity  of  pure  water, 
the  red  color  is  instantly  changed  to  black. 

Carbonic  acid  is  more  easily  exhaled  from  the  blood  than  oxygen.  It  was  this 
principle  which  was  obtained  by  those  who  first  succeeded  in  extracting  gas  from  the 
blood.  While  there  is  every  reason  to  suppose  that  oxygen  is  in  combination  with  the 
blood-corpuscles,  carbonic  acid  seems  to  be  in  a  condition  of  simple  solution  and  is  con- 
tained more  especially  in  the  plasma.  What  may  be  considered  as  the  free  carbonic  acid 
of  the  blood  behaves  in  all  regards  like  a  gas  simply  held  in  solution.  The  view  that  it  is 
held  in  solution  chiefly  in  the  plasma  is  sustained  by  the  fact  that  serum  will  absorb 
more  carbonic  acid  than  an  equal  volume  of  defibrinated  blood. 

Liebig  has  shown  that  the  phosphate  of  soda,  one  of  the  constituents  of  the  blood, 
influences  to  a  remarkable  degree  the  quantity  of  carbonic  acid  which  can  be  held  in 
solution  by  any  licjuid.  One  hundredth  of  a  part  of  this  salt  in  pure  water  will  double 
its  capacity  for  dissolving  carbonic  acid.  When  blood  is  in  contact  with  a  certain 
quantity  of  air,  oxygen  is  consumed  and  carbonic  acid  is  exhaled.  The  fact  that  car- 
bonic oxide,  which  has  such  a  remarkable  affinity  for  the  corpuscles,  displaces  oxygen 
almost  exclusively,  is  another  argument  in  favor  of  the  view  that  the  carbonic  acid  is 
contained  mainly  in  the  plasma. 

The  carbonic  acid  which  is  formed  in  the  tissues  and  is  taken  up  by  the  blood  in  its 
passape  through  the  capillaries  exists  in  this  fluid  in  two  forms :  one,  in  simple  solution, 
chiefly  in  the  plasma,  and  the  other,  in  a  state  of  such  loose  chemical  combination  in 
the  bicarbonates  that  it  may  be  disengaged  by  displacement  by  another  gas  and  is 
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tittiGlj  set  0«c  hy  pnetimic  acid.  This  gas  is  a  product  of  excretion  and  b  not  ec^nged 
In  ■af  of  the  vital  fnnctiona;  while  oxygen,  which  has  an  all- import  ant.  function  to  per- 
fOfiDs  unitn  imtneditttely  with  the  blood-corpuscles  and  is  not  easily  disengaged  except 
it  QiideTgoes  transfonnation  in  the  process  of  nutrition.  In  addition  to  this 
sntilioQS  carhunic!  acid,  there  is  another  j>orti(>n  which  is  a  ponuanent  cunslitueut 
cf  Um  blood,  in  the  carbonates,  and  cannot  be  st?t  frtie  without  the  use  of  reagents* 

K&trcigvo  exists  in  the  blood  in  the  same  condition  of  Bolutian  in  the  plasma  as 
orbottk  acid. 

Merkanmn  of  the  Inf^rrehange  qf  Gaea  hefween  the  Bload  and  ths  Air  in  the  Lxin^^M,— 
Tbe  gases  fW>m  tlje  air  pae^  into  the  blood,  and  the  gases  nf  the  blood  are  exhaled 
tiiriMigti  Ibe  delicate  membrane  which  separates  tbesc  two  fluidiii,  in  accordance  with 
kvf  wlildi  are  now  well  understood.  The  first  to  point  out  the  power  of  gases  thus 
^pmteiwmie  and  pass  through  membranes  was  the  late  Dr.  J.  K.  Mitchell,  of  Philadel- 
plk.  Hl»  aitt*>ntioQ  was  firat  directed  to  this  subject  by  noticing  the  escape  of  gas  from 
fBiB-Ql-  -m^  filled  with  hydrogeo.     Observations  on  tlie  lungs  of  the  snapping 

totio  1  t  air  and  placed  in  an  atmosphere  of  carbonic  acid  or  nitrous  oxide, 

dbowad  »  wry  rapid  passage  of  gas  from  the  exterior  to  the  hiterior.  Dr.  Slitcbell 
lyra^tJBei]  the  pai^age  of  gases  through  membranes  into  liquids  and  the  exhalation  of 
9^0  wliioh  were  in  solution  in  these  liquidf.  He  noted  this  action  in  the  abt^orption  of 
^^M«ii  aail  the  exhalation  of  carbonic  add  in  the  lungs^  although  he  ftU  into  the  error  of 
^^B^Qfliiitf  that  there  was  no  carbonic  acid  in  solution  in  the  blood  ahd  that  it  was  ex- 
id  «  ^  formed.     A  few  yearn  later,  Dr.  Rogers,  of  rhiladelphia,  enclosed  a 

tab  1  -  T»  fillt^^'l  whh  venous  blood,  in  a  bell-glass  of  oxygen.     In  two  hours  a 

l^mfiilj  qI'  ajtygcn  had  been  consumed  and  a  large  quantity  of  carbonic  acid  had  made 
ki  i}ipc:aniiic«. 

W«  have  alreiuly  seen  that  the  l)Iood  is  exposed  to  the  air  in  the  lungs,  separated 

* —  Tf  nnly  by  a  very  delicate  membrane-,  over  an  immense   surface.    The  membrane, 

11   Interfering  with  the  interchange  of  gases,  actually  favors  it;   and  thus,  in 

'  '  laws  which  regulate  endo!«inosis  between  goses  and  hquids,  the  oxjgen 

./mg  into  tlie  blood  and  the  free  carbonic  acid  is  exhaled. 

iftngr^  pifrrenf^*  in  the  Composifhn  o/Art^rhl  arid  VemuM  Shod,^ Al\  observers 
Ipn^tbat  t '  1  marked  differences  in  the  composition  of  arterial  and  venous 

)knif  aadt-  '  m  gases.    The  arterial  blood  contains  less  water  and  is  richer 

ii  lir^^ifiic  and  most  inorganic  con.stituenta  than  the  venous  blood.  It  also  contains  a 
\tgpgf  r,,-  .t..,rf;,.ii  yf  corjjusclet.  It  is  more  eoagulable  and  offers  a  larger  and  firmer 
ti»l  tl  ^  blood.     The  only  principles  which  are  constantly  more  abimdant  in 

Bi  r ii  nre  water  and  the  alkaline  carbonates.    According  to  I^n>?et^  10,000  part^ 

kiti9  bhMxl  contained  12-3  partfl  of  carbonic  acid  combined,  and  the  same  quantity 

•tirts.      The  deficiency  of  water  in  the  blood  which 

lied  by  the  e^-ape  of  wntery  viij)or  in  the  expired  air. 

u  between  ai'terial  and  venous  Idood  is  <ine  to  which  we  have 

__il;  viz.,  that  the  former  has  a  uniform  compositiun  in  all  parts 

I,  while  the  compofiltion  of  the  latter  varies  very  much  In  the  blood 

. iTjiii  organs.    Arterial  blood  is  capable  of  carrying  on  the  processes  of 

venous  blood  is  not  and  cannot  even  circulate  freely  in  tlie  systemic 


V  f.>  ;\  r'n-ifo>ft^  etc, — It  has  been  demonstrated  that  all  tissues, 
r  absolute  integrity  of  eompo*.ition,  have  the  property  of  appro- 
ve acid,  independently  of  the  presence  of  blood;  and 
0  from  the  lungs  to  the  tissues,  there  gives  it  up,  and 
■bonic  acid,  which  is  earried  by  the  venoas  blood  to  the  lungs,  to  be  exhaled. 
II 
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From  this  fact  alone,  it  is  more  than  probable  that  respiration  is  inseparably  connected 
with  the  general  act  of  nutrition.  Its  processes  must  be  studied,  therefore,  as  tbej  take 
place  in  the  tissues  and  organs  of  the  body.  In  the  present  state  of  the  science,  the 
questions  which  naturally  arise  in  connection  with  the  essential  processes  of  respiration 
are  the  following : 

1.  In  what  way  is  oxygen  consumed  in  the  system? 

2.  How  is  carbonic  acid  produced  by  the  system? 

8.  What  is  the  nature  of  the  processes  wiiich  take  place  between  the* disappearance 
of  oxygen  and  the  evolution  of  carbonic  acid  ? 

When  these  questions  are  satisfactorily  answered,  we  shall  understand  the  essence  of 
respiration;  but,  in  reasoning  on  this  subject,  we  must  not  faU  into  the  error  of  assimilate 
iug  the  respiratory  phenomena  too  closely  to  those  with  which  we  are  acquainted  aa 
they  occur  in  inorganic  bodies.  It  must  be  remembered  that  in  the  organism  we  are 
dealing  with  principles  which  have  the  remarkable  property  of  self-regeneration,  and 
which,  as  a  simple  condition  of  normal  existence,  consume  oxygen,  when  it  is  presented 
to  them,  and  exhale  carbonic  acid.  Without  a  proper  supply  of  oxygen,  the  tissues  die, 
lose  these  peculiar  properties,  and  finally  disappear  by  putrefactive  decomposition.  This 
consumption  of  oxygen  cannot  be  regarded  in  any  other  light  than  as  the  appropriation, 
by  a  living  part,  of  an  element  necessary  to  supply  waste,  in  the  same  way  as  those  ma- 
terials which  are  ordinarily  called  nutritive  are  appropriated.  That  waste  is  continnallj 
going  on  there  can  be  no  doubt ;  and,  as  the  production  of  urea,  creatine,  creatinine, 
chulesterine,  etc.,  is,  to  a  certain  extent,  independent  of  the  absorption  of  food,  so  the 
production  of  carbonic  acid  is  in  a  certain  degree  independent  of  the  absorption  of  oxy- 
gen. How  different  are  these  phenomena  from  those  which  attend  the  combinations  and 
decompositions  of  inorganic  matters !  As  an  example,  let  oxygen  be  brought  in  contact, 
under  proper  conditions,  with  iron.  Under  these  circumstances,  a  union  of  iron  and 
oxygen  takes  place,  and  a  new  substance,  oxide  of  iron,  is  formed,  which  has  peculiar 
and  distinct  properties.  In  the  same  way,  carbonic  acid  may  be  disengaged  from  its 
combinations  by  the  action  of  a  stronger  acid,  which  unites  with  the  base  and  forms  a 
new  substance  in  no  way  resembling  the  original  salt.  To  make  the  contrast  still  more 
striking,  let  fat  be  heated  in  oxygon  or  in  the  air  until  it  undergoes  combustion;  it  is 
then  changed  into  carbonic  acid  and  water,  by  a  definite  chemical  reaction,  and  is  utterly 
destroyed  as  fiit. 

In  the  living  body  the  organic  nitrogenized  principles  are  in  a  condition  of  continual 
change,  breaking  down  and  forming  various  excrementitious  principles,  at  the  head  of 
which  may  be  placed  carbonic  acid.  It  is  essential  to  life  that  these  principles  be  main- 
tained in  their  chemical  integrity,  which  requires  a  supply  of  fresh  matter  as  food,  and, 
above  all,  a  supply  of  oxygen.  We  put  ourselves  in  the  position  of  ignoring  well-estab- 
lished facts  and  principles  when  we  assimilate  without  reserve  the  process  of  the  con- 
sumption of  oxygen  and  production  of  carbonic  acid  by  living  organic  bodies,  to  simple 
combustion  of  sugar  or  fat.  The  ancients  saw  that  the  breath  was  wanner  than  the  sur- 
rounding air,  that  in  the  lungs  the  air  took  heat  from  the  body,  and,  as  they  knew  of  no 
otiier  changes  in  the  air  produced  by  respiration,  they  assumed  that  its  object  was  simply 
to  cool  tlie  blood.  Lavoisier  discovered  that  the  air,  containing  oxygen,  lost  a  portion 
of  this  principle  in  respiration  and  gained  carbonic  acid  and  watery  vapor.  He  saw  that 
this  might  be  imitated  by  the  combustion  of  hydro-carbons,  such  as  exist  in  the  blood. 
He  called  respiration  a  slow  combustion  and  regarded  as  its  i)rincipal  oflSce  the  mainte- 
nance of  animal  temperature.  When  it  was  shown  by  analyses  of  the  blood  for  gases, 
t'.iat  oxyjion  is  not  consumed  in  the  luncrs,  but  is  taken  up  by  the  circulating  fluid  and 
carried  all  over  the  body,  and  that  carbonic  acid  is  brought  from  all  parts  by  the  blood 
to  the  lungs,  these  faets,  taken  in  connection  with  the  tact  that  the  tissues  have  the  prop- 
erty of  consuniiui:  oxygen  and  exhaling  carbonic  acid,  led  physiologists  to  change  the 
location  uf  the  combustive  process  from  the  lungs  to  the  tissues. 
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,  tliw  point  Now  it  is  known  that  the  orpranic  principles  of  the 
liodf,  irllieh  form  the  basis  of  wli  lissoes  and  organic  are  continually  urulergoing  change 
ji  a  ecuKlitioa  of  exiitenco;  that  ther  do  not  unite  with  any  substance  in  d<ifiDite  ehemi- 
c«l  pfo|»artiofu,  but  tijat  their  purticlt^s,  alter  a  certain  period  uf  existence,  degenerate 
iaia  tfxomuentitious  gnbatances  and  are  re^nerated  by  an  appropriation  and  change  of 
iu«Urifili^  fumishwd  by  the  blood.  As  far  as  the  respiration  of  these  parts  is  concerned, 
we  eaa  only  say,  that,  in  this  process,  carbonic  acid  is  prodnced  and  oxygen  is  consumed. 
TWm  fscta  show  that  respiration  is  essentially  a  phenomenon  of  nutrition,  poftsesaing  n 
dcgne  of  complexity  certainly  equal  to  that  of  the  uther  nutritive  processes.  It  roust 
%9  •rln  1  that  thua  far  its  cause  and  intimate  nature  have  ©laded  investiitration, 

la  r«|Hr  the  tissues,  no  one  has  yet  been  able  to  give  the  cause  of  the  absorption 

^  6'wjf^n  «>r  iLe  exhalation  of  carbonic  acid,  or  to  demonstrate  the  eonditi».»n  iu  which 
aygvD  exists  when  once  appropriated,  or  the  particular  chungei*  which  take  place  and 
d«  priDclplefl  which  &r«  lost,  in  the  formation  of  carbonic  acid. 

T!i«  rtews  of  physiologists  with  regard  to  the  essential  processes  of  respiration,  be- 
kct  the  llowf  of  Lavoisier,  have  barely  an  historical  interest  at  the  present  day,  except 
Ibt  r»i!  "  ■  "  u!ea  of  Mayow,  which  corapryhouded  nearly  the  whole  proceAS  and 
9hkh  V,  iced  for  about  a  Imndred  years.     It  is  not  our  object  to  dwell  upon  the 

txkns  Uic^>i  *c6  which  have  been  advanced  from  time  to  time,  or  even  to  fully  discuss,  in 
nb  o  aoccliun,  the  combustion- theory  as  proposed  by  Lavoisier  and  tnoditied  by  Liebig 

Lnj*     AUhuugh  this  theory  is  nominally  received  by  many  |*hy^iiologists  of  the  prea- 
,  it  will  be  found  tliat  most  of  them,  in  accordance  with  the  facts  which  have 
^a  developed,  reaDy  regard  respiration  as  connected  with  nutrition.    They  only 
1  *'  ^     r  *  '  t  the  combustion-thcory,  in  their  definition  of  the  tenn  com- 

-d  respiration  as  a  slow  combustion  of  carbon  and  hydrogen; 
rapid  or  slow  combination  of  oxygen  with  any  other  body  be  considered  a 
this  view  ia  absolutely  correct  and  was  proven  when  it  was  shown  that 
If  jfrn  nnitod  with  any  of  the  ti.^sues.     Longet  says  that  hince  the  time  of  Lavoisier  it  is 
f...l  T..  iTtve  the  above  aignification  to  the  word  combustion;  but  this  must  simply  be 
•  9^  of  retaining  the  name  applied  by  Lavoisier  to  the  respiratory  process, 
*:  ^<  n>>  K I gpili ration  is  altered  to  suit  the  facta  which  have  since  tiiken  their  place  in 
tBore.    There  is  no  donbt  that  combustion  is  generally  regarded  as  signifying  the  direct 
lid  it!  n  with  certain  principles  which  commonly  contain  carbon  and 

hjimg'  ite  products  of  this  union  are  carbonic  acid,  water,  and,  inci-. 

ittCdly,  beat  Mul  light.     It  isi  certain  that  oxygen  does  not  unit^3  in  the  body  directly 
iHl  <^i'!»^>ti  and  hydrogen,  although  it  is  consumed  and  corbonlc  acid  and  water  are  pro- 
-pLration,     Important  intermedi.-^te  phenomena  take  pla^^e,  and  we  do  not 
.r  expresa  the  respiratory  prociass  by  the  term  combustion.     The  reflcarches 
i,  W,  F.  Edwards,  Collard  de  Martigny,  and  others*  who  have  demonstrated 
'jipluTit  exhalation  of  carbonic  acid  by  animals  and  by  tissues  deprived  of  oxygen, 
that  it  U  octt  a  product  of  combustion  of  any  of  the  princiideti  of  the  organism. 
iii  in«ntlicient  to  explain  the  Intimate  nature  of  the  rcspira- 
he  seen  liow  satisfactorily,  in  the  present  state  of  the  science, 
to  answer  the  several  questionii  we  have  proposed, 

if  w  -^r  1^  the  oxygen  consumed  in  tho  system?      Oxygen  taken  from  the  air 

•  d  by,  and  enters  into  the  composition  of  the  red  corj>uscleB,    Part 

^^nr?  in  th«  red  corpuscles  themselves,  and  carbonic  acid  ia  given 

M     \tent  this  t^kes  place  U  is  impoasible  to  say;  but  it  is  evident, 

m1»  of  analysis  of  the  blood  for  gases,  that  the  property 

>:  otT  carbonic  acid,  which  Spallanzani  demonstrated  to 

I  to  the  tiMne«^  is  pusLscssed  os  well  by  the  red  coqiuselea.     During  life  it  is  nut 

rto  fkCttrraine  how  fiir  this  takes  place  iu  the  blood  and  how  far  in  the  tissues. 

TW  (bcury  bai  h^vu  proposed  that  all  the  respiratory  chatige  takes  place  in  the  blood  aa 
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it  circulates ;  but  the  avidity  of  the  tissues  for  oxygen  and  the  readiness  with  which 
they  exhale  carbonic  acid  leave  no  room  for  doubt  that  much  of  this  change  is  effected 
in  their  substance. 

Oxygen,  carried  by  the  blood  to  tlie  tissues,  is  appropriated  and  consumed  in  their 
substance,  together  with  the  nutritive  materials  with  which  the  circulating  fluid  is 
charged.  We  are  acquainted  with  some  of  the  laws  which  regulate  its  consumption  but 
have  not  been  able  to  follow  it  out  and  ascertain  the  exact  nature  of  the  changes  which 
take  place.  All  that  we  can  say  definitely  on  this  point  is,  that  it  unites  with  the  organic 
principles  of  the  system,  satisfying  the  "  respiratory  sense  "  and  supplying  an  imperative 
want  which  is  felt  by  all  animals  and  which  extends  to  all  parts  of  the  organism.  After 
being  absorbed,  it  is  lost  in  the  intricate  processes  of  nutrition.  There  is  no  evidence  in 
favor  of  the  view  that  oxygen  unites  directly  with  carbonaceous  matters  in  the  blood 
which  it  meets  in  the  langs,  and,  by  direct  union  with  carbon,  forms  carbonic  acid. 

2.  Uow  is  carbonic  acid  produced  by  the  system?  That  carbonic  acid  makes  its 
appearance  in  the  blood  itself,  produced  in  the  red  corpuscles,  has  been  abundantly  proven 
by  observations  already  cited,  although  it  is  impossible  to  determine  to  what  extent  thin 
takes  place  during  life.  It  is  likewise  a  product  of  the  physiological  decomposition  of 
the  tissues,  wlience  it  is  absorbed  by  the  blood  circulating  in  the  capillaries  and  conveyed 
by  the  veins  to  the  right  side  of  the  heart.  It  has  been  experimentally  demonstrated 
that  its  production  is  not  immediately  dependent  upon  the  absorption  of  oxygen,  for  its 
formation  continues  in  an  atmosphere  of  hydrogen  or  of  nitrogen.  It  is  most  reasonable 
to  consider  the  carbonic  acid  thus  formed  as  a  product  of  excretion  or  disassimilation, 
like  urea,  creatine,  or  cholesterine.  The  fact  that  it  may  easily  be  produced  artificially, 
out  of  tlie  body,  does  not  demonstrate  timt  its  formation  in  the  body  is  as  simple  as  when 
it  is  formed  by  the  process  of  combustion.  We  may  be  able  at  some  future  time  to  pro- 
duce artificially  all  the  excrementitious  principles,  as  has  already  been  done  in  the  case 
of  urea;  but  we  are  hardly  justified  in  sui>posing  that  the  mode  of  formation  of  carbonic 
acid,  as  one  of  the  phenomena  of  nutrition,  is  ])reci5ely  the  same  as  when  it  is  made  by 
our  chemical  manipulations. 

As  expressing  nearly  all  that  is  known,  even  at  the  p>re5ont  day,  regarding  the  mode 
of  formation  of  carbonic  acid  in  the  economy,  we  may  take  the  following  concluding 
passage  from  the  paper  of  Collard  de  Martipny,  published  in  1830: 

"  The  carbonic  acid  expired  is  a  pro<luct  of  assimilative  decomposition,  secreted  in 
the  capillaries  and  cxcrett-d  by  the  lungs.''' 

The  carbonic  acid  thus  pn^duced  is  taken  up  by  the  blood,  part  of  it  in  a  free  state  in 
solution,  particularly  in  the  plasma,  and  a  part  which  has  united  with  the  carbonates  to 
form  bicarbonates.  Carried  thus  to  the  lunjrs,  the  free  gas  is  removed  by  simple  dis- 
placement, and  that  wliii-li  exists  in  combination  is  sot  free  by  the  acids  found  in  the 
pulmcmary  substance. 

3.  What  is  the  nature  of  the  internuMliate  processes.  frc>in  the  disappearance  of 
oxygon  to  the  evolution  of  carbnnio  arid?  A  definite  answor  to  this  question  would 
complete  our  knowlediv  of  the  respiratory  process;  but  this,  in  the  j»reseut  state  of  the 
science,  we  are  not  prej>ared  to  give.  AVe  can  only  repeat  what  has  already  been  so 
freqnon:ly  ret'erred  to,  that  oxygen  must  be  consi«lerod  as  a  nutritive  i»rinciple,  and 
carbonie  licid,  as  a  product  of  excretion.  The  intermediate  processes  belong  to  the  general 
function  of  nutrition,  with  the  intimate  nature  of  which  we  are  unacquainted.  We 
have  not  suirieiont  evidence  f«>r  supposing  that  tliis  i>rocos<  is  identical  with  what  is 
generally  known  as  combustion. 

77it'  11  y^'r  't'rry  S^nsr,  or  W(fnt  o?)  t/iC  p/frt  of  the  System  irhich  induces  the 
I^'-yfinrton/  JlovanOtts.     {Iksoin  dc  j-c^jyinr,) 

AVo  are  all  f;nniliar  with  the  peculiar  and.distres>.ing  sense  of  suffocation  which 
attends  an  interruption  in  the  respiratory  process.     Under  ordinary  conditions,  the  act 
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takes  jiIaco  without  our  knowledge;  Init  even  when  the  air  is  hot  littlo 
tillaiiHlf  wlieti  its  entrance  into  the  lungs  b  sJiyrhtJv  intt^rfcred  with  or  when  a  consider- 
le  (juhnonary  structure  is  involved  in  disense,  wo  experience  a  rertain 
and  hecome  ctinscious  of  tlm  necessity  of  respiratory  c^fforts.     This 
»i*  r  ■  suffocation,  and,  if  the  ohstruction  bo  sufficient,  id 

Mloirtd  hy  ,  and  hnully  hy  death. 

AUliott^  we  tir«  nut  »«iisible  uf  any  want  of  air  under  ordinary  conditions,  it  was 
pmfvii  by  the  colebrat^d  experiment  of  Robert  Hook,  in  1664,  tliat  there  is  a  M'ant 
dimys  fdt  by  th«  system,  and  that,  if  this  want  ho  etTectuaUy  aupplied,  no  respiratory 
m^rtaaents  wUl  take  place.  We  have  ollen  repeated  the  experiment  demonstrating  thia 
tM*  If  a  ilog  bo  bronj^bt  completely  under  the  influence  of  ether,  the  chest  and  abdo- 
iHBo;:'  V  !  artificial  respiration  be  carefully  kept  up  hy  means  of  a  bellows  fixed 
■  Umi  t  -n  after  tlio  animal  hm  come  from  under  tlie  intlaence  of  the  amcsthetic, 

IP  it  t  t  and  wag  his  tail  when  spoken  to,  he  will  frequently  cea»e  all 

6  when  the  air  is  adequately  supplied  to  the  lungs.  This  fact  can  he 
ttlitf&ietuTUy  ob*»erved»  as  the  diaphragm  and  other  im[Jortant  respiratory  muscles 
St  dneailtHi  and  exposed  to  riew.  If  the  artificial  res^^iratiou  be  interrupted  or  hn- 
foiottlf  performed,  the  animal  almost  immediately  feels  the  want  of  air,  and  the  exposed 
fviplritorx  mn^Je*  are  thrown  into  violent  hut  inefifectual  contraction. 

It  It  ge&erally  admitted,  indeed,  that  there  exists  in  the  system  what  may  appropri- 
iSalj  !♦<  r<«gardcd  a*  n  r  i  r  sense,  or,  as  it  is  called  by  the  French,  heMin  de  respirer^ 

whkli  k  conveyed  tu  atory  nervous  centre  and  gives  rise  to  the  ordinary  retiex 

lOd  tntoloiitjiry  movement:*  of  respiration,  that  this  sense  is  exaggerated  by  any  thing 
■Ikli  ioliErferaa  with  respiration,  and  is  then  carried  on  to  the  brain,  whore  it  is 
H|trf1at*id  AS  dyspm-ea  and  finally  as  the  overpowering  sense  of  su^bcation.  An 
ttiga«r»tiuo  of  the  respiratory  sense  constitutes  an  oppresdon,  which  la  referred  to  the 
^m^  ll  L&9  been  demonstrated,  however,  that  the  sensation  of  hunger,  which  is  felt 
II  t^  ituaiAeii^  and  of  thirst,  which  is  felt  in  the  throat  and  fauces,  have  their  seat 
mSif  in  th<*  ir*f<n*ra1  ftv^tom,  and  are  instinctively  referred  to  the  parts  mentioned, 
relieved  by  the  introduction  of  food  into  the  stomach  and  the 
ue  thnjat  and  a^sopha^ms.  It  cannot,  therefore,  be  assumed, 
•cfifwiiiims  only,  that  the  sense  of  want  of  aii*  is  really  situated  in  the  lungs.    The 
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'tid  its  immediate  cause  is  ono  of  the  most  interesting  of  tlie  physio- 
'd  with  respiration. 

5  accept  the  view  of  Marshall  Ilall,  that  tho  respiratory  sense  is 
N  carried  to  tho  medulla  oblongata  by  the  pulmonary  branches  of 
nerves,  and   is  due  to  tho  accumulation  of  carbonic  acid   in  the 
bat  there  are  facts  in  physiology  and  pathology  which  are  incon- 
iikal  wit^i  ftnch  an  exclusive  view, 
la  <M^*  s  i*r  disease  of  the  heart,,   when  tho  system  is  imperfectly  supplied  with 
I,  the  sense  of  sutfocation  is  frequently  most  distressing,  although  the 
ed  and  receive  a  sufficient  supply  of  pure  air.    Ttiis  and  other  similar 
to  adopt  the  view  that  the  respiratory  sense  has  its  point  of  departure 
.  »f  the  heart  and  is  due  to  their  distention  as  the  result  of  obstruc- 
T  hirmd  tlir'^ngh  the  lungs,     John  Reid  thought  it  was  due  in  a 
m  blood  in  the  medulla  oblongata,     What  has  been 
I  was  given  by  Vol kraann  in  1S41.     lie  regarded  tho 
••■•  i4  waai  of  air  aft  dependent  on  a  deficiency  of  oxygen  iu  the  tia^^nee,  pro<Iucijig  an 
tifftiikm  which   is  conveyed   to   the  medulla  oblongata   by  the  nerves  of  general 
ity«    By  a  series  of  experiments,  this  observer  disproved  the  view  that  this  sense 
the  lttni?i9  and  is  transmitted  along  the  pneumoga^tric  nerves ;  and,  by  exclusion, 
it  in  the  general  system  and  showed  that  such  a  supposition  is  sufficient  to 
o^tib  ill  tlte  phenomena  eonnectod  with  the  respiratory  movements.    In  the  hope  of 
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settling  some  of  these  qaestions,  which  might  be  regarded  as  somewhat  nncertain,  we 
institated,  a  few  years  ago,  a  series  of  experiments  upon  the  situation  and  cause  of  the 
respiratory  sense.  In  these  observations,  the  following  facts,  some  of  which  had  been 
previously  noted,  were  demonstrated: 

1.  If  the  chest  be  opened  in  a  living  animal,  and  artificial  respiration  be  carefully 
performed,  inflating  the  lungs  sufficiently  but  cautiously  and  taking  care  to  change  the 
air  in  the  bellows  every  few  moments,  as  long  as  this  is  continued,  the  animal  wiU  make 
no  respiratory  eflfort;  showing  that,  for  the  time,  the  respiratory  sense  is  abolished. 

2.  When  the  artificial  respiration  is  interrupted,  the  respiratory  muscles  are  thrown 
into  contraction,  and  the  animal  makes  regular,  and  at  last  violent  efibrts.  If  we  now 
expose  an  artery  and  note  the  color  of  the  blood  as  it  flows,  it  will  be  observed  that  the 
respiratory  efibrts  commence  only  when  the  blood  in  the  vessel  begins  to  be  dark.  When 
artificial  respiration  is  resumed,  the  respiratory  efibrts  cease  only  when  the  blood  becomes 
red  in  the  arteries.  The  invariable  result  of  this  experiment  seems  to  show  that  the 
respiratory  sense  is  connected  with  a  supply  of  blood  containing  little  oxygen  and  charged 
with  carbonic  acid  to  the  systemic  capillaries  by  the  arteries,  and  that  it  varies  in  intensit j 
with  the  degree  of  change  in  the  blood. 

3.  If,  while  artificial  respiration  is  regularly  performed,  a  large  artery  be  opened  and 
the  system  be  thus  drained  of  blood,  when  the  hemorrhage  has  proceeded  to  a  certain 
extent,  the  animal  makes  respiratory  efibrts,  which  become  more  and  more  violent,  until 
they  terminate,  just  before  death,  in  general  convulsions.  The  same  result  follows  when 
the  blood  is  prevented  from  getting  to  the  system  by  applying  a  ligature  to  the  aorta. 

These  facts,  which  may  be  successively  observed  in  a  single  experiment,  remain  pre- 
cisely the  same  if  we  previously  divide  both  pneumogastric  nerves  in  the  neck;  showing 
that  these  are  by  no  means  the  only  nerves  which  convey  the  respiratory  sense  to  the 
medulla  oblongata. 

The  conclusions  which  may  legitimately  be  drawn  from  the  above-mentioned  facts  are 
the  following : 

The  respiratory  sense  has  its  scat  in  the  system  and  is  transmitted  to  the  medulla 
oblongata  by  the  general  sensory  nerves.  It  does  not  originate  in  the  lungs,  for  it 
operates  when  the  lungs  are  regularly  filled  with  pure  air,  if  the  system  be  drained  of  the 
oxygen-carrying  fluid. 

The  respiratory  sense  is  due  to  a  want  of  oxygen  on  the  part  of  the  system,  and  not  to 
any  fancied  irritant  properties  of  carbonic  acid;  for,  when  the  lungs  are  filled  with  air, 
and  the  system  is  gradually  drained  of  blood,  although  all  the  blood  which  finds  its  way 
to  the  capillaries  is  fully  oxygenated,  as  the  quantity  becomes  insufficient  to  supply  the 
required  amount  of  oxygon,  the  sense  of  want  of  air  is  felt,  and  respiratory  eflforts  take 
place.  The  experimental  results  on  which  these  conclusions  are  based  are  invariable, 
and  we  have  demonstrated  them  repeatedly;  so  that  the  location  of  the  respiratory 
sense  in  the  general  system,  and  the  fact  that  it  is  an  expression  of  a  want  of  oxygen, 
seem  as  certain  as  that  oxygen  is  taken  up  by  the  blood  from  the  lungs  and  distributed 
to  the  tissues  by  the  arteries.  With  this  view  we  can  explain  all  the  refiex  phenomena 
which  are  connected  with  the  respiratory  function. 

The  supposition  of  B6rard  that  the  respiratory  sense  is  due  to  distention  of  the  right 
cavities  of  tlie  heart  is  disproved  by  the  simple  experiment  of  sudden  excision  of  this 
organ.  In  that  case,  as  the  system  is  drained  of  blood,  efibrts  at  respiration  invariably 
take  place,  though  the  supply  of  air  to  the  lungs  bo  continued. 

Sense  of  Suffocation. — We  must  separate,  to  a  certain  extent,  the  respiratory  sense 
from  the  sense  of  distress  fruin  want  of  air,  and  its  extreme  degree,  the  sense  of  suffoca- 
tion. The  first  is  nut  a  sensation,  but  an  impression  conveyed  to  the  medulla  oblongata, 
giving  rise  to  involuntary  reflex  movements.  The  necessities  for  oxygen  on  the  part  of 
the  system  regulate  the  supply  of  air  to  the  lungs.     We  have  already  seen  that,  once  in 
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to  eight  refiipirationa,  or  when  the  respiratory  raovoments  artj  a  little  restrict«*d 
wa$ep  Hfei  tadtteaee  of  deproflsing  etnotiotis^  an  involuntiirj  deep  or  sighmg  iii»pirtttioii  is 
QMiUs  fof  the  purpose  of  ohangtug  the  air  in  thti  hmgs  tjiuro  completely.  Tbe  increaiteil 
MttSQSsptioa  of  oxygen  and  a  certain  amount  of  interference  with  the  niechanic^l  proceas 
of  tcflfiinlioa  durinj*  violent  mascular  exercise  pnt  ns  **  out  of  breath/^  and  for  a  lime 
tl»  ffMjpirtttory  motements  are  exftgig:erated.  Thia  ia  perhaps  the  tir&t  physiologica]  way 
lairbiicli  til'  -  uppreeiated  by  the  senses,     A  deficiency  in  haeroatogiss  either 

(hm  A  vitia'  mechanical  obstructicm  in  the  air-passage*^  or  grave  trouble 

ifttlM  geoeriii  i  inniUitiou^  produces  all  grades  of  sensations,  from  the  slight  oppression 
vbktb  b  frit  In  a  crowded  room,  to  the  intense  distress  of  suffocation.  When  hfematOHJs 
libal  aUghUy  Interfered  with,  only  an  indefinite  sense  of  oppr^ssiDn  is  experienced^  and  the 
WHiiialory  movements  ore  a  little  incroased,  the  most  marked  effect  being  an  increase  in 
t^  DmmtMM'  and  extent  of  sighing  inspirations.  In  the  experiments  upon  animals  to  whidi 
f«b*v#  referred,  when  artificial  respiration  was  interrupted^  we  first  noticed  regular  and 
isfe  lioleiit  contractions  of  the  respiratory  muscles;  but,  as  the  sense  of  want  of  air  he- 
MM  ex  t,  eTery  muscle  which  could  be  used  to  raise  the  oheet  was  brought  into 

MlioiL  luman  subject  in  this  condition ,  the  countenance  has  a  peculiar  expres- 

mm  of  BDxkty  and  distres^i,  and  the  movements  soon  extend  to  the  entire  muscular  ays- 
tarn,  msulting  in  general  conrulsions^  and,  tinalty,  in  insensibility* 

-ing  in  mind  the  fact  that,  although  these  sensationis  are  referred  to  the  lungs, 
iacre^ised  respiratory  effort  as  the  common  means  for  their  relief,  they  have 
|loint  of  departure  in  the  general  system,  we  can  understand  the  operation  of 
innal  conditions  of  the  circulation,  when  the  lungs  are  adequately  supplied 
•ir.  TTie  first  subjective  symptom  of  air  in  the  veins  is  a  sense  of  impending 
no  want  of  air  in  the  hmps,  but  tlie  circulation  is  inatantaneoualy 
anted  blood  is  not  supplied  to  the  tissues.  The  same  effect,  practi- 
aDf,  Ibtlows  abstraction  of  the  circulating  fluid  or  the  absorption  of  any  poisonous  agent 
^I'.-u  .L.c*i-^.v^  Oio  function  of  the  corpuscles  as  carriers  of  oxygon ;  although,  in  hjrmor- 
-  are  not  so  marked,  as  generally  the  system  is  grudnally  debilitated  by 
•  '•  [in*^.  i4i  ro  loss  of  blood.  It  woa  invariably  noticed,  in  the  experiments  above  referred 
Itftlial,  after  the  division  of  a  large  artery,  although  artificial  respiration  was  carefully 
|efforsied«  n»»piratory  efforts  tcjok  place  when  the  system  became  nearly  drained  of  blood. 
Mlbi  hsttoiorrhage  continued,  tbese  etfort^  became  more  violent  and  resulted,  just  before 
Iml^  la  pcrneml  convulsions.  A  comparison  of  this  experiruent  with  those  in  which 
«ileia]  nflsplratioD  was  simply  interrupti'd  shows  tbtit,  in  sadden  haemorrhage,  there  can 
Wno^oQbi  that  the  syi^tem  feels  the  want  of  osygen ;  aud^  when  the  loss  of  blood  is 
Wj  frrttt,  this  b  increased  until  it  amounts  to  u  sense  of  suffocation.  In  gradual  htemor* 
lli|«k  tbere  is  a  conservative  provision  of  Nature,  by  which  faiutness  and  diminution  in 
tkferoe  of  the  heart's  action  favor  the  arrest  of  the  tlow  of  blood, 

MtJ&ing  by  carbonic  oxide  U  £rencrally  accompanied  with  convulsions,  which  arise 
htm  tb«  pcti  due  to  a  fixation  of  Uiis  gas  in  the  blood -corpusclea, 

%  which  Um.  of  carrying  tixygen  to  the  system-    Convulsions  also 

flltti  poSsnntng  by  hydrocyanic  acid,  in  ca^es  in  which  the  system  is  not  overpowered 
inniwliaf,  1.  by  ft  large  do«c  of  Uiis  agent  and  the  muscular  irritability  is  destroyed, 

ats  have  failed  to  show  that  the  respiratory  sense,  or  the  sense  of  suffocation, 
lu^-  .<»  irniition  prodnccd  by  carbonic  acid  in  the  n  on -oxygenated  blood, 

liespiraiori/  EfforU  before  Birth, 

II  b  generally  ailmitted  that  one  of  the  moBt  importunt  functions  of  the  placenta,  and 
Itkt  0Q«  which  is  most  immediately  connected  with  the  life  of  the  fcetus,  is  a  respiratory 
cb  '  '  to  that  which  takes  place  in  tbe  gills  of  aquatic  animals* 

»?a-  ii  the  foetus  are  continually  bathed  in  the  blood  of  the 

ir,  «ii4  ihk  U  tlie  only  wiiy  in  which  it  can  receive  oxygen.    Notwithstanding  the 
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statements  of  those  who  have  been  unable  to  note  any  difference  in  color  between  the 
blood  contained  in  the  nmbilical  arteries  and  the  vein,  there  are  direct  observations 
showing  that  such  a  difference  does  exist.  Legallois  frequently  observed  a  bright-red 
color  in  the  blood  of  the  umbilical  vein ;  and,  on  alternately  compressing  and  releasing  the 
vessel,  he  saw  the  blood  change  in  color  successively  from  red  to  dark  and  from  dark  to  red. 
As  oxygen  is  thus  adequately  supplied  to  the  system,  the  foetus  is  in  a  condition  similar  to 
that  of  the  animals  in  which  artificial  respiration  was  effectually  performed.  The  want 
of  oxygen  is  fully  met,  and  therefore  no  respiratory  efforts  take  place.  Respiratory 
movements  will  take  place,  however,  even  in  very  young  animals,  when  there  is  a  defi- 
ciency of  oxygen  in  the  system.  It  has  been  observed  that  the  liquor  amnii  occasionally 
finds  its  way  into  the  respiratory  passages  of  the  foetus,  where  it  could  only  enter  daring 
efforts  at  respiration.  Winslow,  in  the  latter  part  of  the  last  century,  first  noticed  respir- 
atory efforts  in  the  foetuses  of  cats  and  dogs  in  the  uterus  of  the  mother  during  life ;  and 
many  others  have  observed  that,  when  foetuses  are  removed  from  vascular  connection 
with  the  mother,  they  will  make  vigorous  efforts  at  respiration.  This  fact  we  have  fre- 
quently had  occasion  to  demonstrate  in  making  operations  upon  pregnant  animals.  After 
the  death  of  the  mother,  the  foetus  always  makes  a  certain  number  of  respiratory  efforts, 
which  are  not  uncertain  in  their  character,  but  distinct^  accompanied  by  great  elevation 
of  the  ribs,  opening  of  the  mouth,  and  following  each  other  at  regular  intervals,  inde- 
pendently of  irritation  of  the  general  surface. 

From  what  has  been  experimentally  demonstrated  with  regard  to  the  seat  and  caose 
of  the  respiratory  sense  after  birth,  it  is  evident  that  want  of  oxygen  is  the  cause  of  re- 
spiratory movements  in  the  foetus.  AVhen  the  circulation  in  the  maternal  portion  of  the 
placenta  is  interrupted  from  any  cause,  or  when  the  blood  of  the  foetus  is  obstructed  in 
its  course  to  and  from  the  placenta,  the  impression  due  to  want  of  oxygen  is  conveyed 
to  the  medulla  oblongata,  and  efforts  at  respiration  arc  the  result.  This  cannot  be  doe 
to  an  accumulation  of  carbonic  acid  in  the  lungs  and  is  entirely  consistent  with  our 
views,  locating  the  respiratory  sense  in  the  general  system. 

Cutaneous  Respiration, 

Tliis  mode  of  respiration,  although  very  important  in  many  of  the  lower  orders  of  ani- 
mals, is  insignificant  in  the  human  subject  and  is  even  more  slight  in  animals  covered 
with  hair  or  feathers.  Still,  an  appreciable  quantity  of  oxygen  is  absorbed  by  the  skin 
of  the  human  subject,  and  an  amount  of  carbonic  acid,  which  is  proportionately  larger, 
is  exhaled.  Exhalation  of  carbonic  acid,  which  is  conuLCted  rather  with  the  functions 
of  the  skin  as  a  general  eliminating  organ  and  is  by  no  means  an  essential  part  of  the  re- 
spiratory process,  will  be  more  fully  considered  under  the  head  of  excretion.  Carbonic 
acid  is  given  off  with  the  general  emanations  from  the  surface,  being  found  at  the  same 
time  in  solution  in  the  urine  and  in  most  of  the  secretiims.  It  is  well  known  thut  death 
follows  the  application  of  an  impermeable  coating  to  the  entire  cutaneous  surface ;  but 
this  is  by  no  means  due  to  a  suppression  of  its  respiratory  function  alone.  The  skin  has 
other  offices,  particularly  in  connection  with  regulation  of  the  animal  temperature,  which 
are  infinitely  more  important. 

An  estimate  of  the  extent  of  the  cutaneous,  as  compared  with  pulmonary  respiration, 
has  been  made  by  Scharling,  by  comparing  the  relative  quantities  of  carbonic  acid  exhaled 
in  the  twenty-four  hours.  According  to  this  observer,  the  skin  performs  from  3V  ^^  ^V  <>^ 
the  respiratory  function.  It  is  exceedingly  ditiicult  to  collect  all  the  carbonic  acid  given 
off  by  the  skin  under  perfectly  normal  conditions.  In  some  recent  observations  by  Au- 
bert,  the  estimate  is  very  much  lower  than  that  given  by  Scharling. 

Asjyhyxia. 
The  effects  of  cutting  off  the  supply  of  oxygen  from  the  lungs  are  mainly  referable  to 
the  circulatory  system  and  have  already  been  considered  under  the  head  of  the  influ- 
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r  af  rcifiimtion  upon  the  circxilatioiL    Jt  will  bo  remembered  tliat,  in  uspUyyia  the 
ile<l  blood  passes  with  so  much  di^cuJtj  through  tbo  »y^t<^mic  capillaries  as 

ttj  Co  Arrest  the  action  of  the  heart.     It  is  the  oxperience  of  those  who  Imve  experi- 
i  on  I  hid  sobject,  that  the  movements  of  tlie  heart,  oace  arrested  in  litis  way,  can- 

bo  restored^  hat  that  while  tlio  slightest  regular  movements  continue,  Us  functions 

1  gfwluAUy  return  if  air  hu  readmitted  to  the  laugs. 

A  remarkable  power  of  resbtiug  at^phjxia  exists  in  newly-born  animals  that  have 
sever  breathed,  ThU  was  noticed  by  Haller  and  others  and  has  been  the  aubji:ct  of  nn- 
as  experiments,  among  which  we  may  mention  those  of  Buttbif,  LegalJois,  ami  W.  F. 
^W wards.  Legalhiis  found  that  young  rabbits  would  live  for  fifteen  minutes  deprived  of 
air  by  ^nbmersion^  but  that  this  powor  of  resistance  diminished  rapidly  with  age.  W. 
F.  Edwanls  has  shown  that  Uiere  exists  a  great  dillVrenco  in  this  regard  in  (llfferent 
eliS9e9  of  animals.  Dogs  and  cats^  which  are  born  with  the  eyes  shut  and  in  which  there 
tat  first  A  very  slight  development  of  animal  heat,  will  shi*w  signs  of  life  alter  submer- 

I  for  more  than  half  an  Imur  ;  while  Guinea-pigs,  which  are  born  with  the  eyes  open^ 
» much  more  active^  and  produce  a  greater  amount  of  heat^  will  not  live  mijre  than 
Mveo  minutes.  The  cause  of  tht^  peculiarity  bas  been  attributed  to  tlfe  existence  of 
tfa«  foramen  ovale,  enabling  the  blood  to  get  to  the  system  without  piissing  through 
llie  lungi^  by  those  who  regard  tlie  arrest  of  the  circulation  in  asphyxia  us  dnc  to  ob- 
itruetion  to  the  pulmonary  cinmlatlon  ;  but  this  explanation  is  not  sutficieut,  as  blocnl 
pgyMs  easily  through  the  lungs  in  asphyxia  and  is  obstructed  only  in  the  >iyst«?mic  capU- 
Uriet.  The  true  explanation  seems  to  be  that^  in  moi^t  warui-bloodcd  aninialSf  during  the 
wtaj  first  periuds  of  extra-uterine  life,  the  demands  on  the  part  of  tbo  eyt^tcm  f  - 

ir»  comparatively  slight.  At  this  time,  there  is  very  little  activity  in  the  pr^ 
natrition,  and  the  actual  consumption  of  oxygen  and  exhalation  of  carbonic  acid  aro 
much  below  the  usual  regular  standard  in  animals  of  this  class*.  In  fact,  their  condition  is 
KMnewbat  like  that  of  cold-blooded  animals.  The  actual  diflVrcnce  in  the  conjsumption 
of  oxygen  immediately  after  birth  and  at  the  age  of  a  few  days  is  suiMcient  to  eiplain 
the  remarkable  power  of  resisting  asphyxia  just  after  birth* 

One  of  the  most  interesting  tioestions,  in  a  practical  point  of  view,  connected  with 
thesnbjeot  of  asphyj^ia,  is  the  effect  on  the  system  of  air  vitiated  from  breathing  in  a 
ooofined  space.  There  are  here  several  points  which  present  themselves  for  constdera* 
tioii.  The  effect  of  respiration  on  the  air  is  to  take  away  a  certain  proportion  of  oxygen 
tad  to  add  certain  principles  which  are  regarded  as  deleterious.  The  emanation  which  is 
fenerally  regarded  as  having  the  most  decided  influence  upon  the  system  is  carbonic  acid* 
A  careful  review  of  the  most  reliable  observations  on  this  subject  shows  that  the  in- 
ilttcnce  of  carbonic  acid  is  generally  very  much  over-estimated.  In  poisoning  by  char- 
co&l-fumeik,  it  is  generally  carbtmic  oxide  which  is  the  active  principle.  Regnault  and 
lU-iset  expos^etl  doi^s  and  rabbits  for  many  hours  to  an  atmosphere  containing  twenty- 
ititvM  part's  pLT  hutMircd  of  carbonic  acid  artificially  introduced,  and  thirty  to  forty  parts 
of  oxygen,  without  any  ill  effects.  They  took  care,  however,  to  keep  up  a  constant  enp- 
plr  of  nxyt^'en.  These  experiments  are  at  variance  with  the  results  obtained  by  others, 
It  and  Reiset  exphiin  this  drtTcrence  by  the  supposition  that  the  gases  in  other 

lis  were  probably  impure,  containing  a  little  chlorine  or  carbonic  oxide*    There 

'  no  reason  to  doubt,  from  the  high  reputation  of  these  observers  for  skill  and  accuracy, 
r,"f  Tfur  experiments  are  perfectly  reliable  ;  and,  in  that  case,  they  prove  that  carbonic 
1.1  I'M-  not  act  upon  the  system  as  a  pf»ison.  This  view  is  sustained  by  the  observa- 
liuus  of  Bernard  with  carbonic  oxide^  which  is  known  to  be  excesiively  poisonous.  In 
sntTDsh  killed  by  this  ga3,  the  bh>od»  both  venous  and  arterial,  is  of  a  bright-red  color, 
irie  to  the  fixation  of  the  pas  by  the  bl  nod -corpuscle:^.  In  this  way,  the  red 
^'  \  ,  which  act  nonnally  as  respiratory  agents  carrying  oxygen  to  the  tissues,  are 

paralyzed,  and  the  animrd  dies  from  asphyxia.     We  ha^'c  alroa^ly  referred  to  this  remark- 
able affinity  of  the  red  corpnscles  fur  carbonic  oxide  ond  its  action  in  arresting  the  trans- 
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formation  of  oxjgen  into  carbonic  acid  in  the  blood,  in  treating  of  the  different  methods 
of  analysis  of  the  blood  for  gases,  and  have  shown  that  this  gas  is  the  proper  agent  to 
use  in  the  method  of  analysis  by  displacement. 

In  breathing  in  a  confined  space,  the  distress  and  the  fatal  results  are  produced,  in 
all  probability,  more  by  animal  emanations  and  a  deficiency  of  oxygen  than  by  the  pres- 
ence of  carbonic  acid.  When  the  latter  gas  is  removed  as  fast  as  it  is  produced,  the  effects 
of  dimiuntion  in  the  proportion  of  oxygen  are  soon  very  marked,  and  they  progressive- 
ly increase  until  death  occurs.  Bernard  has  shown  that  birds  enclosed  in  a  confined  space, 
from  which  the  carbonic  acid  is  carefully  removed,  will  gradually  consume  oxygen,  un- 
til, when  death  occurs,  the  proportion  is  reduced  to  from  three  to  five  parts  per  hun- 
dred. When  the  carbonic  acid  is  allowed  to  remain,  the  increased  density  of  the  atmos- 
phere interferes  with  the  difiusion  between  the  gases  of  the  blood  and  the  air,  and  death 
supervenes  with  greater  rapidity. 

The  influence  on  animals  of  emanations  from  the  lungs  and  general  surface  b  un- 
doubtedly very  considerable ;  and  this  fact,  which  almost  all  have  experienced  more  or 
less,  has  been  fully  and  painfully  illustrated  in  several  instances  of  largo  numbers  of  per- 
sons confined  Without  proper  change  of  air.  Overcrowding  is  one  of  the  most  prolific 
sources  of  disease  among  the  poorer  classes  of  society ;  and  there  are  many  forms  of  dis- 
ease prevalent  in  large  cities,  that  are  almost  unknown  in  the  rural  districts  and  that  can 
be  alleviated  only  by  proper  sanitary  regulations,  which,  unfortunately,  are  often  very 
difficult  to  enforce. 

In  crowded  assemblages,  the  slight  diminution  of  oxygen,  the  elevation  of  temperature, 
increase  in  moisture,  and  particularly  the  presence  of  organic  emanations,  combine  to 
produce  unpleasant  sensations.  The  terrible  eflects  of  this  carried  to  an  extreme  degree 
were  exerajjliticd  in  the  confinement  of  the  one  hundred  and  forty-six  English  prisoners, 
for  eight  hours  only,  in  the  '*  Black  Hole  "  of  Calcutta,  a  chamber  eighteen  feet  square, 
with  only  two  small  windows,  and  those  obstructed  by  a  veranda.  Out  of  this  number, 
ninety -six  died  in  six  hours,  and  one  hundred-and  twenty-three,  at  the  end  of  the  eight 
hours.  Many  of  those  who  immediately  survived  died  afterward  of  putrid  fever.  This 
frightful  tragedy  has  frequently  been  repeated  on  emigrant  and  slave  ships,  by  confining 
great  numbers  in  the  hold  of  the  vessel,  where  they  were  entirely  shut  out  from  the 
fresh  air.  This  subject  possesses  great  pathological  interest ;  the  eflects  of  an  insufficient 
supply  of  air  and  tlio  accunmlation  in  the  atmosphere  of  animal  emanations  being  very 
important  in  connection  with  the  cause  and  prevention  of  many  diseases. 

T!»e  condition  of  the  system  lias  a  marked  and  important  influence  on  the  rapidity 
with  wliioh  tlie  eiVects  of  vitiated  atmosphere  are  manifested,  as  we  should  anticipate 
from  what  we  know  of  the  variations  in  the  consumption  of  oxygen  under  different  con- 
ditions. A-«  a  rule,  the  immediate  eflects  of  confined  air  are  not  so  rapidly  manifested  in 
weak  and  dohilitatc'd  persons  as  in  those  who  are  active  and  powerful.  It  has  sometimes 
been  observed,  in  cases  where  a  male  and  female  have  attempted  suicide  together  by  tlie 
fumes  of  charcoal,  that  the  female  may  bo  restored  some  time  after  life  is  extinct  in  the 
male.     This  is  probably  owinir  to  the  greater  demand  for  oxygen  on  the  part  of  the  male. 

The  following  interesting  fact  is  reported  by  Bernard,  showing  the  relative  power  of 
resistin<^  as;)hyxia  in  health  and  disease  : 

"  Two  young  persons  were  in  a  chamber  warmed  by  a  stove  fed  with  coke.  One  of 
them  was  seized  with  asphyxia  and  fell  unconscious.  The  other,  at  that  time  suffering: 
with  typhoid  fever  and  confined  to  the  bed,  resisted  suflficiently  to  be  able  to  call  for  help. 
We  know  already  that  this  resistance  to  toxic  influences  is  manifested  in  animals,  when 
they  are  made  sick ;  we  here  have  the  proof  of  the  same  phenomenon  in  man.  As  for  the 
one  who,  in  jrood  healtli,  had  experienced  the  effects  of  the  commencement  of  poisoning, 
she  had  a  paralysis  of  the  left  arm,  which  was  not  completely  cured  at  the  end  of  six 
months.^' 

When  poisoning  by  confined  air  is  gradual,  the  system  becomes  somewhat  accustomed 
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fertile  loxie  in^aence,  the  temperature  of  the  body  h  lowered,  and  an  animal  will  li^e  in 
ta  liaM]9pb«re  which  will  produce  instantaneous  death  iii  one  that  is  frealt  and  vT^'orcms. 
Bifliafd  has  made  a  number  of  curious  and  instructive  experiments  oq  this  poiut.  In 
MIC  of  Ibem  a  pparrow  was  contined  under  a  bell-glass  for  one  hour  and  a  half,  at  the 
tfid  of  which  time  anotber  was  introduced,  the  first  Imn^  Btill  tiuit**  vigoruus.  Tbe  siecond 
hacADM  Instantly  mucb  distressed  and  died  iu  five  minates;  but,  ten  minutes  after,  Ibe 
i^tffow  which  had  been  confined  for  more  than  an  hour  and  a  half  was  releast-d  and  dew 
cvaj»  TJia  p*nnt*  to  wbicb  we  bave  aUaded  bav^i  been  continued  ami  the  observations 
HQltT'  k^d  by  the  more  recent  rc-'^earches  of  Bert.    This  is  simply  deuionbtrutinii, 

with  CA^  1  accuracy,  a  fact  of  wbich  we  are  all  cons**  lotw;  for  it  h  well  known 

lb»t«  g<na^  from  the  frenb  air  iuto  a  c]o30  room,  we  experience  a  malaim  wbicb  i*i  not 
Idt  hj'  iho^t  who  have  been  in  tbo  room  for  a  length  of  tiiiie  nnd  wLose  emimjitiniks  Imvtd 
nsi^lttd  tbe  atmosphere. 
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K-  iIm  orpanidin  of  animals,  every  part  is  continually  anderyoing;  what  may  be  called 
j«^ical  ilecay  ;  the  organic  nitrogenized  principles  are  being  constantly  trimsformed 
t.!<j  'liete  matter;  and,  as  thc&e  constituents  never  exist  without  inorganic  principles,  with 
vkth  thry  are  cluscly  and  inseparably  united,  it  is  found  that  the  products  of  llieir  decay 
«  %h  i  from  the  body  in  combination  with  iDorganic  niattera.    Tfdft  pro- 

am  of  i.  .i;,'t»  is  a  necessary  and  an  inevitable  condition  of  life.    Its  activity  may 

U  berraaed  or  retard  oil  by  various  means,  but  it  cannot  be  arrested,     Tiie  excremen- 
lilixj»  r.nnciples  which  are  thuii  formed  are  produced  constantly  by  the  tissues  and  must 
ily  removed  from  the  organism,  otherwise  they  accumulate  and  induce  serious 
ions.    Examples  of  this  are  found  in  those  diseases  of  the  kidney*  which  in- 
ihe  climinatiun  of  urea,  producing  ura?mic  poisoninj^,  and  in  diseases  of  th© 
rlX^re  with  tbo  elimination  of  cholcsterine,  givinj?  ri^o  to  cholctitera'mia. 
fn^ui  the  auiftunt  of  matter  that  is  daily  dificbar^ed  from  the  body, 
li^a&^inulation,  as  it  Is*  called^  must  bo  xi^ry  active.     Its  constant 
n  constant  appropriation  of  new  matter  by  tlic  parts,  in  order  that 
Iky  stay  maintain  their  intefjjrity  of  composition  and  be  always  ready  to  perform  ibeir 
ftittioo*  m  th4J  ectm<iiny,    Tlui  blood  contains  all  the  princi[des  necessary  for  the  reiteu- 
I  of  lb€»  organism.     Ita  inorganic  constituents  are  (generally  found  in  the  form  in 
I  tkivj  citi*t  in  the  substimce  of  the  tissues;  but  the  organic  principles  of  the  parts 
I  igvmed  in  tlio  snb^ttmce  of  the  tissues  themselves^  by  ii  transformation  of  material 
bed  by  tho  bJnod.     Tlie  [iliysinlogical  decay  of  the  organism  is,  tiicrcfore,  being 
Ily  repaired  by  the  blood ;  but,  in  order  to  keep  the  great  nutritive  fluid  from 
;  impoTorishi'd,  the  materials  which  it  is  constantly  losing  rau&t  be  supplied  from 
out  of  the  bo«ly,  and  this  neoessitates  the  ingestion  of  matters  wbich  are 
Dws  »•  food*     FotitI  is  taken  into  the  body  in  obedience  to  a  want  on  the  part  of  the 
,  vluch  ia  expressed  by  the  sensation  of  hunger,  when  it  relates  to  solid  or  seml- 
matlcTB,  and  th»r«t  when  it  relates  to  water.     As  these  sensations  constitute  the 
of  the  introduction  of  materials  capable  of  regenerating  the  blood,  their 
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consideration  naturoUy  precedes  the  study  of  digestion,  the  process  bj  which  the  articles 
of  food  are  prepared  for  absorption  and  appropriation  by  the  circulating  fluid. 

Hunger  and  Thirst 

The  terra  hunger  may  be  applied  to  all  degrees  of  that  peculiar  want  felt  by  the  sys- 
tem which  induces  the  ingestion  of  nutritive  principles.  Its  first  manifestations  are,  per- 
haps, best  expressed  by  the  term  appetite ;  a  sensation  by  no  means  disagreeable,  and 
one  which  may  bo  excited  by  the  sight,  smell,  or  even  the  recoUection  of  savory  articles, 
at  times  when  it  does  not  absolutely  depend  on  a  want  in  the  system.  In  the  ordinary 
and  moderate  development  of  the  appetite,  it  is  impossible  to  say  that  the  sensation  is 
referable  to  any  distinct  part  or  organ.  It  is  influenced  in  some  degree  by  habit ;  in 
many  persons,  the  feeling  being  experienced  at  or  near  the  hours  when  food  is  ordinarily 
taken.  If  not  soon  gratified,  the  appetite  is  rapidly  intensified  until  it  becomes  actual 
hunger.  Except  when  the  quantity  of  food  taken  is  unnecessarily  large,  the  appetite 
simply  disappears  on  the  introduction  of  food  into  the  stomach  and  gives  place  to  the 
Ati\i:iM  of  satisfaction  w!iich  accompanies  the  undisturbed  and  normal  action  of  the  diges- 
tive organs ;  or,  in  those  who  are  in  the  habit  of  engaging  in  absorbing  occupations  at 
that  time,  the  only  change  experienced  is  the  absence  of  desire  for  food.  The  sense  of 
oppression  and  fulness  which  attends  over-distention  of  the  stomach  is  simply  superadded 
to  the  feeling  of  satisfaction  of  the  appetite,  of  which  it  is  not  a  necessary  part. 

In  man,  the  appetite  is  usually  manifested  in  a  marked  degree  at  least  twice,  and 
generally  three  times  in  the  twenty-four  hours.  In  this  country,  food  is  commonly 
taken  three  times  daily.  In  childhood,  when  the  system  demands  material,  not  only  for 
the  repair  of  worn-out  parts  but  for  growth,  food  is  generally  taken  oftener  and  in 
larger  relative  quantity  than  in  the  adult.  The  infant  should  satisfy  the  appetite  at  least 
six  or  seven  times  in  the  twenty-four  hours ;  and  nothing  has  a  more  serious  influence 
upon  the  development  of  the  growing  child  than  bad  quality  or  a  restricted  quantity  of 
food. 

It  has  been  observed  that  children  and  old  persons  do  not  endufo  deprivation  of  food 
so  well  as  adults.  This  fact  was  noted  by  M.  Savigny,  in  the  case  of  the  wreck  of  the 
frigate  Medusa.  After  the  wreck,  one  hundred  and  fifty  persons,  of  all  ages,  were 
exposed  on  a  ratt  tor  thirteen  days  with  hardly  any  food.  Out  of  this  number  only 
fifteen  survived,  among  them  M.  Savigny ;  and  the  children,  young  persons,  and  the  aged, 
were  the  first  to  succumb. 

Important  modifications  in  the  appetite  are  due  to  temperature.  In  cold  climates, 
and  during  the  winter  season  in  tdl  climates,  the  desire  for  food  is  notably  increased,  and 
the  tastes  are  somewhat  modified.  Animal  food,  and  i)articularly  fats,  are  more  agree- 
able at  that  time,  and  the  quantity  of  nutriment  which  is  demanded  by  the  system  is 
then  considerably  greater.  In  many  persons,  the  ditfereuce  in  the  appetite  in  warm  and 
cold  seasons  is  very  marked. 

Exercise  and  occupation,  both  mental  and  physical,  when  not  pushed  to  the  point  of 
exhaustion,  increase  the  desire  for  food  and  undoubtedly  facilitate  digestion.  Certain 
articles,  especially  the  vegetable  bitters,  taken  into  the  stomach  immediately  before  the 
time  when  food  is  habitually  taken,  frequently  have  the  same  efi'ect ;  while  other  articles, 
which  do  not  satisfy  the  requirements  of  the  system,  have  a  tendency  to  diminish  the 
desire  for  food.  Many  articles  of  the  materia  medica,  especially  preparations  of  opium, 
have,  in  some  persons,  a  marked  influence  in  diminishing  the  appetite.  The  abuse  of 
alcoholic  stimulants  will  sometimes  take  away  all  desire  for  food.  When  hunger  is 
pressing,  it  has  been  observed  that  tobacco,  in  those  who  are  accustomed  to  its  use,  will 
frecjuently  allay  the  sensation  for  a  time.  When  the  system  has  been  badly  nourished 
from  any  cause,  as  after  prolonged  abstinence  or  in  recovery  from  an  exhausting  dis- 
ease, hunger  is  generally  pressing  and  almost  constant;  and  this  continues  until  the 
organism  has  regained  its  normal  condition.     Under  these  circumstances,  the  ingestion 
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^  food,  ef  CD  in  unnsnalij  large  qnantttj^  has  but  a  momentary  effect  in  appeasing  tlie 
petifc;  showing  thai,  nlthoogh  the  feeling  of  satiety  wliicb  follows  the  intrudiiotion  of  a 
aent  quantity  of  food  int43  the  stomaeh  is  experienced,  the  system  still  feek  the  want 
f  nonriiibment,  and  this  want  is  expressed  by  an  almost  immediate  recurrence  of  the 
Tfipetite. 

If  food  be  not  taken  in  obedience  to  the  demands  of  the  system  as  eatpreased  by  tlie 
the  sen^ition  of  hanger  becomes  most  distressing.  It  is  then  manifosted  by  a 
and  indescribable  sensation  in  the  sUmiach^  which  soon  becomes  devfdoped  lnt«> 
actual  pain.  This  Is  generally  accompanied  by  intense  pain  in  die  heatl  and  a  feeling  of 
general  diiftresa,  which  soon  render  the  satisfaction  of  this  imperative  demand  on  the 
part  of  the  system  the  absorbinji^  idea  of  existence.  Starvation  overcomes,  in  many 
iaatancea,  every  moral  and  intellectual  feeling  and  gives  full  play  to  the  purely  animal 
iastincts^  Furious  delirium  frequently  supervenes  after  a  tew  days  of  complete  absti- 
fteoca;  and  this  is  generally  the  immediate  precursor  of  death.  It  is  unnecessary  to  cite 
soy  of  the  numerous  instances  in  which  murder  and  cannibalism  are  resorted  to  when 
rtarvation  is  imminent;  suffice  it  to  say^  that  the  extremity  of  hunger  or  of  thirst,  like 
the  sense  of  impending  snffocation,  is  a  demand  on  the  i>art  of  the  system  so  itnperative, 
that  it  maift  bo  satisfied  if  within  the  range  of  possibility.  There  have  been  instances  of 
iabfirue  resignation  in  the  face  of  this  terrible  agony,  but  these  are  rare  in  comparison 
with  the  examples  of  frightful  expedients  to  satisfy  the  demands  of  Nature. 

The  i^uestion  of  lla-  seat  of  tlie  sense  of  hunger  is  one  of  considerable  physiological 
intefc^f.     "^^'ben  we  say  that  it  is  instinctively  referred  to  the   stomach,  it  is  eiinply 
( he  fact  that  the  sensation  is  of  a  nature  to  demand  tlie  introduction  of  food 
ii  uentnry  cana).     The  sense  of  the  want  of  air  demands  the  introduction  of  fresh 

air  into  the  htngs;  but,  though  air  be  inspired,  if  any  thing  interfere  with  its  passage  to 
th*  system  by  the  blood,  the  demand  for  oxygen  la  imsatisfied.  It  has  been  shown  that  the 
real  seat  of  the  respiratory  sense  is  in  the  general  system,  and  that  this  is  referred  to  the 
iaogs  because  it  is  necessiirily  by  the  introduction  of  air  ioto  these  organs  that  the  want 
b  m*?t.  The  same  principle  is  manifested,  in  a  manner  no  less  distinct,  with  regard  to 
r  'U  and  assimilation  of  food.     When  the  system  is  Buffering  from  defective 

L  IS  after  prolonged  abstinence  or  during  recovery  from  diseases  which  have 

been  accompanied  by  lack  of  assimilation,  the  mere  filling  of  the  stomach  prmlnces  a 
fi*^03ation  of  repletion  of  this  organ,  but  the  sense  of  hunger  is  not  relieved;  but*  if,  on  the 
ether  hand,  the  nutrition  be  active  and  sufficient,  the  stomach  is  frequently  entirely 
empty  for  a  considerable  time  without  the  development  of  the  sense  of  hunger.  The 
following  observation  boars  strongly  on  tliis  point:  In  a  dog  with  a  fii^tula  into  the  gall- 
bladder, the  bile-duct  having  been  tied  and  partly  exsected,  digestion  was  so  mm-ii  inlCT- 
fcred  with  that  death  from  inanition  took  place  in  thirty-eight  days ;  anl,  although  the 
animal  to<jk  tuod  abundantly,  the  appetite  was  voracious  and  never  sjitisfied*  The  same 
pb^oomenon  has  somvtirnes  been  observed  in  cases  of  diabetes  accompanied  with  great 
dt^ficieucy  of  a§*^inii)ation.  The  appetite  is  preserved  and  hunger  is  felt  by  persons  who 
ttuiffr  from  extensive  organic  disease  of  the  stomach,  and  the  sensation  has  been  occa- 
«onally  relieved  by  nutritious  enemata  or  by  it\iections  into  the  veins. 

An  int,eresting  and  curious  case  has  been  reported  by  Prof,  Buscli,  of  Bonn,  which 
points  almost  conclusively  to  a  want  of  assimilation  of  nutritive  mntter  by  the  gen- 
eral system  as  tlie  main  cause  of  the  sensation  of  hunger.  In  this  case,  which  will  be 
more  fully  detailed  hereafter,  tliere  existed  a  fistula  into  what  appeared  to  be  the  upper 
third  of  the  small  intestine,  The  patient  was  a  woman,  thirty-one  years  of  age,  who» 
in  the  sixth  month  of  her  fourth  pregnancy,  received  the  iiyury  which  resulted  in  the 
fistnlous  opening,  by  being  tossed  by  a  bull,  one  of  the  horns  penetrating  the  abdomen* 
She  was  seen  by  Prof.  Bnsch  six  weeks  after  the  iiyury,  at  which  time  every  thing  taken 
into  the  fltomach  passed  at  the  upper  opening  of  the  fistula.  Although  the  patient  took 
food  in  large  quantity,  she  became  extremely  emaciated  and  weak.     *'  The  patient  at 
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firs^t  hud  a  most  yoraciood  appetite ;  she  never  felt  satisfied.  She  eontinQed  to  eat,  even 
when  the  first  portions  of  food  which  she  had  taken  were  escaping  through  th«  opening. 
She  would  then  aay  that  she  felt  better,  but  was  still  hungry.  *  Prof.  Buseh  infers  that 
hnngt^r  is  composed  of  two  separate  sensations — one  genera],  the  other  lot-id ;  the  former 
resulting  from  tin?  want  of  materiaJ  to  aupply  the  waate  of  tiasoe/'  Such  lacta  render 
it  certain  that  the  appetite  and  the  sense  of  hunger  are  exprefldons  of  a  general  want  on 
the  part  of  the  system,  reterred  by  our  sensations  to  the  stomachy  but  really  loait4^  in 
the  general  system.  This  want  can  only  be  completely  satisfied  by  the  ahsorptioin  of 
digested  alimentary  matter  by  the  blood  and  its  assimilation  by  the  tissues. 

The  sense  of  hunger  is  undoubtedly  appreciated  by  the  cerebrum,  and  it  ha«  been  a 
qnestion  whether  there  be  any  special  nerves  which  have  the  function  of  conveying  tiiia 
Impression  to  the  great  nervous  centre.  The  nerve  which  would  naturally  be  flnpfK)sed  to 
pOftseflsthis  function  is  the  pneumogastric ;  but,  notwithstanding  certain  observations  to 
the  contrary,  it  bos  been  [»roven  tliat  section  of  both  of  tliese  nerves  by  no  means  aboHsljes 
the  desire  for  food.  Longet  ha^  observed  that  dogs  eat,  apparently  with  satisfaction, 
After  section  of  tlie  glosso-pharyngeaJ  and  lingual  nerves.  This  observer  is  of  the  opinion 
that  the  sensation  of  hanger  is  conveyed  to  the  brain  through  the  sympathetic  systetn* 
Although  there  are  various  considerations  which  render  this  somewhat  jjrolmble,  it  is 
not  apparent  how  it  could  be  demonstrated  experimentiilly.  It  is  undoubtedly  the  sym- 
pathetic system  of  nerves  which  presides  specially  over  nutrition ;  and  hunger,  which 
depends  ui>on  deficiency  of  nutrition,  is  certainly  not  conveyed  to  the  brain  by  any  of  the 
oerebrO'Spinal  nerves. 

Tliirst  is  the  special  sensation  which  induces  the  ingestion  of  water.  In  its  moderate 
development,  this  is  usually  an  indefinite  feeling,  accompanied  with  more  or  less  sense 
of  dryness  and  heat  of  the  throat  and  fauces,  and  sometimes,  after  the  ingestion  of  a 
quantity  of  very  dry  food,  by  a  peculiar  sensation  j-eferred  to  the  stomach.  Whcn^to 
sensation  of  thirst  has  become  intense,  the  immediate  satisfaction  which  follows  the 
ingestion  of  a  liquid,  particularly  w^ater,  is  very  groat  Thirst  is  very  much  under  tliC 
influence  of  habit,  some  persons  experiencing  a  desire  to  take  liquids  only  two  or  three 
times  daily,  wliile  others  do  so  much  more  frequently^  The  sensation  is  also  sensibly 
infiuenccd  by  the  condition  of  the  atmosphere,  as  regards  moisture^  by  exercise^  and 
by  other  circumstances  which  influence  the  discharge  of  water  from  tlie  body,  particularly 
by  the  skin.  A  copious  loss  of  blood  is  always  followed  by  great  thirst.  This  we  have 
frequently  noticed  in  the  inferior  animals.  After  an  operation  involving  haemorrhage, 
they  nearly  always  drink  with  avidity  as  soon  as  releasetl.  In  diseases  which  are  charac- 
terized by  increased  discharge  of  liquids,  thirst  is  generally  excessive. 

The  demand  on  the  part  of  the  system  for  water  is  much  more  imperative  than  for 
Bolide;  in  this  respect  being  only  second  to  the  demand  for  oxygen.  Animals  will  live 
much  longer  deprived  of  solid  fcxwl  but  allowed  to  drink  freely  than  if  deprived  of  both 
food  and  drink.  A  man,  supplied  with  dry  food  but  deprived  of  water,  will  not  survive 
more  than  a  few  days.  Water  is  necessary  to  the  function  of  nutrition,  and  acts^  more- 
<>ver,  as  a  sulvcnt  in  removing  from  the  system  the  products  of  disassimiJation. 

After  deprivation  of  water  for  a  considerable  time,  the  intense  tbim  becomes  moat 
agoniring.  The  dryness  and  heat  of  the  throat  and  fauces  are  iuerensed  and  accom- 
panied by  a  distressmg  sense  of  constriction,  A  general  febrile  condition  supervenes,  tlie 
blood  is  diminished  in  quantity  and  becomes  thickened,  the  urine  is  scanty  and  scalding^ 
and  tliere  seems  to  be  a  condition  of  the  principal  \iscera  ap[>roaeliing  intlammation. 
Death  takes  place  in  a  few  days,  generally  preceded  by  delirium. 

The  sensation  of  thirst  is  instinctively  referred  to  the  mouth,  throat,  and  fauces ;  but 
it  is  not  necessarily  appeased  by  the  passage  of  water  over  these  parts,  and  it  may  be 
effectually  relieved  by  the  introduction  of  water  into  the  system  by  other  channels,  as  by 
ifViecting  it  into  the  veins.  Hernard  has  demonstrated,  by  the  following  experiment,  that 
natcr  must  be  absorbed  btsfore  the  dem.inda  of  the  system  can  be  satisfied :  He  made  an 
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opening  into  the  CBaopIiagna  of  a  horse,  tied  the  lower  portioD,  and  allowed  the  ftnimal 
tij  drink  after  he  had  been  deprived  of  water  for  a  numher  of  hours*  The  aninial  drank 
ifl  immenae  qnantitj,  bat  the  water  did  not  pass  into  the  stomachy  and  the  thirst  was 
nol  rtlieved*  He  modified  this  experiment  by*  causing  dogs  to  drink  with  a  listnlous 
opening  into  the  stomach  by  which  tlie  water  was  immediately  dbchargcd.  Thej  con- 
tinued to  drink  without  being  aatisfied,  until  the  fistula  was  closed  and  the  water  eonld 
be  absorbed.  We  have  often  repeated  the  hl^t^:-r  experiment  in  public  demonstrations.  In 
one  of  these  particularly,  the  animal  drank  repeatedly  uQlil  he  had  taken  several  quarts 
of  water,  only  ceasing  from  fatigue  and  soon  recommencing ;  hut,  bo  ftoon  as  the  fistula 
was  closed,  he  drank  a  moderate  quantity  and  was  satisfied. 

In  a  case  reported  by  Dr.  Gairdner,  of  Edinburgh,  in  the  human  subject,  all  the 
swallowed  passed  out  at  a  woimd  in  the  neck  by  which  the  cesc^phagus  had  lie  en  cut 
The  tlnrst  in  this  case  was  insatiable,  although  buckets-full  of  water  were  taken  in 
the  dAy;  but,  on  injecting  water^  mixed  with  a  little  spirit,  into  the  stomach,  the  sen- 
ktloQ  wa«  soon  relieved.     This  observation  was  made  in  1820,  long  before  the  experi* 

ita  just  referred  to  upon  the  inferior  animals. 

Althongh  the  sensation  of  thirst  is  referred  to  special  parts,  it  is  an  expression  of  the 
wint  of  fluids  in  the  system  and  is  to  bo  etFoctually  relieved  only  by  the  absorption  of 
tinidd  hj  the  blood.  There  are  no  nerves  belonging  to  the  cerebro-«piaal  sy.stcm  which 
hare  the  office  of  carrying  this  sensation  to  the  brain,  division  of  which  will  abolish  the 
demd  for  liquids.  Experiments  show  that  no  etlecttml  relief  of  the  sensation  is  afforded 
by  ttmpljr  moistening  the  part-^  to  wLich  the  heat  and  dryness  are  referred.  As  a  demand 
on  the  part  of  the  system,  it  is  eutirely  analogous  to  the  sense  of  want  of  air  and  of 
hanger,  differing  only  in  the  way  in  wlach  it  is  manifested. 

After  a  certain  period  of  inanition,  febrile  inovement  and  general  agitation  occur, 
and  there  is  almost  always  disturbance  of  tho  mental  faculties,  amounting  sometimes  to 
fonoua  delirium.  Frequently,  however,  tiio  delirium  is  of  a  inild  character,  with  halhi- 
ions.     There  are  cases  in  which  there  is  no  marked  mental  disturbance,  but  these 

generally  in  persons  who  voluntarily  snffer  starration. 

The  length  of  time  that  life  continues  after  complete  deprivation  of  food  and  drink  is 
Twy  variable.     Tlie  influences  of  ago  and  obesity  Lave  already  been  referred  to.     With* 

citing  the  numerous  individual  instances  of  starvation  in  the  human  subject  which 
tve  been  reported,  it  may  be  stated,  in  general  terms,  that  death  occurs  after  frt»ra  five 
to  eight  days  of  total  deprivation  of  food.  In  18M,  one  hundred  and  fifty  persons, 
wn^ekod  on  the  frigate  Medusa,  were  exposed  on  a  raft;  in  the  open  sea  for  thirteen  days. 
At  the  end  of  this  time  only  fifteen  were  fnund  alive.  One  of  the  survivors,  M.  Savigny, 
,?e,  in  an  inaugural  thesis,  a  very  instructive  and  accurate  account  of  this  occurrence, 
hich  has  been  very  generally  quoted  in  works  of  [diysiology.  Authentic  instances  are 
d  in  which  life  ha«  been  prolonged  much  beyond  the  period  above  mentioned;  but 
genenilly  occurred  in  persons  who  were  so  situated  as  not  to  suffer  from  cold, 
v^hich  tlie  system,  under  this  condition,  has  very  little  power  to  resist.  In  these  coses, 
»l*o,  there  was  no  muscolar  exertion,  and  water  was  generally  taken  in  abundance.  All 
u(  three  circumstances  have  an  important  influence  in  prolonging  life. 

Berard  quotes  the  example  of  a  convict  w!io  died  of  starvation  after  sixty-three  days, 
l«T]l  in  this  case  water  was  taken.  An  instance  of  eight  miners  who  survived  after  five 
•lays  and  sixteen  hours  of  almost  complete  deprivntiun  of  food  is  referred  to  in  works 
nj)on  physiology.  Berard  also  quotes  from  various  authorities  instances  of  deprivation 
of  foitd  fur  periods  varying  from  four  months  to  sixteen  years.  All  of  the  subjects  were 
fcmalca,  and  tho  histories  of  such  cases,  reports  of  which  are  by  no  means  uncommon, 
belung  properly  to  psychology,  as  they  undoubtedly  are  examples  of  that  morbid  desire 
to  eicitt?  sympathy  and  interest,  which  is  sometimes  observed  nnd  which  leads  to  the 
most  adroit  and  persevering  efforts  at  deception- 

From  thirty  to  thirty*five  days  may  bo  taken  as  the  average  duration  of  life  in  dogs 
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deprived  entirely  of  food  and  drink.    This  fact  it  is  important  to  bear  in  mind  in  con- 
nection with  observations  on  the  nutritive  value  of  different  articles  of  food. 

Alimetitatioji, 

Under  tlie  name  of  aliment,  in  its  widest  signification,  it  is  proposed  to  inclnde  all 
articles  composed  of  or  containing  elements  in  a  form  which  enables  them  to  be  need 
for  the  nourishment  of  the  bodj,  either  by  being  themselves  appropriated  by  the  or- 
ganism, by  influencing  favorably  the  process  of  nutrition,  or  by  retarding  disassimila- 
tion.  Those  principles  which  are  themselves  appropriated  may  be  called  direct  aliments; 
and  those  which  simply  assist  nutrition  without  contributing  reparative  material, 
together  with  those  which  retard  disassimilation,  may  be  termed  accessory  aliments. 
By  this  definition  of  aliment,  nothing  is  excluded  which  contributes  to  nutrition.  The 
air  must  be  considered  in  this  light,  as  well  as  water  and  all  articles  which  are  com- 
monly called  drinks. 

In  the  various  articles  used  as  food,  nutritious  elements  are  frequently  combined  with 
each  other  and  with  indigestible  and  non-nutritious  matters.  The  elements  of  the 
food  which  are  directly  used  in  nutrition  are  the  true  alimentary  principles,  embracing, 
thus,  only  those  principles  which  are  capable  of  absorption  and  assimilation.  The 
ordinary  food  of  the  warm-blooded  animals  contains  alimentary  principles  united  with 
innutriiious  substances  from  which  they  are  separated  in  digestion.  This  necessitates  a 
complicated  digestive  apparatus.  In  some  of  the  inferior  animals,  the  quantity  of  nu- 
tritious material  forms  so  small  a  part  of  the  food  that  the  digestive  apparatus  is  even 
more  complicated  than  in  the  human  subject.  This  is  especially  marked  in  the  herbivora, 
the  flesh  of  which  forms  an  important  part  of  the  diet  of  man.  In  addition  to  what  are 
distinctly  recognized  as  alimentary  principles,  food  contains  many  substances  having  an 
important  influence  on  nutrition,  which  have  never  been  isolated  and  analyzed,  but 
which  render  it  a.irreeable.  Many  <if  these  principles  are  developed  in  the  process  of 
cookinfr.  They  will  be  considered,  as  far  as  practicable,  in  connection  with  the  diflercnt 
articles  of  diet. 

The  alimentary  principles  belong  to  the  inorganic,  vegetable,  and  animal  kingdoms, 
and  are  generally  divided  into  the  following  classes: 

1.  Ortranic  nitrogenized  principles  (albumen,  fibrin,  caseine,  musculine,  etc.),  belong- 
ing to  the  animal  kingdom,  and  vegetable  nitrogenized  principles,  such  as  gluten  and 
legumine. 

2.  Organic  non-nitrogenized  principles  (sugars,  fats,  and  starch). 

3.  Inorganic  principles. 

Xitrorjcnized  AV.mentanj  Principles. 

In  the  nutrition  of  certain  classes  of  animals,  these  principles  are  derived  exclusively 
from  tlie  animal  kin,^'doin,  and  in  others,  exclusively  from  the  vegetable  kingdom ;  but 
in  man,  who  is  onmivorous,  both  animals  and  vegotahlos  contribute  nitrogenized  material. 
In  both  animal  and  vepetablo  food,  these  ])rinciples  are  always  found  combined  with 
inor^'anic  matters  (water,  chloride  of  sodium,  the  phosphates,  sulphates,  etc.),  and  fre- 
quently with  non-nitrogenized  principles  (sugar,  starch,  and  fat). 

Jifu-ttatUnc. — Of  the  different  nitrogenized  princij'les  used  as  food,  musculine,  albumen, 
caseine,  and  fihrin  are  the  most  hnportant.  Musculine,  the  organic  i>rinciple  which  forms 
the  bulk  of  the  muscular  substance,  is  perhaps  the  must  important  and  abundant  article 
of  this  class.  This  substance  is  always  united  with  more  or  less  inorganic  matter,  which 
cannot  he  se])arated  without  incineration.  The  flesh  of  different  animals  presents  wide 
ditferences  in  g«noral  api)earance,  in  nutritive  proi)erties,  and  in  flavor,  which  become 
more  marked  after  the  formation  of  the  odorous.  emi)yreumatic  substances  which  are 
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in  eooking;  but  the  organio  principle  of  all  of  them  is  innsoMline.  Muscular 
tissQtf  id  rendered  much  more  digestiblti  bj  cookiug,  a  process  which  serves  to  disin- 
t<ynU«i  to  A  certAm  extent,  the  intermuscular  areolar  tissue  and  facilitates  the  action  of 
IIm  iSgCitiTe  fluids.  The  savors  developed  in  this  process  have  a  decidedly  favorable 
iotfoeiied  on  the  seeretion  of  the  gastric  juice.  It  Is  doubtful  whether  pure  musculin© 
rnmtd  he  capable  of  supporting  life  for  a  loog  period;  but  the  muscuiur  tissue  has  been 
5howni  hj  experiment  to  be  sufficient  for  the  purposes  of  nutrition,  in  the  camivora,  and 
tt  undoubtedly  is  in  roan. 

Of  all  kintis  of  m\iscular  tissue,  beef  possesses  tlie  greatest  notritivo  power.  Other 
rari«Uea  of  deeh,  even  that  of  birds,  fishes,  and  animals  ta  a  wild  folate,  do  not  present 
MXk  appreciable  difference^  as  far  aa  can  be  ascertained  by  chermcul  anjdysis ;  but  when 
tikan  daily  for  a  long  time,  tliey  become  distasteful,  the  aj>i)etite  fails,  and  the  system 
M^aia  to  demand  a  change  of  diet.  Tlie  tlesb  of  carnivorous  aiiinial?^  is  rarely  used  aa 
food;  and  animals  that  feed  up4jn  animal  as  well  as  vegetable  food,  such  as  pigs  or 
(Inckii,  ac'iuire  a  disagreeable  flavor  wh*^n  the  diet  is  not  strictly  vegetable. 

AU^mm, — ^This  is  an  alimentary  principle  hardly  second  in  importance  to  musculine. 
M  AD  article  of  diet,  it  is  chiefly  found  in  tlie  white  of  egg,  where  it  exists  in  great 
^aanttty  and  is  combined  with  a  variety  of  inorganic  substances.  Althougb  an  important 
iHrnentary  principle,  it  cannot  meet  all  the  nutritive  requirements  of  the  organism. 
Komerooa  observations  on  the  inferior  animals  have  shown  that  pure  albumen  will  not 
■rtUQ  life.  Tbe  egg  of  the  fowl,  however,  containing,  in  addition  to  albumen,  a  large 
qoantitj  of  inorganic  matt*fr,  the  fatty  matter  of  the  vulk,  aud  other  organic  principles, 
ii  a  most  nutritions  article  of  food.  The  albaminoid  matters  constitute  the  great 
DutritiTC  nitrogenized  principles  of  the  blood  and  are  the  substances  into  whicli  all  the 
principles  of  this  class  which  exist  in  food  are  converted  before  they  are  applied  to  the 
autrition  of  the  tisanes. 


CM&inf,-^ At  a  certain  period  of  life,  caseino  constitutes  essentiaUy  the  sole  nitrogenijsed 
tttiGld  of  food.  It  is  found  i>nly  in  milk,  and  it  exists  largely  in  the  great  variety  of 
dlMacfi,  which  are  manufactured  from  milk.  In  addition  to  caseine,  milk  contains  butter, 
iogv,  and  a  variety  of  inorganic  principles.  Milk  is  capable  of  supplying  material  for 
ih^  nourishfneDt  of  all  parts  of  the  organism^  caseino  furnisliing  the  nitrogenixed  prin- 
ciple.   In  the  form  of  cheese,  caaeine  constitutes  an  important  article  of  fomL 


I^rin, — Fibrin  b  by  no  means  so  important  an  Rrticleof  diet  as  those  jnat  considered, 
it  very  seldom  forniK  any  com»iderablo  part  of  our  food    The  same  may  be  s»aid  of 
i€  other  principles  of  thin  cluss,  such  as  globiiline.  w^hieli  is  the  organic  primiple  Q)f  the 
-corpuscles,  vitelline,  a  principle  peculiar  to  the  yolk  of  tlie  egg,  ostcine  and  cur- 
e.    Tbe  liist  two  substances  are  generally  taken  after  they  have  undergone  pecnliar 
modifications  In  cooking,  when  they  are  known  hj  other  names. 


^Bd   it 

B^:m 


GehUifie  aiul  Chondrlney  etc, — After  prolonged  boiling,  the  organic  principles  of  the 
lioneSt  integuments,  areolar  tissue,  tendons,  and  other  structures  composed  of  the  white 
fhrons  tissue,  are  dissolved  and  transformed  into  a  new  substance  which  is  called  gelatine. 
Cutilage  treated  in  the  same  way  is  in  great  part  converted  into  chondrine.  The  prin- 
ciples thus  formed  are  soluble  in  hot  water,  rendering  it  slightly  viscid,  but  on  cooling  the 
whole  mass  becomes  of  a  more  or  less  gelatinous  consistence,  according  to  the  <jnantity  of 
gelatine  that  is  present,  A  considerable  quantity  of  inorganic  matter,  particularly  phoa- 
l^hale  of  lime,  is  always  present  in  combination  with  gelatine. 

Gelatine  and  chondrine  present  slight  differences  as  regards  their  chemical  reactions, 
IB  other  respects  being  nearly  identical.  The  sulphate  of  alumina,  alum,  and  the  sulphate 
^  iron^  will  precipitate  chondrine  but  have  no  ini3uence  on  a  solution  of  gelatine.  Tan- 
12 
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nin,  or  infusion  of  galls,  added  to  a  solution  of  gelatine,  produces  a  brownish  precipitate. 
This  reaction  is  marked  in  a  solution  containing  but  one  part  of  gelatme  to  five  tbonsand 
parts  of  water.  Both  gelatine  and  chondrine  are  of  indefinite  chemical  composition  and  on- 
crystallizable.  By  the  action  of  sulphuric  acid,  gelatine  is  transformed  into  a  crjstallizable 
substance  called  glycocoUe,  which  has  a  sweetish  taste,  is  soluble  in  water,  and  is  insoluble 
in  alcohol  and  ether.  According  to  some,  this  is  capable  of  being  separated  into  alcohol 
and  carbonic  acid  by  fermentation. 

A  great  deal  of  interest  was  at  one  time  attached  to  gelatine  as  an  article  of  food, 
from  the  fact  that  it  is  formed  and  extracted  from  parts,  particularly  the  bones,  which 
were  before  regarded  as  comparatively  useless.  Indeed,  the  experiment  of  diminishing 
the  quantity  of  meat  and  supplying  in  its  place  the  extract  of  bones  was  made  in  several 
hospitals  and  manufacturing  establishments  in  France ;  but  this  change  in  diet  led  so  nni- 
versally  to  complaints  of  insufficiency  of  food,  that  experiments  were  soon  instituted  with 
a  view  of  determining  whether  gelatine  really  possessed  any  nutritive  power.  Without 
entering  into  a  full  discussion  of  these  experiments,  it  may  be  stated  that  the  introdnction 
of  gelatine  as  an  article  of  diet,  to  the  exclusion  of  other  principles  which  were  known  to 
be  nutritive,  was  always  followed  by  loss  of  weight  and  the  indications  of  more  or  less  de- 
fective nutrition.  In  other  words,  the  introduction  of  gelatine  did  not  permit  any  diminu- 
tion in  the  quantity  of  ordinary  articles  of  food.  The  whole  question  was  finally  settled 
by  the  researches  of  Magendie,  the  reporter  of  the  French  committee  on  gelatine,  in  1841. 
This  report  embodied  the  results  of  numerous  experiments  on  the  effects  of  various  nitro- 
genized  principles,  but  the  conclusions  witli  regard  to  gelatine  were  very  striking.  When 
taken  alone,  it  was  distasteful  in  the  highest  degree,  even  to  animals  on  the  verge  of 
starvation ;  even  the  agreeable  jelly  formed  of  different  parts  of  the  pig  and  the  giUeti 
of  fowl,  prepared  by  the  charetiticrs  of  Paris,  which  were  at  first  taken  by  the  animals 
with  apparent  satisfaction,  was  refused  after  a  few  days;  and,  when  animals  were  con- 
fined exclusively  to  this  article,  death  took  place  about  the  twentieth  day,  with  all  the 
symptoms  of  inanition. 

The  flavor  of  meat  was  formerly  supposed  to  depend  chiefly  on  a  peculiar  principle, 
called,  by  Th^»nard,  osmazome.  This  name  is  now  seldom  used,  as  the  substance  which 
was  so  called  is  known  to  be  composed  of  various  empyreumatic  nitrogenized  prodoct8| 
with  lactic  acid,  the  lactate  of  soda,  the  inosato  of  potash,  creatine,  creatinine,  and 
other  j)rinciples  the  nature  of  which  has  not  been  determined. 

Most  of  the  vegetable  articles  of  food  contain  more  or  less  nitrogenized  matters 
which  resemble  very  closely  their  analogues  in  the  animal  kingdom.  Some  of  these  vege- 
table principles  resemble  those  above  considered  so  closely  that  they  have  been  called 
respectively,  vegetable  albumen,  fibrin,  and  caseine.  They  all,  however,  present  certain 
distinguishing  peculiarities. 

Vegetable  Albumen. — In  the  juice  of  most  vegetables  which  are  used  as  food,  there 
exists  a  su]>stance,  coagulable  by  heat  and  by  alcohol,  and  having  the  same  composition  as 
ordinary  albumen  with  the  exception  of  the  equivalents  of  phosphorus  and  sulphur. 
This  is  found  most  abundantly- in  the  juice  of  turnips,  carrots,  cabbages,  and  vegetables  of 
this  class.  In  wheaten  flour,  which  contains  nearly  all  classes  of  alimentary  principles, 
it  is  also  found,  but  in  small  quantity. 

There  is  every  reason  to  suppose  that,  as  nutritive  principles,  vegetable  and  animal 
albumen  are  nearly  identical.  Many  of  the  largest  aiid  strongest  animals  are  nourished 
exclusively  from  the  vegetable  kingdom.  The  human  subject  and  many  of  the  inferior 
animals  may  be  nourished  at  will  by  vepetable  or  by  animal  food.  There  is,  however, 
always  a  physiological  difference  in  the  various  nitrogenized  principles,  which  is  not  ap- 
preciable by  chemical  analysis.  The  flesh  of  the  carnivora,  when  used  as  food,  is  not  the 
same  as  the  flesh  of  the  herbivora ;  and  the  quality  of  the  meat  may  be  modified  in  many 
animals  by  changing  them  from  vegetable  to  annual  food.     Although  the  muscular  tissue 


KFTROGENIZED   ALIMENTARY   PRINCIPLES. 


179 


of  one  animal  may  be  used  for  tbe  noiimbmeDt  of  another,  the  fleah  of  an  animal  thus 
QOiniabed  ia  not  an  appropriate  food  for  loan.  We  should  live  upon  vegetable  principles ; 
taking  them  in  part  directlj^  and  in  part  indirectly,  or  after  they  have  been  ppcf*ared  and 
aasimilated  by  animula.  Aa  a  rule,  the  nutritive  priucipleB  in  vegetables  are  relatively 
Itfs*  abundant  tlian  in  animal  food,  and  the  indigestible  residue  is  therefore  greater;  but 
TDjin,  and  even  the  carnivorous  animals^  may  be  nourialied  for  an  indetiniie  period  by  ap« 
prepriate  articlea  derived  ^am  the  vegetable  kingdom. 

Ve^etfihU  Fihnn  and  Cfffejn^,— Many  of  the  vegetable  juices  contain  a  spontaneoualy- 
liible  j^ubstance  which  has  been  ealletl  vegetable  fibrin.     This  is  piirtieularly  abnn* 

t  in  the  oereala.  What  haa  been  said  concerning  fibrin  aa  an  alimentary  principle  is 
ble  to  this  sabatance.  Its  proportion  in  vegetables  is  small,  unless  we  consider  as 
fig«t«ble  fibrin,  gluten,  one  of  the  must  abundant  and  important  of  the  nutritive  prineiples 
contained  in  ordinary  fionr. 

A  principle  may  be  extracted  from  beans,  peas,  and  other  vegetables  of  tbia  class, 
irMcb  is  thought  by  many  to  be  identical,  in  all  respects,  with  casoine  and  has  been 
called  vegetable  caseino.  The  article  called  tao-foo,  made  by  the  Chinese  from  peas,  ia 
ipparently  identical  with  cheese.  The  peas  are  reduced  to  a  pulp  by  boiling  and  the 
tegetAbk  caseine  is  coagulated  by  re uuet^^ being  afterward  treated  in  the  same  way  aa  the 
mtlogona  snbstance  manufactured  fnmi  milk.  Vef?etable  and  animal  caseine  have,  aa  far 
»  we  know,  identical  physiological  relations.  Vegetable  caseine  is  somettmes  called 
Veguriiine.  It  is  sparingly  soluble  in  water,  m  imsoluble  in  alcohol,  ia  not  ooagnlated  by 
(teat,  and  is  precipitated  by  the  mineral  aclda  and  some  of  the  mercurial  and  calcareous 
idts.     It  is  dissolved  by  the  vegetaldc  acids. 

Another  substance,  supposed  by  some  to  be  identical  with  vegetable  caseine,  is  aman- 
dioe.  Tliis  is  found  widely  distributed  in  the  vegetable  kingdom,  but  it  hardly  presents 
pototf  of  distinction  from  legumine,  sufficient  to  mark  it  as  a  distinct  principle. 

_  GluUn.— In  many  of  the  vegetable  grains  known  aa  cereals,  there  exists,  in  variable 
;ion3,  a  highly-nutritive  nitrogenized  substance  called  gluten.  This  is  found  in 
'  abundance  (from  ten  to  tUirty-five  per  cent.)  rn  wheat.  Its  proportion  in  other 
gnina  is  insignificant.  It  may  be  easily  extracted  tVom  ordinary  w beaten  flour,  by  knead- 
ing under  a  stream  of  water,  when  the  starch,  a  little  sugar,  vegetable  albumen,  mucilage, 
and  some  soluble  matters  are  removed,  and  the  gluten  remains  in  the  form  of  an  adheaive, 
dastie,  grayish- white  mass.  Gluten  is  capable  of  acting  as  a  ferment,  transforming  starch 
first  mto  dextrine  and  then  into  sugar.  It  is  the  substance  which  gives  the  peculiar  con^ 
■istence  and  porous  character  to  bread. 

The  nutritive  power  of  gluten  is  so  great,  and  it  contains  such  a  variety  of  alimentary 
principles,  that  dogs  are  well  nourished  and  can  live  indefinitely  on  it  when  taken  as  the 
m\e  article  of  food.  This  experiment  was  actually  made  by  the  gelatine  committee;  and 
the  fact  will  be  easily  nnderstooil  when  we  consider  that  it  is  a  compound  of  no  less 
than  three  distinct  nitrogenized  principles,  together  with  fatty  and  inorganic  matters. 
In  one  of  the  methods  of  treatment  of  diabetes  mellitus,  in  which  all  saccharine  and 
aylaceous  matters  are  excluded  from  the  food,  it  has  been  foimd  difficult  to  nourish  the 
^hodj  guffiriently  and  give  proper  variety  to  the  diet  without  bread  ;  and,  under  these 
dtcmnstances,  the  use  of  bread  composed  almost  exclusively  of  gluten  has  been  highly 
ioecessfaL  With  proper  care,  a  bread  can  be  made  in  this  way,  which  is  eminently 
aatritive  and  not  unpalatable. 

Gluten  obtained  by  washing  flour  under  a  stream  of  water  contains  vegetable  fibrin, 
itgetahle  nlbumen,  and  a  substance  soluble  in  alcohol,  called  glutine.  This  latter  sub' 
itance  19  found  in  quantity  only  in  w beaten  fionr. 

In  the  ditferent  articles  of  f<ind  belonging  to  the  vegetable  kingdom,  there  are  nn- 
doobtedly  many  nitrogenized  matters  with  the  distingoishing  properties  of  which  we 
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are  not  jet  familiar.  In  their  relations  to  the  body  as  alimentary  principles,  these  would 
not  possess  much  practical  interest,  even  if  they  had  all  been  isolated  and  studied ;  for  all 
artides  of  this  class  are  apparently  transformed  into  the  same  nutritive  principlea, 
namely,  the  albuminoid  constituents  of  the  blood. 

Kon-Nitrogenized  Alimentary  Principles. 

The  important  principles  belonging  to  the  class  of  non-nitrogenized  matters  are  the 
sugars,  starch,  and  fat.  From  the  fact  that  these  are  supposed  by  some  to  bo  exclusively 
concerned  in  keeping  up  the  animal  temperature  by  tlie  oxidation  of  carbon,  they  are 
frequently  spoken  of  as  the -carbonaceous  or  calorific  elements  of  food.  They  are  some- 
times called  hydro-carbons.* 

In  many  respects  there  are  marked  and  important  differences  between  the  nitre- 
genized  and  non-nitrogenized  articles  of  food ;  and  whether  or  not  these  differences  relate 
to  the  nutrition  of  the  organism  is  a  question  which  will  be  considered  in  its  appropriate 
place.  The  production  of  animal  heat,  which  is  supposed  by  some  to  be  duo  entirely  to 
the  action  of  non-nitrogenized  substances,  is  closely  connected  with  the  function  of  nutri- 
tion, and  all  that  is  at  present  known  of  this  general  process  must  be  taken  into  con- 
sideration in  connection  with  calorification.  It  is  certain,  however,  that  all  alimentary 
and  proximate  principles  which  contain  nitrogen,  excluding  the  inorganic  and  some 
crystallizable  organic  substances,  have  very  different  properties  from  those  which  contain 
no  nitrogen.  While  the  nitrogenized  principles  are  in  a  state  of  continual  change,  so  that 
it  is  impossible  to  fix  upon  any  formula  as  representing  their  exact  ultimate  composition^ 
the  non-nitrogenized  principles  are  not  changed,  unless  by  the  influence  of  some  other  sob- 
stonco  known  as  a  ferment,  and  have  a  distinct  and  definite  chemical  composition.  The 
latter  not  only  differ  greatly  from  the  nitrogenized  principles,  but  most  of  the  individual 
articles  of  this  class  present  distinctive  peculiarities  in  their  general  properties,  reactions, 
and  ultimate  composition.  Treating  of  them  as  alimentary  principles,  we  have  now  only 
to  do  with  their  general  properties  and  the  changes  which  they  may  be  made  to  under- 
go out  of  the  body. 

Sugar. — A  great  many  varieties  of  sugar  occur  in  food,  and  this  principle  may  be 
derived  from  both  the  animal  and  the  vegetable  kingdom.  The  most  common  varieties 
derived  from  animals  are  sugar  of  milk,  and  honey,  beside  a  small  quantity  of  liver-sugar, 
which  is  taken  whenever  the  liver  is  used  for  food.  The  sugars  derived  from  the  vege- 
table kingdom  are  cane-sugar,  under  which  head  may  be  classed  all  varieties  of  sugar 
except  that  obtained  from  fruits,  and  grape-sugar,  which  comprises  all  the  varieties  exist- 
ing in  fruits.  In  addition,  an  impure,  uncrystallizable  residue,  obtained  in  the  manu- 
facture of  the  different  varieties  of  cane-sugar,  called  molasses,  is  a  common  article  of 
food.  The  following  are  the  formula)  fur  the  different  varieties  of  sugar  in  a  crystalline 
form: 

Cane-Sugar^  C19  Iln  On 

MilhSugar,  Cn  IT,,  0„ 

Grape-Sugar  (Glucose),  Cia  Hu  Ou 

All  varieties  of  sugar  have  a  peculiar  sweet  taste;  they  are  soluble  in  water  and  in 
alcohol ;  they  are  inflammable,  leaving  an  abundant  carbcmaceous  residue  and  giving  off 
a  peculiar  odor  of  caramel ;  they  are  capable  of  being  converted,  in  contact  with  fer- 
ments or  with  nitrogenized  principles,  into  alcohol  and  carbonic  acid  and  into  lactic 
acid ;  they  are  also  capable  of  other  modifications  when  treated  with  the  mineral  acids, 
or  with  alkalies,  which  are  interesting  more  in  a  chemical  than  a  physiological  point  of 
view.     Of  all  the  varieties  of  sugar,  that  made  from  the  sucar-cane  is  the  most  soluble, 

»  The  naine  hydro-carbon  l»  t»trictly  app>lirab)e  only  to  the  .oturara  and  starch,  which  are,  cbemieallf,  hTdrmtet  of 
carbon,  containing  as  they  do,  carbon,  with  hydrogen  and  oxygen  in  the  proportions  to  form  water. 
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ll#  siTitltsI,  and  Xhet  most  a^eeable.    Beet-root  sugar,  so  extensivelj  used  m  Fraoce,  is 
perh^{»9  09  agreeable,  bat  is  not  so  sweet. 

iloeh  of  the  sugar  used  in  the  nutrition  of  the  organism  is  formed  in  the  hod)-  from 
tikt  digestion  of  starch.  Thi«5  traosfon nation  of  starch  may  he  effected  artificially'.  The 
sogar  thii^  formed  is  called  glucose  and  is  identical  in  composition  with  grape-sugar. 
Kxcept  in  the  milk  during  lactation^  this  is  the  only  form  in  which  sugar  exi^^t^  in  the 
orfanifltn,  all  the  sugar  of  the  food  being  oonverted  into  glucose  before  it  is  taken  into 
tlM  b1oo<L 


Starrh, — A  non-nitrogenixed  principle^  closely  resembling  sugar  in  its  ultimate  com- 
position (Cii  Htt  OioX  is  contained  in  abundance  in  a  great  number  of  vegetables.  It  is 
fuand  particularly  in  the  cereals  (w^heat^  rye,  corn,  barley,  rice,  and  uats),  in  the  potato, 
chestnutA,  and  in  the  grains  of  leguminous  pIunt.H(beans^  peas,  lentils,  and  kidney-beans),  in 
the  tuberous  roots  of  the  yam^  tapioca,  and  sweet- potato,  in  the  roots  of  the  Maranta 
arundifuiffo^^  in  the  sago-plant,  and  in  the  bulbs  of  orchis.  In  the  cereals,  after  tlesicca* 
tion,  the  proportion  of  starch  is,  in  general  tertns,  between  sixty  and  seventy  part8  per 
hundred.  It  is  most  abundant  in  rice,  wlueli  contains,  after  desiccation,  88'65  parts  per 
100. 

Starch  may  be  separated  from  many  plants  by  simple  washing,  but  in  others,  in  which 
it  exists  in  connection  with  a  considerable  proportion  of  ghiten,  a  more  elaborate  process 
is  employed  in  commerce.  The  diflerent  varieties  of  manufactured  starch,  such  as  com- 
itarch,  potato-starch,  arrow-root,  tjipioco,  and  sago,  difler  only  in  the  presence  of  a 
minute  rjuantity  of  odorous  and  flavtiring  principles. 

When  extracted  in  a  pure  state,  starch  is  in  the  form  of  granules,  varying  in  size  from 
ttW  ^  1+5  ^^  ^^  '"^'^ij  ^^^^  presienting,  in  most  varieties,  certain  peculiaritiea  of  form. 
The  grantile  is  frefjuently  marked  by  a 
little  conical  excavation  called  the  hilum, 
And  the  starch-substance  is  arranged  in  the 
form  of  concentric  taminre^  the  outlines 
of  which  are  frerpiently  quite  distinct. 
When  starch  is  rubbed  between  the  fingers, 
these  little  hard  bodies  give  it  rather  a 
^Vtj  feel  and  produce  a  crackling  sounci 
The  different  varieties  of  starch  may  be 
recognized  microscopically  by  the  peculiar 
tppe&rance  of  tlie  granules. 

The  presence  of  even  a  minute  quan- 
tity of  starch  in  any  mixture  which  is  not 
ilkaline  may  1m>  readily  determined  hy 
llie  atldition  of  iodine,  which  unites  with 
the  starch,  pro^lucing  an  Intense-bke  color 
The  color  may  be  destroyed  by  the  addi- 
tion of  an  alkali  or   by  the   application  of    Fi«.   44.— Jr^w/wwr  ntarch-grannte*;    mugniM  S70 

JiMt.     It  may  be  restored,   however,  by 
atldition  of  an  acid  or,  in  the  latter 

ttoc,  it  returns  when  the  mixture  is  allowed  to  cool,  if  the  temperature  have  not 
I  carried  to  212''  Fahr. 
Starch  is  insoluble  in  water,  but,  when  boiled  with  several  times  its  volume  of  water, 
the  granules  swell  up,  become  transparent,  and  finally  fuse  together,  mingling  with  the 
▼ate?  and  giFing  it  a  mucilaginous  consistence,  The  mixture  on  cooling  fcirms  a  jelly- 
like  mass  of  greater  or  less  consistence.  This  change  in  starch  Is  called  hydration  and 
!•  interesting  as  one  of  the  transformations  which  takes  place  in  the  process  of  digestion, 

^  Th«  ere^plog  roots  from  vhldi  thn  ■abstaoce  known  u  arrow-FOot  !■  muia&u;ttti«d. 
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when  starch  is  taken  uncooked.    This  change  is  generally  effected,  however,  in  the  pro* 
cess  of  cooking. 

Tbe  most  interestiDg  properties  ot  starch  are  connected  with  its  traiiBfonnntion,  first 
into  dextrine  a»d  finally  into  ghicose.     This  always  takes  place  in  digestion,  before  staroli 
can  be  absorbed,     fn  tbe  digestive  apparatus^  the  change  into  eugar  is  alnioi^t  instan- 
taneons,  and  the  intermediate  sabatonce,  dextrine^  is  not  recognized.     Bv  boiling  starch 
fur  a  number  of  hours  with  dilute  sulphuric  acid»  it  grudually  loses  its  property  of  striking 
a  bhie  color  with  ludine^  and  is  transformed^  without  any  change  in  chenncd  composition, 
into  the  soluble  substance  called  dextrine.    If  the  action  be  contmued,  it  assumes  four  ntomsi 
of  water  and  is  converted  into  glucose.     If  dextrine  be  perfectly  pure,  no  coloration  is 
produced  by  the  addition  of  iodine,  but  it  ordinarily  contains  starch  imperfectly  trans- 
formed, and  iodine  produces  a  reddish  color.     The  change  of  starch  into  dextrine  may  be, 
effected  by  a  dry  heat  of  about  400^  Fahr.,  a  process  which  is  commonly  employed  ial 
commerce.    The  most  effectual  method  of  producing  this  transformation  of  starch,  asidel 
ft'om  the  process  of  digestion^  h  by  the  action  of  a  peculiar  vegetoble  substance  calle<l| 
diastase.     This  substance  is  produced  in  the  process  of  germination  of  maoy  of  the  veg«* 
tables  contaming  starch.*     One  part  of  diastase  will  effect  the  transtbrmation  of  one  hun- 
dred parts  of  starch,  which  would  require  tliirty  times  the  quantity  of  sulphuric  acid.1 
What  has  been  said  regarding  sugar  as  an  alimentary  principle  will  apply  to  starch. 
Although  an  abundant  and  important  article  of  diet,  it  is  insufficient  of  itself  for  the  pur* 
poses  of  nutritioD. 

Vegetable  Principles  retemhling  Starch, — In  certain  vegetables,  gubstanccs  isomerial 
with  starch,  but  presenting  slight  differences  as  regards  general  properties  and  reactions,] 
have  been  described,  but  they  possess  no  very  great  interest  as  alimentary  principles  and 
demand  only  a  passing  mention.  These  are,  iuuHne,  lichentno,  cellaiosef  pectose,  mannite^ 
mucilages,  and  gums.  Inuline  is  found  in  certain  roots.  It  is  capable  of  b^^ing  converted  I 
into  sugar  but  does  not  pass  through  the  interniediate  stage  of  dextrine.  It  differs  from  I 
starch  in  being  very  soluble  in  hot  water  and  in  striking  a  yellow  instead  of  a  blue  color  I 
with  iodine.  Lichenlne  is  found  in  many  kinds  of  edible  mosses  and  hcbens.  It  dificrs  | 
from  starch  only  in  its  solubility. 

Cellulose  is  a  substance,  generally  regarded  as  identical  in  all  plants^  which  forma  thej 
basis  of  the  walls  of  the  vegetable  cells.     It  exists  in  greater  or  less  abundance  in  all 
vegetables.     It  is  loss  easily  acted  upon  by  acids  than  starch,  but  is  capable,  when  treated 
with  concentrated  sulphuric  acid,  of  being  converted  first  into  dextrine,  and  finally  into  i 
sngar.     It  is  only  in  soft  and  recent  vegetable  products  that  it  can  be  regarded  a^  an  ali«  | 
mentary  principle. 

Pectose  is  a  principle  which  exists,  mingled  with  cellulose,  in  tmrlpe  fruits,  <mrrots,  I 
tumiiis,  and  some  other  vegetables  of  this  class.     Its  composilion  has  not  been  deter-»| 
mined.     In  ripe  fruits,  it  is  found  transformed  into  a  srduble  substance  called  pectine. 
This  transfonnation  may  be  etTected  urtifioially  by  tlie  action  of  acitls  and  heat.     PecUniJ  I 
max  he  precipitated  in  a  pelatinoui*  form  by  alcohol  from  the  juices  of  fruita. 

Matmite  is  a  sweetish  principle  found  in  manna,  mui^hrooms,  celery,  onions,  and 
asparagus.  Manna  in  tears  is  comf»osed  of  this  |»rinciple  in  nearly  a  pare  state.  It  is 
perhaps  more  analogous  to  sugar  than  to  starch,  but  it  is  not  capable  of  fermentation  and 
has  no  influence  on  polarized  light. 

Gums  and  mucilages  may  enter  to  a  certjiin  extent  into  the  composition  of  food,  but 
they  can  hardly  be  considered  as  ulimentni-y  principles.  Gums  are  found  exuding  from 
certain  trees,  first  in  a  fluid  state^  but  becoming  hard  on  exposure  to  the  air.  A  viscid, 
stringy  mucilage  is  found  surrounding  many  grains,  such  as  the  Itax-seed  and  quince-seeds, 
and  exists  in  varions  kinds  of  roots  and  leaves.    Both  gums  and  mucilages  mix  rendilj 


1  IHutiMr  ii  ft,  wblte,  ftinorphoQfl.  ntUpKonlted  nobBtADce,  imoluMn  tn  al(>ohol,  «oluble  In  irtt^r.  ftod  U  «lCi*f<c4 
Jhnn  barley,  mXA  gnln,  Aod  poutoes.  In  proceu  of  ^tfrmUuUlon.  Its  lu^UoQ  Qpoo  atirch  is  mast  energvUe  it  froni  lAT 
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I  Wftt«r,  giviJig  it  a  consistence  called  mucilaginous.    Tliej  haye  tbesame  com|>osUlon 
u  starch, 

£xperimeDts  have  shown  that  gum  passes  through  the  alimentary  canal  ud changed 
sud  has  no  nntritiye  power.  It  is  said  that  gummy  exudations  from  trt^es  form  an  im- 
portant part  of  the  food  of  certain  savage  African  tribes ;  but  it  most  be  remembered 
that  in  this  condition  the  exudatvuu  is  impure  and  contains  many  otber  Bobstances.  Gum 
tf  mentioned  in  this  connection  from  tbo  fact  that  it  i:i  frecpiently  used  in  the  treatment 
of  disease  and  is  thonght  by  nrnay  to  possess  nutritive  properties, 

JStIi  and  Oik. — ^Fatty  or  oily  matters^  derived  from  both  the  animal  and  the  vegetable 
kingvlom^  constitute  an  important  division  of  the  articles  of  food.  As  a  proximate  prin- 
ciple, fat  is  found  in  all  parts  of  the  body,  with  the  exception  of  the  bones^  teeth^  and 
ftbrons  tissues.  It  necessarily  constitutes  an  important  part  of  all  animal  food  and  b 
tn  in  the  form  of  adipose  tissue,  infiltrated  in  the  various  tissues  in  the  foroi  of  globules 
\  grannies  of  olL  aod  in  suspension  in  the  caseine  aod  water  in  milk.  An.imal  fat  is  a 
of  oleine,  margarine,  and  stearine,  in  varied  proportions,  and  possesses  a  con- 
which  depends  upon  the  relative  «|uantities  of  these  principles.  More  or  less  fat 
llways  enters  into  the  composition  of  food,  but,  as  a  rulcj  it  ia  more  abundantly  taken  in 
cold  than  in  warm  climates^  Tlie  ordinary  diet  of  the  Greenlander  contains  what  would 
be  constdered  in  temperate  climates  as  an  enormous  (juantity  of  fat  and  oil,  frequently  in 
t  disgusting  form^  and  often  taken  unmixed  with  other  articles. 

The  dilferent  varieties  of  animal  fats  do  not  demand  special  consideration  as  articles 
[diet.     Butter,  an  important  article  of  food,  is  somewhat  different  from  the  fat  extracted 
I  adipose  tissue,  but  most  varieties  of  fat  lose  their  individual  peculiarities  in  the  pro- 
I  at  digtesdon  and  are  apparently  identical  when  they  fiod  their  way  into  the  lacteal 
Teasels;.  « 


Fjw.  4.V— /Vy*/*ii«  of  margtiHju  and  mur- 
atirie  a^^l.  i  Fimko.)  a,  a,  a,  mtrswiue ; 
It,  micffiuic  Add. 


Tin.  U.~CryiitaU  qf  itoaNfM  and  tUorie 
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In  the  vegetable  kingdom,  fat  is  particularly  abundant  in  seeds  and  grains,  but  it 
eiL4t*  in  quantity  in  some  fruits,  as  the  olive.  IToro  it  ia  generally  called  oil.  Its  pro- 
\tonion  in  linseed  is  20  per  cent. ;  in  rape-seed,  35  to  40  per  cent.;  in  iiemp-!*ced,  25  per 
r«at,;  and  in  poppy-seed,  47  to  50  per  cent.  It  exii^its  in  considerable  proportion  in  nuts 
ted  in  certain  quantity  in  the  cereals,  particularly  Indian  corn.  Its  proportion  in  the 
differeni  Tarieties  of  wheat  is  from  1-8T  to  2-61  per  cent,;  in  rye,  2-25  per  cent.;  in 
barley,  2*7tJ  per  cent. ;  in  oats,  5-5  per  cent. ;  in  Indian  corn,  8^8  per  cent. ;  and  in  rice, 
t»'8  per  cent.     The  almve  is  the  proportion  in  the  grains  after  desiccation. 

Fat,  both  animal  and  vegetable,  may  be  either  liquid  or  aolid*     It  has  a  [peculiar  oily 
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feel,  a  neistral  rcaotiom,  and  is  ioBoluble  m  water  and  soluble  in  alcoliol  (particularlj  hot 
alcohol),  chloruform,  etber^  benzine,  iinJ  solutions  of  soaps.  The  sohd  varieties  ore  exceed* 
ingly  soluble  m  the  oils.  Treated  witli  alkalies^  at  a  high  temperature  and  in  the  presence 
of  water,  the  fate  are  decomposed  into  fatty  acids  and  glycerine,  the  acid  uniting  with  the 
ba^e  to  form  a  soap.  iVlkaline,  mucilaginous,  and  some  animal  duids  (particularly  thdj 
pancreatic  juice)  are  capable  of  holding  tat  in  a  state  o(  minute  and  permanent  subdivisioaJ 
and  suspension,  forming  what  are  known  as  emulsions. 

The  composition  of  many  of  the  fats  and  oils  has  nt^ver  been  definitely  ascertained,  on 
account  of  the  dithculty  in  obtaining  tliem  in  a  ^tate  of  al^solute  purity.  They  coDtaii] 
carbon,  hydrugen,  and  oxygen,  hut  the  latter  elements  do  not  exist  in  the  proportions  to| 
form  water. 

As  alimentary  principles,  fats  and  oils  are  undoubtedly  of  great  importance.     They^ 
are  supposed  by  many  to  l>e  particularly  concerned  In  the  function  of  calorification.    Il 
hae  been  proven  by  repeated  experinients  that  fat,  as  a  single  article  of  diet,  b  ini»ut3iciexiti 
for  the  purposes  of  nutrition. 


Inorganic  Alimentary  Prineipks. 

Physiological  chemistry  has  ahowii  that  all  the  organa,  tissues,  and  fluids  of  the 
body  contidn  inorganic  matter  in  greater  or  leas  abundance.  The  same  is  true  of  vege- 
table pnidueLs.  All  the  organic  nitrogenized  principles  contain  mineral  substances  which 
cannot  be  removed  without  incmeration  and  which  must  be  considered  as  actually  part 
of  their  substance.  When  new  organic  matter  is  appropriated  by  tlie  tissues  to  supply 
the  place  of  that  which  has  become  effete,  the  mineral  subtftances  are  deposited  with 
them ;  and  the  organic  principlcsj  as  they  become  effete  or  are  transformed  into  excre- 
^mentitious  substances  and  disi'harged  from  the  body,  are  always  thruwnoff  in  eonuectioa 
with  the  mineral  substances  which  enter  into  their  composition.  This  constant  dis- 
charge of  inc»rganic  principles,  forming,  as  they  do,  an  essential  part  of  the  organism, 
necessitates  their  introdurtitm  with  the  food,  in  order  to  maintain  the  normal  constitu- 
tioD  of  the  parts.  As  these  princi[tle8  arc  as  necessary  to  the  proper  constitution  of  the 
body  ns  any  other,  they  most  be  considered  as  belonging  to  the  class  of  alimentary  aub- 
stances. 

WaUr, — This  is  one  of  the  most  important  of  the  proximate  principles  of  the  organ* 
ism,  is  found  in  every  tissue  and  part  without  exception,  is  intro<1uced  with  all  kinds 
of  food,  and  is  the  basis  of  all  drinks.  As  a  rule,  it  is  taken  in  greater  or  less  quantity 
in  a  nearly  pure  state.  Although,  ns  a  drink,  water  should  be  colorless,  odorless,  and 
nearly  ta^fteless,  it  always  contains  more  or  less  saline  and  other  mutters  in  solution, 
with  a  certain  quantity  of  air.  The  air  and  gases  may  be  evolved  by  boiling  or  removing 
the  atmof<plieric  pressure.  Pure  water  does  not  exist  in  Nature.  Even  rain-water  always 
contains  salts  and  frequently  a  little  ammonia  and  organic  matter.  The  waters  of  the 
mineral  spring;*,  which  are  so  abundant  in  parts  of  this  country,  are  very  rich  in  saline 
constituent^^  and  generally  contain  a  notable  quantity  of  carbonic  acid  ;  but  the  consid> 
eration  of  their  ]iroperties  docs  not  belong  tti  physiology.  The  demand  on  the  part  of 
the  aystenj  for  water  is  regulated,  to  a  certain  extent,  by  the  quantity  discharged  froin 
the  organism,  and  this  is  subject  to  great  variations.  The  quantity  taken  as  drink  also 
depends  very  much  on  the  constitution  of  the  food  as  regards  the  water  whidi  enters  into 
its  composition. 

Chloride  of  Sodium. — Of  all  saline  substances,  chloride  of  sodium  is  the  one  moflt 
widely  distributed  in  the  animal  and  the  vegetable  kingdom.  It  exists  in  all  varieties  of 
food ;  but  the  quantity  which  is  taken  in  combination  with  other  principles  is  uf^ually 
insufficient  for  the  purposes  of  the  economy,  and  common  salt  is  generally  added  to  cer- 
tain articles  of  food  as  a  condiment,  when  it  improves  their  flavor,  promotes  the  secre-  I 
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certain  of  ilit*  dij^estivc  lluids^  ami  meets  a  positive  nutritive  demand  on  tbe  part 
of  lb*>  eystem,  Nmuerons  experiments  and  observations  have  shown  that  a  deficiency^ 
of  chloride  uf  sodium  in  tbe  Ibod  has  an  nnfavuruble  influence  on  nutrition. 

Pkotphate  &f  Lime, — ^This  is  almost  as  common  a  constituent  of  vegetable  and  animal 
food  lis  cbloride  of  sodium.  It  is  seldom  taken  except  in  combination,  particularly  with 
the  mtrogenized  alimentary  principles.  It«  importance  as  an  alimentary  |>rinciple  has 
beett  expertwentallv  demonstrated,  it  having  been  shown  tbat^  in  animals  deprived  as 
eotDpletely  as  po»Aihle  of  this  substance,  the  nutrition  of  the  body,  particularly  in  porta 
irhic[i  contain  it  in  conAiderahle  quantity,  as  the  honea,  is  seriously  afiFected. 


/wii,— Tliemaglobine,  the  coloring  matter  of  the  blood,  contains,  intimately  united 
with  organic  matter,  a  considerable  jiroportjon  of  iron.  Examples  of  amemia,  which 
daily  met  with  in  practice  and  are  almost  always  relieved  in  a  short  time  by  the  ad- 
istmtion  of  iron,  are  proof  of  the  importance  of  this  substance  as  an  alimentary 
principle.  The  quantity  of  iron  wliicli  i^  di?4charged  from  the  body  is  very  slight,  a 
trace  only  being  discoverable  in  tht;  urine,  A  small  quantity  of  iron  is  frequently  intro- 
in  solution  in  the  water  taken  as  drink,  and  it  is  a  constant  constituent  of  milk 
When  its  supply  in  the  food  is  insufficient,  it  is  necessary,  in  order  to  restore 
the  proceflses  of  nutrition  to  their  normal  condition,  to  administer  it  in  some  form,  until 
its  proportion  in  the  organism  reaches  the  proper  standard. 

It  is  hardly  necessary  even  to  enumerate  the  other  inorganic  alimentary  principles,  as 
nearly  all  are  in  a  state  of  such  intimate  combination  with  nitrugunized  priuciples  that 
thfly  may  be  regarded  as  part  of  their  substance.  Suffice  it  to  say,  that  all  tlie  inorgnnio 
maUers  which  e^ist  in  the  organism  as  proximate  principles  are  found  in  the  food.  That 
the«e  are  essential  Up  nutrition,  cannot  be  doubted  ;  but  it  is  evident  that,  by  themselves, 
ihey  are  incapable  of  supporting  life,  a^  they  cannot  bo  converted  into  either  nitrogen- 
iied  or  non-nitrogenized  organic  principles. 


i 


AlcohoL 

All  distilled  and  fermented  liquors  and  wines  contain  a  greater  or  less  proportion  of 

►hoi.  As  these  are  so  generally  used  as  beverages,  and  as  th«  effects  of  their  exces- 
'<»  use  are  ^  serious,  the  intluence  of  alcohol  upon  the  organism  has  become  one  of  the 
ist  important  questions  connected  with  alimentation.  In  the  discussion  of  this  subject, 
His  not  proposed  to  enter  into  the  great  moral  questions  involved^  but  to  consider,  from 
ft  purely  physiological  point  of  view,  the  imme<liate  and  remote  influences  of  tiie  various 
alcoholic  beverages  upon  nutrition  and  the  animjil  functions.  8urae  alcoholic  beverages 
influenne  the  functions  solely  through  tbe  alcohol  which  tl»ey  contain  ;  while  others,  aa 
beer  and  porter,  with  a  comparatively  small  [iroportion  of  alcohol  contain  a  consider- 
ible  quantity  of  solid  matters  which  may  act  as  alimentary  principles. 

Alcohol  (CiH.Oa),  from  its  composition,  is  to  be  classed  with  tlie  non-nitrogenized 
principles,  more  especially  tbe  fats,  in  which  tbe  hydrogen  and  oxygen  do  not  exist  in 
the  proportion  to  form  water.  We  have  seen  that  sugar  and  fat  are  essential  to  proper 
natrition  and  that  they  undergo  important  changes  in  the  organism.  Alcohol  is  capable 
of  being  absorbed  and  taken  into  the  blood ;  and  it  becomes  a  question  of  great  interest 
to  determine  whether  it  be  consumed  in  tiie  economy  or  whether  it  he  discharged  un- 
ohiDged  by  the  various  enmnctorles. 

Alcohol  has  Jong  since  been  recognized  in  the  expired  air  after  it  has  been  taken  into 
the  stomach  ;  and  late  researches  have  confirmed  the  earlier  observations  with  regard  to 
ifcs  eUmination  in  its  original  form  and  have  shown  that,  after  it  has  been  taken  in  quan- 
li^i  H  exists  in  the  blood  and  nil  the  tissues  and  organs,  particularly  the  Hver  and  ner- 


186 


ALIMENTATION. 


T0U9  system.'  Lallemand,  Perris^  and  Daroy  have  stated,  ftlso,  that  there  is  a  consider- 
able elimination  of  tilooliol  by  the  luiigs^  j^in,  aod  kidneys ;  but  the  arruracy  of  the  ex- 
periments by  wiikh  these  results  were  arrived  at  has  lately  been  qiiefetioneil.  Tho  re- 
cent obAervations  of  Drs.  Anstie  and  I>npre  Lave,  indeed,  thrown  ^rent  doubt  upon  the 
chromic-acid  test  for  alcohol^  which  was  employed  by  the  French  obHervers  above  mcD- 
tioned.  Anstie  and  Dupr6  have  clearly  shown  that  tije  cc4or-teHt  applied  to  the  urine  of 
persons  who  do  not  drink  lilcohol  at  all  not  only  acts  with  ehromic  acid  in  the  same 
way  us  does  alcohol^  but  that  the  substance  in  the  urine,  whatever  it  may  be^  *' is  rapa- 
ble  of  being  similarly  oxidized  into  ait  add  which  is  apparently  idtntical  with  acetic  iicid^ 
and  similarly  converted  to  icHlororm  by  boihngwith  iodine  and  an  alkali/'  Kcverthele^ 
when  alcohc*!  has  been  taken  in  narcotie  doses,  thure  is  a  certain  amount  of  aleoholic  elimi- 
nation in  the  urine^  Jts  was  shown  long  ago  by  Percy.  We  are  not,  hawever,  considering 
lit  ])resent  the  cUmination  of  alcohol  when  the  ingestion  of  this  principle  bus  been  pushed 
to  extreme  intoxication^  but  only  the  question  whether  moderate  doses  of  alcohol  be 
eliminated  in  totality  or  be  consumed  in  the  organism  in  the  same  way  as  sugar  or  albu- 
men. It  is  possible  to  administer,  for  example,  such  qimn titles  of  sugar  that  a  certain 
amount  will  pass  off  in  the  urine  ;  and  no  one  supposes  that  moderate  quantities  of  sugar 
are  not  consumed  in  the  organism.  As  the  result  of  the  iiuttl  experiment  of  Anstie^  it 
is  absolutely  certjiin  tliat  most  of  the  alcohol  which  is  taken  in  quantities  not  sufficient 
to  produce  alcoholic  intoxication  is  consumed  In  the  organism,  and  but  a  trivial  amount 
is  thrown  off,  either  in  tiie  urine,  the  faaccs,  the  breathy  or  the  cutaneous  transpiration. 
This  question  is  of  the  greatest  importance  with  regard  to  the  moderate  use  of  alcohol 
under  normal  conditions,  and  especially  in  its  ben  ring  upon  the  therapeutical  action  of 
the  various  alcoholic  drinks  administered  in  cases  of  disease. 

Taken  in  moderate  quantity,  alcohol  generally  i>roduces  a  certain  amount  of  nervous 
exaltation,  which  gradually  passes  off-  In  some  individuals  the  mental  faculties  are 
sharpened  by  alcohol,  while  in  others  they  arc  blunted.  There  is  nothing,  indeed,  more 
variable  than  the  iuimediiit^  effects  of  alcohol  on  different  persons.  In  large  doses,  the 
effects  are  the  well-known  phertomena  of  intoxicution,  delirium,  more  or  less  aniesthe^ia, 
coma,  and  sometimes,  if  the  quantity  bo  excessive,  death.  As  the  rule,  the  mental  exal- 
tation produced  by  alcohol  is  followed  by  reaction  and  depression,  except  in  debilitated 
or  exhausted  conditions  of  the  system,  when  tlie  alcoliol  seems  to  supply  a  decided 
want. 

The  views  of  physiologists  conceruinp  the  intbience  of  a  moderate  quantity  of  alcohol 
on  the  nervous  system  are  siunewhat  conHlcting,  Thnt  it  may  tenq>orarily  give  tone  and 
vigor  to  the  system  when  tiie  energies  arc  unusually  taxed,  cannot  be  doubted  ;  hut  this 
effect  is  not  produced  in  all  individuals.  The  constant  use  of  alcohol  may  create  an  ap- 
parent necessity  for  it,  producing  a  condition  of  the  system  which  most  be  regarded  as 
patholojEricah 

The  immediate  effects  of  the  ingestion  of  a  m<vderato  quantity  of  alcohol,  continued 
for  a  few  days,  are  decided.  It  notably  diminishes  tlie  exhalation  of  carbonic  acid  and 
the  discharge  of  other  excremenlitious  [mnciples,  particularly  urea.  These  facts  have 
long  since  been  experimentally  demonstrated.  The  proper  amount  of  mental  and  ]>by8i* 
cal  exercise,  tranquillity  of  tlie  nervous  systens,  and  all  circumst.inces  which  favor  the 
vigorous  nutrition  and  development  of  the  organit^m  physiologically  increase*,  rather  than 
diminish,  the  amount  of  the  excretions,  correspondingly  increase  the  demand  for  food, 
and,  if  continued,  are  of  permanent  benefit.  Alcohol,  on  the  other  hand,  diminishes  the 
activity  of  nutrition.     If  its  use  be  long  continued,  the  assimilative  powers  of  the  sj  stem 

1  It  wa«  fomiorly  a  qu<>itii>n  coiuiderabty  dlictiiMied  whether  iloofaol  exist  In  tho  bniln  tnd  In  the  fluid  found  In  th<« 
tCDtricleB.  In  tntaxicatd  ponoDi.  Thin  wnt  Njttk^l  by  Percy,  wbo  found  .^ileohol  in  the  br&tn,  liver,  and  AonieUxuvs 
til  tbo  urine,  in  doirs  poisoned  with  alcohol  and  in  men  who  had  died  attcr  hxcm-^mU*'  diioklnij^.  In  llie»c  pxikH^ 
mentis  the  preflcoTO  of  alcohol  was  deu^nalnod  by  dtetUliitSO'ii.  the  dlsUlh^l  HnbatAnwM  boln?  taJUimnihlo  ind  r«(»hkr 
of  dlMolvlnjr  camphor.— PtRCT,  Prize  TheM*.  An  EatptHmtmiat  Inquiry  concerning  ths  Pre»ena  ^  Aieohot  4m 
CM  VwitmtfU4  nf  M«  Srain,  fie.,  Loodoa,  Hm. 
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►weakened  that  the  proper  quantity  of  food  cannot  he  appropriated,  and  alcohol 
iionved  to  supply  a  self-engendered  want.  The  organism  may,  in  many  ini^tancea,  be 
mtored  to  its  physiologicul  cundition  by  discontinuing  the  u»e  of  alcohol ;  hut  it  is  gtiu- 
crdlj  same  time  betbre  the  nutritive  powers  become  active^  and  alcoholi  meanwhile, 
ieaii»  absolutely  necessary  lo  existence. 

Under  ordinary  cooditiuna,  when  the  organism  can  be  adequately  litipplied  with  food^ 
iieohol  is  undoubtedly  injurious.  When  the  quantity  of  food  is  insuflScierit,  alcohol  raaj 
lapply  the  want  for  a  time  and  temporarily  restore  th*i  powers  of  the  body;  but  the 
uflbeta  of  its  continued  u^e,  coi^ioieed  with  insufficient  nourishment^  show  that  it  can- 
noC  take  the  place  of  assimilalde  matter*  These  eftects  are  too  well  known  to  the 
pby^ian,  particularly  in  hospital -practice,  to  need  farther  comment.  Notwithstand- 
bf  these  undoubted  ph  vsiological  facts,  alcohol,  in  some  form,  is  used  by  almost  erery 
[people  on  the  face  of  the  earthy  civilized  or  savage.  Whether  this  he  in  order  to 
meet  some  want  occasionally  felt  by  and  peculiar  tu  the  human  organism,  is  a  ques- 
tion upoo  which  physiologists  have  found  it  impossible  to  agree.  That  alcohol,  at 
certain  timea^  taken  in  moderation,  sootlies  and  tranquillizes  the  nervous  system  and 
relieres  exhaustion  dependent  upon  ouusually  severe  mental  or  iihysical  exertion,  cannot 
be  doubted,  it  is  by  for  too  material  a  view  to  take  of  existence,  to  suppose  that  the 
tiii^eat  condition  of  man  is  that  in  which  the  f mictions,  possessed  in  ccjmiiion  with  the 
lower  animals,  are  most  perfectly  performed.  Inixsmuch  as  temporary  iBsutficlency  of 
food,  great  exhaustion  of  the  nervous  system,  and  various  conditions  in  which  alc^^hol 
Mems  to  he  useful,  must  of  necessity  often  occur,  it  k  hardly  proper  that  this  agent 
fboQld  be  utterly  condemned ;  but  it  is  the  article,  par  ejteellence^  which  is  liable  to  abuse, 
ttd  tiie  effects  of  which  on  the  mind  and  body,  when  taken  constantly  in  excess,  are 
moit  seriou!!. 

Although  alcohol  imparts  a  genial  warmth  when  the  system  is  suffering  from  ex- 
otttiTe  cold,  it  is  not  proven  that  it  ena!>le8  men  to  endure  a  very  low  tempcnitore  for  a 
gfeat  length  «f  time.  Tliis  end  iuu  bo  etTcctaally  accomplished  only  by  an  increased 
qoAUtity  of  food".  The  testimony  of  Dr.  Hayes,  the  Arctic  explorer,  is  very  strong  upon 
djia  point  He  says:  "While  fresh  animal  food,  and  especially  fat,  is  absolnfely  essen- 
tiftl  to  the  inhabitants  and  travellers  in  Arctic  countries,  alcohcil  in,  in  almost  any  shape, 
flot  only  completely  useless  but  positively  iiyuHous,  .  .  .  Circumstances  may  occur 
under  which  its  administration  seems  necessary ;  sucli,  for  instance,  as  great  pros- 
tration from  lonir-con tinned  exposure  and  exertion,  or  from  getting  wet;  but  then  it 
should  be  avoided,  if  posaihle,  for  thy  succeeding  reaction  is  always  to  be  dreaded;  and, 
if  a  place  of  safety  is  not  near  at  hand,  the  immediate  danger  is  only  temporarily 
guarded  against,  and  becomes,  finally,  greatly  augmented  by  reason  of  decreased  vitality. 
If  given  at  all,  it  should  be  in  very  muall  quantities  frequently  repeated,  and  continued 
until  a  place  of  safety  is  reached.  I  have  known  the  most  unplea^'ant  consequences  to 
result  from  the  injudicious  use  of  whiskey  for  the  purpose  of  temporary  sliniulatioD, 
and  have  also  known  strong  uble-bodied  men  to  have  bec«*me  utterly  incapable  of  resist- 
iflgoold  in  consequence  of  the  long-continued  use  of  alcoholic  drinks." 

It  is  not  demonstrated  that  alcohol  increases  the  capacity  to  endure  severe  and  pro- 
Incied  bodily  exertion.  Its  influence  as  a  therapeutic  agent,  in  promoting  assinjilation 
in  certain  conditions  of  defective  nutrition,  in  relieving  shock  and  nervous  exhaustion,  in 
•astaining  the  powers  of  life  in  acute  disea-^ei*  clutracterized  by  rapid  emaciation  and 
tUnonnally  active  disasslmilation,  etc.,  is  undoubted;  but  tlie  consideration  of  these 
qacf lions  does  not  belong  to  physiology. 


Coffee, 

Coffee  is  an  article  consumed  daily  by  many  millions  of  human  beings  in  all  quarters 
tit  the  globe.  In  armies  it  has  been  found  almcist  indispensable,  enabling  men  <»n  moderate 
nitions  to  perform  an  amount  of  labor  which  would  otherwise  be  impossible.     After 
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exhausting  efforts  of  any  kind,  there  is  no  article  which  relieves  the  overpowering  sense 
of  fatigue  so  completely  as  coffee.  Armj-surgeons  say  that  at  night,  after  a  severe 
march,  the  first  desire  of  the  soldier  is  for  coffee,  hot  or  cold,  with  or  without  sugar,  the 
only  essential  being  a  sufficient  quantity  of  the  pure  article.  This  has  been  the  universal 
experience  in  the  late  civil  war ;  the  rations  of  coffee  issued  by  the  United  States  Govern- 
ment being  abundant  and  pure,  though  not,  of  course,  of  the  quality  possessing  the  most 
delicate  flavor.  Almost  every  one  can  bear  testimony  from  personal  experience  to  the 
effects  of  coffee  in  relie\ang  the  sense  of  fatigue  after  mental  or  bodily  exertion  and  in 
increasing  the  capacity  for  labor,  especially  mental,  by  producing  wakefulness  and  clear- 
ness of  intellect.  From  these  facts,  the  importance  of  coffee,  either  as  an  alunentary 
article  or  as  taking  the  place,  to  a  certain  extent,  of  aliment,  is  apparent. 

Except  in  persons  who,  from  idiosyncrasy,  are  unpleasantly  affected  by  it,  coffee, 
taken  in  moderate  quantity  and  at  proper  times,  produces  an  agreeable  sense  of  tran- 
quillity and  comfort,  with,  however,  no  disinclination  to  exertion,  either  mental  or 
physical.  Its  immediate  influence  upon  the  system,  which  is  undoubtedly  stimulant,  is 
peculiar  and  is  not  followed  by  reaction  or  unpleasant  after-effects.  Habitual  use  renders 
coffee  almost  a  necessity,  even  in  those  who  are  otherwise  well  nourished  and  subjected  to 
no  extraordinary  mental  or  bodily  strain.  Taken  in  excessive  quantity,  or  in  those  unac- 
customed to  its  use,  particularly  when  taken  at  night,  it  produces  persistent  wakeful- 
ness. These  effects  are  so  well  known  that  it  is  often  taken  for  the  purpose  of  prevent- 
ing sleep. 

Experimental  researches  have  shown  that  the  use  of  coffee  permits  a  reduction  in 
the  quantity  of  food,  in  workingmen  especially,  much  below  tlie  standard  which  would 
otherwise  be  necessary  to  maintain  the  organism  in  proper  condition.  In  the  observa- 
tions of  De  Gasparin  upon  the  regimen  of  the  Belgian  miners,  it  was  found  that  the 
addition  of  a  quantity  of  coffee  to  the  daily  ration  enabled  them  to  perform  their  arduous 
labors  on  a  diet  wliich  was  even  below  that  found  necessary  in  prisons  and  elsewhere 
where  this  article  was  not  employed.  Numerous  experiments  have  shown  that  coffee 
diminishes  the  absolute  quantity  of  urea  discharged  by  the  kidneys.  In  this  respect,  as 
far  as  has  been  ascertained,  the  action  of  coffee  is  like  that  of  alcohol  and  may  reason- 
ably be  supposed  to  retard  disassimilation,  with  the  important  difference  that  it  is 
followed  by  no  unfavorable  after-effects  and  can  be  used  in  moderation  for  an  indefinite 
time  with  advantage. 

A  study  of  the  composition  of  coffee  shows  a  considerable  proportion  of  what  must 
be  considered  as  alimentary  matter.    The  following  is  the  result  of  the  analyses  of  Payen: 

Composition  of  Coffee. 

Cellulose 34-000 

Water  (hygroscopic) 12000 

Fatty  substances 10  to  18*000 

Glucose,  dextrine,  indeterminate  vegetable  acid 16*500 

Legumine,  caseine,  etc 10*000 

Chlorolipnate  of  potash,  and  caffeine 8*5  to  5*000 

Nitrogenized  organic  matter 8*000 

Free  caffeine 0-800 

Concrete,  inpoluble  essential  oil 0*001 

Aromatic  essence,  of  agreeable  odor,  soluble  in  water 0*002 

Mineral  substances;  potash,  magnesia,  lime,  phosphoric,  t-ilicic,  and  sulphuric  acid  and 

chlorine 6*697 

100*000 

The  above  is  the  composition  of  raw  coffee,  but  the  berry  is  seldom  used  in  that 
form,  being  usually  subjected  to  torrification  before  an  infusion  is  made.    The  roasting 
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fftoold  lie  condacUnl  slowly  and  gently,  until  tbo  gniins  asanme  a  clieatnut-brown  color, 
T'tirmg  this  process^  the  grams  are  considerably  swollen,  but  tbey  los<3  from  gizteen  to 
$<vetti*jt;Q.per  cent,  in  weigbt,  A  peculiar  aromatic  principle  is  also  developed  by  roasting. 
U  the  torrtfication  be  paslied  too  far,  much  of  the  agreeable  flavor  is  lost,  and  an  acrid 
mj^yrenmatic  principle  is  produced.  An  infusion  of  fifteen  hundred  grains  of  roasted 
tad  ground  cofleo  in  about  a  quart  of  boiling  water,  the  infusion  made  by  tiinjple  per- 
colattuo^  contains  about  three  hundred  grains  of  the  s<»luble  principles.  According  to 
Payen,  this  contains  about  one  hundred  and  forty  grainja  of  nitrogcnixed  matters  and 
ooe  Uundretl  and  iifty-three  grains  of  fatty,  saccharine,  and  saline  substancea.  There  is 
crery  reason  to  suppose  that  that  these  principles  are  assimilated ;  and  an  infusion  of 
ooflfec^  with  milk  and  sugar,  presents,  therefore,  a  considerable  variety  and  quantity  of 
ilimentary  matter.  The  peculiar  stimulant  effects  of  coffee  are  probably  due  to  the 
calfeine  and  volatile  oil. 

In  the  C43untries  where  coifee  is  grown,  the  leaves  of  the  shrub,  roasted  and  made  into 
&n  infusion,  are  quite  commonly  used.  Their  effects  upon  the  system  are  similar  to  those 
of  odTee,  and  it  is  said  that  the  natives  prefer  the  leaves  to  the  berry. 

Tea. 

Ad  Infusion  of  the  dried  and  prepared  leaves  of  the  tea^plant  Is  perhaps  as  common  a 
btrerage  as  coffee,  aud,  taking  into  consideration  its  immense  con.sumptioii  in  China  and 
Japan,  it  is  actually  used  by  a  greater  number  of  tjersons.  Its  effects  upon  the  system  are 
ftmilar  to  those  of  coffee,  but  are  generally  not  so  marked.  Ordinary  tea,  taken  in 
moderate  quantity,  like  coffee,  relieves  fatigue  and  increases  mental  activity,  but  doea  not 
ofnally  induce  such  persistent  wakefulness. 

It  is  uiineoei^sary  to  describe  all  the  varieties  of  tea  in  common  use.  There  are,  how- 
«Ter,  certain  varieties,  called  green  teas,  which  present  imiiortant  ditTerences,  aa  regarda 
composition  and  physiological  effects,  from  the  black  teas,  wliich  are  more  commonly 
Died*    The  foUowing  is  a  comparative  analysis  of  these  two  varieties  by  Mulder : 


Composition  of  Tea. 


CosariTULvra. 

OnDnsK 

jATiaom. 

H7.-. 

C3»,«. 

«i». 

0«K». 

rolatileoil.* ....                                    .... 

0-7^ 
2-22 

0*28 
2-22 
8^66 

n-80 

0"43 
22-80 

23'60 

SOU 

17*08 

I'M 

3'fi4 

728 
12'88 

0*46 
Ii>'88 

148 
1012 

2-80 
28-32 

0-98 
3-24 
032 

066 

Chlofophylle. , 

1-28 

Wu 

Bi-sin 

1-64       2-44 

<'*uni..      .,.,,... , 

12-21)      11  08 

Ttnafa 

I7"6a 

!     11-60 

21-68 

'   20*86 
,     8-64 
1   18-20 

14  80 

Thdiw....... ,.,...... 

065 

SstiictlTe , . . , 

18-64 

Apotbeme ..... , 

1-64 

Eitmct  obtained  by  hydrochloric  acid *. *. 

18-24 

Alhumen , , 

1-28 

Kbroua  matter , ..,,.. 

27-00 

Salts  indoded  in  the  above 

98-78 
6-66 

98-30 
5-34 

100*42 
1     4-76 

07-70 
0*36 

Both  tea  and  coffee  possess  peculiar  organic  principles.  The  active  principle  of  tea  is 
called  theine,  and  tlie  active  prhiciplo  of  coffee,  cnffeine.  As  tbey  are  *<upposed  to  be 
particularly  active  in  producing  the  pecnliar  effects  upon  the  nervous  system  which  are 
characteristic  of  both  tea  and  coffee^  there  is  good  reason  to  suppose  that  tliey  are  nearly 
identical  in  their  phyaiologioal  effects.  Theine  (or  caffeine)  exists  in  gre.iter  proportion 
in  tea  than  in  coffee ;  bnt,  as  a  rule^  much  more  soluble  matter  is  employed  in  the  prepara- 
tion of  coffee,  which  may  account  for  its  more  marked  effects  upon  the  system. 
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Green  tea,  especially  in  those  unaccnstomed  to  its  nse,  frequently  produces  nervous 
tremor,  wakefdlness,  and  disturbed  sleep — when  sleep  can  be  obtained — ^palpitations,  and 
other  disturbances  usually  termed  nervous.  In  some  persons  these  unpleasant  effects  may 
be  overcome  by  habit;  and  many  constantly  use  a  mixture  of  equal  parts  of  black  and 
green  tea  with  no  unpleasant  effects.  The  peculiar  effects  of  green  tea  are  attributed  to 
the  volatile  oil,  which  it  contains  in  great  abundance. 

Tea  is  prepared  for  drinking  by  rapidly  making  an  infusion  of  the  leaves  with  hot 
water.  The  aroma  is  impaired  by  boiling.  The  proportion  generally  used  is  about 
three  hundred  grains  of  tea  to  a  quart  of  water.  The  tea  is  first  covered  with  boiling 
water  and  allowed  to  steep,  or  ^^draw,"  for  from  ten  to  fifteen  minutes,  in  a  warm 
place ;  boiling  water  is  then  added  in  the  quantity  desired.  Green  tea,  treated  in  this 
way,  yields  about  twenty  per  cent,  of  soluble  matters,  and  black  tea,  about  twenty- 
three  per  cent. 

Chocolate, 

Chocolate  is  made  from  the  seeds  of  the  cocoa-tree,  roasted,  deprived  of  their  husks, 
and  ground  with  warm  rollers  into  a  pasty  mass  with  sugar,  flavoring  substances  being 
somethnes  added.  It  is  then  made  into  cakes,  cut  into  small  pieces  or  scraped  to  a  pow- 
der, and  boiled  with  milk  or  milk  and  water,  when  it  forms  a  thick,  gruel-like  drink, 
which  is  highly  nutritive  and  has  some  of  the  exhilarating  properties  of  coffee  or  tea. 
Beside  containing  a  large  proportion  of  nitrogenized  matter  resembling  albumen,  the 
cocoa-seed  is  particularly  rich  in  fatty  matter  and  contains  a  peculiar  principle,  theobro- 
mine, analogous  to  caffeine  and  theino,  which  is  supposed  to  possess  similar  physiological 
properties. 

The  following  is  an  analysis  by  Payen  of  the  cocoa-seeds  freed  from  the  husks  but 
not  roasted.  Torrification  has  the  effect  of  developing  the  peculiar  aromatic  principle, 
and  moderating  the  bitterness,  which  is  always  more  or  less  marked : 

Composition  of  Kernels  of  Cocoa, 

Fatty  matter  (cocoa-butter) 48  to  50 

Albumen,  fibrin,  and  other  nitrogenized  matter 21  "  20 

Theobromine 4  "     2 

Starch  (with  traces  of  saccharine  matter) 11  "  10 

Cellulose 3  "     2 

Coloring  matter,  aromatic  essence traces. 

Mineral  substances 8  to    4 

Hygroscopic  water 10  **  12 

100     100 

It  is  evident,  from  the  above  table,  that  cocoa  with  milk  and  sugar,  the  ordinary  form 
in  which  chocolate  is  taken,  must  form  a  very  nutritious  mixture.  Taken  with  a  little 
bread,  it  readily  relieves  hunger  and  supplies  nearly  all  the  principles  absolutely  necessary 
to  nutrition.  Its  influence  as  a  stimulant,  supplying  the  place  of  matter  which  is  directly 
assimilated  and  retarding  disassimilation,  is  dependent,  if  it  exist  at  all,  upon  the  theobro- 
mine ;  but  its  stimulating  properties  are  slight  as  compared  with  those  of  coffee  and  tea, 

A  drink  called  cocoa  is  sometimes  made  of  the  seeds  roasted  entire  and  mixed  with  a 
little  starchy  matter,  but  this  is  not  so  delicate  in  flavor  as  chocolate.  A  brown,  mucilagi- 
nous infusion  is  sometimes  made  of  the  husks  (shells).  This  has  a  slight  chocolate-flavor, 
but  it  does  not  possess  the  nutrient  prof)ertie8  of  the  kernels  of  cocoa. 

Condiments  and  Flavoring  Articles. 

The  refinements  of  modern  cookery  involve  the  use  of  numerous  articles  which  can- 
not be  classed  as  alimentary  principles.     Pepper,  capsicum,  vinegar,  mustard,  spices,  and 
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t  of  this  class,  wbich  are  so  commonly  nsed^  with  the  various  compound  sauces, 
hive  no  tledded  infloeace  on  nutrition,  <?3£cept  in  so  far  as  they  promote  the  eecreticm  of 
tbe  digestive  flnids.  Common  salt^  however,  as  we  have  already  seen,  is  very  important, 
aad  this  has  been  considered  tinder  the  head  of  inorgaaie  alimentary  principles,  Tho 
TirioQs  flavoring-  seeds  and  leaves^  truffles,  mtishrooms,  etc.,  have  no  physiological  impor> 
Unce  except  m  they  render  articles  of  food  more  palatable. 

QiiantiUj  and  Variety  of  Food  necessart/  to  A^utrition. 

The  inferior  animala,  especially  those  not  subjected  to  the  infiaence  of  man,  regulate 
by  instinct  the  quantity  and  kind  of  food  which  they  cooaume.  The  same  h  true  of  man 
during  the  earliest  periods  of  his  existence ;  hut,  later  iu  life,  the  diet  is  variously  modi- 
fied by  taste,  habit,  climate,  and  what  may  be  termed  artiticial  wants.  It  is  usiiaUy  a 
iafe  ml©  to  follow  the  appetite  with  rcg:ard  to  quantity,  and  tlie  tastes^  when  they  are 
noi  manifestly  vitiated  or  morbid,  with  regard  to  variety.  The  cravings  of  Nature  indi- 
cate when  to  change  the  form  in  which  nutrimeot  is  taken;  and  that  a  sufhcient  quan- 
tity has  been  taken  is  manifested  by  a  sense,  not  exactly  of  satiety,  but  of  evident  satis- 
fciction  of  the  demands  of  the  !^ystem»  During  the  first  periods  of  life,  the  supply  must 
be  a  little  in  excey^s  of  the  artiial  lo^s,  in  order  to  furnish  materiids  for  growth;  during 
tbe  later  periods,  tlie  quantity  of  nitrogenijted  matter  iis.siroilated  is  somewhat  less  than 
the  loss;  but,  in  adult  age,  the  system  is  maintaiued  at  a  tolerably  definite  standard  by 
the  assimilation  of  material  about  equal  in  quantity  to  that  which  is  discharged  in  the 
form  of  excretions. 

Although  the  loss  of  substance  by  disassimilation  creates  and  regulates  the  demand  for 
food,  it  is  an  important  fact,  never  to  he  lost  sight  of,  that  tlie  supply  of  food  has  a  very 
great  influence  upon  the  i^iiantity  of  the  excretions.  As  an  illuatratiou  »jf  this,  we  may 
tike  the  influence  of  food  upon  the  exhalation  of  carbonic  acid ;  and  this  is  but  an 
example  of  what  takes  place  with  regard  to  other  excretions.  The  quantity  of  the 
^xcretion^  is  even  more  strikingly  modified  by  exercise,  whicli,  within  physiological 
limits,  increases  the  vigor  of  the  system,  provided  the  increased  quantity  of  food  required 
Ik*  supplie<L 

While  a  certain  amount  of  waste  of  the  system  is  inevitable,  it  is  a  conservative  pro* 
rUion  of  Nature,  tliat,  when  the  supply  of  new  material  is  dimiElshed,  life  is  preserved^ — 
a«it,  indeed,  in  all  ita  vigor — by  a  corresponding  reduction  in  the  quantity  of  excre« 
ijoos;  and,  in  the  same  way,  the  forces  are  retained  after  complete  deprivation  of  food 
much  longer  than  if  disassimilation  proceeded  always  with  the  same  activity. 

A«  regards  the  quantity  of  food  necessary  to  maintain  the  system  in  proper  condition, 
it  is  evident  that  this  must  be  greatly  modified  by  habit,  climate,  the  condition  of  the 
modular  system,  age,  sex,  etc.,  as  well  as  idiosyncrasies. 

The  daily  loss  of  substance  which  must  he  supfdied  by  material  introduced  from  with- 
oat  is  very  great.  A  large  portion  of  this  discharge  takes  place  by  the  lungs,  and  a  con- 
flderation  of  the  mode  (♦f  intruduetio'n  of  gaseous  principles  to  supply  part  of  this  waste  be- 
to  the  subject  of  respiration.  The  most  abundant  discharge  which  is  compensated  by 
rption  from  the  alimentary  canal  is  that  of  water,  both  in  a  liquid  and  vaporous  con- 
ditloQ.  Tlie  entire  quantity  of  water  daily  removed  from  the  system  has  been  estimated 
it  iihout  four  and  a  half  pounds ;  and,  assuming  that  there  is  nr*  evidence  of  the  prmluc- 
Uon  of  water  in  the  organism,  an  equal  quantity  must  necessarily  ho  introduced.  The 
(lUiinUty  which  is  taken  in  the  form  of  drink  varies  with  the  character  of  the  food.  When 
tbc  solid  articlea  contain  a  large  proportion  of  water,  the  quantity  of  drink  may  Iw  di- 
minished ;  and  it  is  possible,  by  talcing  a  large  proportion  of  the  watery  vegetables,  to 
eiist  entirely  without  drink.  There  is  no  article  the  consiimption  of  which  is  so  much 
B  matter  of  habit  as  water,  any  excess  which  may  be  taken  being  readily  removed  by  the 
kiilneys,  skin,  and  lungs.  Prof.  Dal  ton  estimates  the  daily  quantity  necessary  for  a  full- 
grown,  healthy  male,  at  fifty-two  fluid  ounces,  or  3'38  lbs.  avoirdupois. 
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The  quantity  of  solid  food  necessary  to  the  proper  nourishment  of  the  body  is  shown 
by  estimating  the  solid  matter  in  the  excretions ;  and  the  facts  thus  ascertained  corre- 
spond very  closely  with  the  quantity  of  material  which  the  system  has  been  found  to 
actually  demand.  The  estimates  of  Payen,  the  quantity  of  carbon  and  of  nitrogenized 
matter  in  a  dry  state  being  given,  are  generally  quoted  and  adopted  in  works  on  physiol- 
ogy.   According  to  this  observer,  the  following  are  the  daily  losses  of  the  organism : 

Carbon  (or  its  equivalent). . . .  |  ^^^'  ''^'j^'  \  4,m-«4  g«.  (10-.8  oz.  ...) 

Nitrogenizcd  substances (with  808*68  gis.  of  nit.)     2,006*42  gra.  (  4*68  oz.  av.) 

6,800-96  gra.  (16*51  oz.  av.) 

From  this  he  estimates  that  the  normal  ration,  supposing  the  food  to  consist  of  lean 
meat  and  bread,  is  as  follows : 

Nitrogenlxed  solMUuiceB.  Carbon. 

Bread 16,434      grs.  (36*27  oz.)  =  1,080*38  grs.        and  4,630*2    grs. 

Meat 4,41212  gra.  (10*09  oz.)  =     930*06  gra.        and  485*65  gre. 

19,84612  gra.  (45-36  oz.)       2,010*43  grs.  6,116*75  gre. 

This  daily  ration,  which  is  purely  theoretical,  is  shown  by  actual  observation  to  be 
nearly  correct.  Prof.  Dalton  says :  "  From  experiments  performed  while  living  on  an 
exclusive  diet  of  bread,  fresh  meat,  and  butter,  with  coffee  and  water  for  drink,  we  have 
found  that  the  entire  quantity  of  food  required  during  twenty-four  hours  by  a  man  in 
full  health  and  taking  free  exercise  in  the  open  air,  is  as  follows : 

Meat 16    ounces,  or  1*00  lb.  avoirdupois. 

Bread 19         "        "1*19"  " 

Butter  or  fat 3i      "        "  022  "  " 

Water 62    fluid  oz.  "  3*88  "  " 

That  is  to  say,  rather  less  than  two  and  a  half  pounds  of  solid  food,  and  rather  over 
three  pints  of  liquid  food." 

Bearing  in  mind  the  great  variations  in  the  nutritive  demands  of  the  system  in  differ- 
ent persons,  it  may  be  stated,  in  general  terms,  that,  in  an  adult  male,  from  ten  to  twelve 
ounces  of  carbon  and  from  four  to  five  ounces  of  nitrogenizcd  matter  (estimated  dry) 
are  discharged  from  the  organism  and  must  bo  replaced  by  the  ingesta ;  and  this  de- 
mands a  daily  consumption  of  from  two  to  three  pounds  of  solid  food,  the  quantity  of 
food  depending,  of  course,  greatly  on  its  proportion  of  solid,  nutritive  principles. 

It  is  undoubtedly  true  that  the  daily  ration  has  frequently  been  diminished  consider- 
ably below  the  physiological  standard  in  charitable  institutions,  prisons,  etc. ;  but,  when 
there  is  complete  inactivity  of  body  and  mind,  this  produces  no  other  effect  than  that  of 
slightly  diminishing  the  weight  and  strength.  The  system  then  becomes  reduced  with- 
out any  actual  disease,  and  there  is  simply  a  diminished  capacity  for  labor.  But  in  the 
alimentation  of  large  bodies  of  men  subjected  to  exposure  and  frequently  called  upon 
to  perform  severe  labor,  the  question  of  food  is  of  vital  importance,  and  the  men  collec- 
tively are  like  a  powerful  machine  in  which  a  certain  quantity  of  material  must  be  fhr- 
nished  in  order  to  produce  the  required  amount  of  force.  This  important  physiological 
fact  is  most  strikinjjjly  exemplified  in  armies ;  and  the  history  of  the  world  presents  few 
examples  of  warlike  operations  in  which  the  efficiency  of  the  men  has  not  been  impaired 
by  insufficient  food. 

The  influence  of  diet  upon  the  capacity  for  labor  was  well  illustrated  by  a  compari- 
son of  the  amount  of  work  accomplished  by  English  and  French  laborers  in  1841,  on 
a  railroad  from  Paris  to  Rouen.     The  French  laborers  engaged  on  this  work  were 
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iNS^  fim  to  perform  only  nbotit  two-thirds  of  the  labor  accniDpIished  hj  the  EogHsli* 
ft  m  enacted  that  this  was  due  to  the  iiioro  substantitti  dit*t  of  the  Enghsfi,  which 
prored  to  be  tho  fact ;  for,  when  the  French  laborers  were  snbjeoted  to  a  similar  rcgi- 
giill,  they  were  able  to  aec^ompUsli  mi  eqnal  amoant  of  work.  In  all  observations  of  Uiis 
kind,  and  thej  are  very  numerous,  it  has  been  shown  that  an  ivnimal  diet  is  much  more 
fiirorAhk*  to  tho  development  of  the  physicaJ  forces  than  one  eonsistinf,^  muiDly  of  rege- 


OUmato  his  an  important  influence  on  the  quantity  of  food  demanded  by  the  system, 
n  h  generally  acknowledged  that  the  consumption  of  all  kinds  of  food  Is  greater  in  cold 
tka&  in  warm  climates,  Hnd  almost  every  one  has  experienced  in  his  own  person  a  con- 
iddi^rmhle  difference  in  the  appetite  at  different  seasons  of  the  year,    Travelerti'  accoanta 
^Uii»qa&titity  of  food  taken  by  the  natives  of  the  frigid  zone  are  almost  incredible. 
HwjafieftlC  of  nien  consuming  over  a  hundred  pound**  of  meat  in  a  day;  and  a  Russian 
•dmtra],  Saritchetf,  mentiona  an  inf^taneo  of  a  man  who,  in  bis  preseuce^  ale  at  a  singrle 
_  isl  m  mf**i  of  boiled  rice  and  butter  weipbing  twenty*eight  pounds.     Although  it  is 
^^Kdih  to  regard  these  statements  with  entire  contideDce,  the  general  opinion  that  the 
m^^to  is  gTeat*jrr  in  cold  than  in  warm  climates  h  undoubtedly  well  founded.     Dr. 
Hif  •s  ^^^  Arctic  explorer,  states,  from  his  personal  observation,  that  the  daily  ration 
oC  tlie  Eaqmuiaitx  is  from  twelve  to  fifteen  pounds  of  meat,  about  one- third  of  whidi  la 
111     Oa  oiie  occasion  he  saw  an  Esquimau  consume  ten  pounds  of  walrus-tlesh  and 
yablMr  at  a  single  ineal,  which  lasted,  however,  several  hours.     The  continued  low 
ttm^eriiciro  he  ft>and  had  ji  remarkable  effect  on  the  tastes  of  his  own  party.     AVith  the 
ranging  from  —60°  to  —70**  Fahr.,  there  was  a  continual  craving  for  a 
imlioal  diet,  particularly  fatty  substances.     Some  members  of  the  party  were  in 
^lisbii  of  drinking  the  contents  of  the  oil-kettlo  with  evident  relish. 

Ntcessity  of  a  Varied  Diet 

In  cQHUEidering  the  nutritive  value  of  the  various  alimentary  principles,  the  fact  that 

one  of  them  is  capablu  of  supplying  all  the  mnturial  for  the  regeneration  of  the 

has  frequently  been  menttoued.     The  normal  appetite,  which  is  our  best  guide 

•  ropkrdA  the  quantity  and  the  selection  of  food,  indicates  that  a  varied  diet  is  necessary 

t»pnii{HT  nntrition*    Tins  fact  is  also  exemplified  in  a  marked  degree  in  long  voyages 

mi  in  Uio  alimentation  of  armies,  when,  from   noccasity  or  otlierwise*  the  necessary 

iviety  of  aliment  is  not  presented.     Analytical  chemistry  fails  to  show  why  this  change 

k  altsKOitary  principles  is  necessary,  or  in  what  the  deficiency  in  a  single  kind  of  diet 

iQBMa;  Iwil  it  is  nevertheless  true  that,  after  the  organic  constituents  of  tho  organism 

tot  iprpropriRted  the  nutritions  elements  of  particular  kinds  of  tood  for  a  certain  time, 

ttn^lflae  this  |>ower  of  inducing  the  changes  neressary  to  proper  nutrition,  and  a  supply 

»f  aW  material  is  imperatively  demanded.     This  ffiet  is  particularly  well  marked  when 

aomiats  in  groat  part  of  salted  moats,  although  it  is  also  the  case  when  any  single 

•ir.*;  of  fr^h  meat  i«  constantly  used.     After  long  confinement  to  a  diet  restricted  as 

rifvtb  variety,  a  enpply  of  other  material,  such  as  fresh  vegetables,  the  organic  acids, 

ii^  ir(icl«s  which  are  called  generally  anti-scorbutics,  becomes  indispensable ;  otherwise, 

ilwnnnlifieiittons  in  nutrition  and  in  the  constitution  of  the  blood  incident  to  the  scor* 

'    'n  are  almonJ  sure  to  be  developed. 

]^  apparent  that  adequate  quantity  and  proper  quality  of  food  are  not  ail 

■  •'■  required  in  anmentation ;  and  those  wb<»  have  the  responsibility  of  regulating 

f  nf  A  Urge  number  of  persons  must  bear  in  mind  the  fact  that  the  organism  de- 

••nsiderflble  variety.     Fresh  vegetables,  frnits,  etc.,  should  be  taken  at  the  proper 

It  is  almost  always  found,  when  there  is  of  necessity  some  sameness  of  diet, 

**fe  la  a  general  craving  for  particular  articles,  and  these,  if  possible^  should  be 

L    Thta  was  frequently  exemplified  in  the  late  war.     At  times  when  the  diet  waa 
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necessarily  somewhat  monotonons,  there  was  an  almost  universal  craving  for  onions  and 
raw  potatoes,  which  were  found  by  the  surgeons  to  be  excellent  anti-scorbutics. 

With  those  who  supply  their  own  food,  the  question  of  variety  of  diet  generally 
regulates  itself;  and  in  institutions,  it  is  a  good  rule  to  follow  as  far  as  possible  the 
reasonable  tastes  of  the  inmates.  In  individuals,  particularly  females,  it  is  not  uncommon 
to  observe  marked  disorders  in  nutrition  attributable  to  want  of  variety  in  the  diet  as 
well  as  to  an  insuflScient  quantity  of  food,  as  a  matter  of  education  or  habit. 

The  physiological  effects  of  a  diet  restricted  to  a  single  alimentary  principle  or  to  a 
few  articles  have  been  pretty  closely  studied  both  in  the  human  subject  and  in  the  inferior 
animals.  Magendie  demonstrated  long  ago  that  animals  subjected  to  a  diet  composed 
exclusively  of  non-nitrogenized  articles  die  in  a  short  time  with  all  the  symptoms  of 
inanition.  The  same  result  followed  in  dogs  confined  to  white  bread  and  water;  but 
these  animals  lived  very  well  on  the  military  brown  bread,  as  this  contains  a  greater 
variety  of  alimentary  principles.  Facts  of  this  nature  were  multiplied  by  the  '^  gelatine 
commission/*  and  the  experiments  were  extended  to  nitrogenized  substances  and  articles 
containing  a  considerable  variety  of  alimentary  principles.  In  these  experiments,  it  was 
shown  that  dogs  could  not  live  on  a  diet  of  pure  musculine,  the  appetite  entirely  failing,  at 
from  the  forty-third  to  the  fifty-fifth  day.  They  were  nourished  perfectly  well  by  gluten, 
which,  as  we  have  seen,  is  composed  of  a  number  of  dififerent  alimentary  principles. 
Among  the  conclusions  arrived  at  by  this  commission,  which  bear  particularly  on  the 
questions  under  consideration,  were  the  following: 

**  Gelatine,  albumen,  fibrin,  taken  separately,  do  not  nourish  animals  except  for  a  very 
limited  period  and  in  a  very  incomplete  manner.  In  general,  these  substances  soon 
excite  an  insurmountable  disgust,  to  the  point  that  animals  prefer  to  die  of  hunger  rather 
than  touch  them. 

"  The  same  principles  artificially  combined  and  rendered  agreeably  sapid  by  season- 
ing are  accepted  more  readily  and  longer  than  if  they  were  isolated,  but  ultimately  they 
have  no  better  influence  on  nutrition,  for  animals  that  take  them,  even  in  considerable 
quantity,  finally  die  with  all  the  signs  of  complete  inanition. 

**  Muscular  flesh,  in  which  gelatine,  albumen,  and  fibrin  are  united  according  to  the 
laws  of  organic  nature,  and  when  tliey  are  associated  with  other  matters,  such  as  fat, 
salts,  etc.,  suflSces,  even  in  very  small  quantity,  for  complete  and  prolonged  nutri- 
tion." 

In  Burdacli's  treatise  on  physiology,  is  an  account  of  some  interesting  experiments  by 
Ernest  Burdach  on  rabbits,  showing  the  influence  of  a  restricted  diet  upon  nutrition. 
Three  young  rabbits  from  the  same  litter  were  experimented  upon.  One  was  fed  with 
potato  alone  and  died  on  the  thirteenth  day  with  all  the  oppearances  of  inanition. 
Another  fed  on  barley  alone  died  in  the  same  way  during  the  fourth  week.  The  third 
was  fed  alternately  day  by  day  with  potato  and  barley,  for  three  weeks,  and  afterward 
with  potato  and  barley  given  together.  This  one  increased  in  size  and  was  perfectly 
well  nourished. 

In  1769,  long  before  any  of  the  above-mentioned  experiments  were  performed,  Dr. 
Stark,  a  young  English  physiologist,  fell  a  victim  at  an  early  age  to  ill-judged  experiments 
on  his  own  person  on  the  physiological  eflccts  of  diflTerent  kinds  of  food.  He  lived  for 
forty-four  days  on  bread  and  water,  for  twenty-nine  days  on  bread,  sugar,  and  water,  and 
for  twenty-four  days  on  bread,  water,  and  olive-oil;  until  finally  his  constitution  became 
broken,  and  he  died  from  the  effects  of  his  experiments. 
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CHAPTER    VII. 
Bwmnoy,  mastication,  insauvatiqn,  akd  deglutition. 

V  of  tilt  41g«(»UTci  iip|idr«ta»— PpplifiQalao  of  soJIda  aimI  liquids— Mafttlcatlan—^PbfKloki^ca]  Anat- 
ODj  tft  the  tt^th — AiuttoiTijr  of  the  tntxllkiy  bo»e^>Tvti)]Mmwu«xni]irr  wrtlcuIitUDii—Mmclefr  of  ma«ti(»Uofl — 
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Tte  iooi^nic  allmetitary  prmciples  are,  with  fow  exoepti(>n%  introduced  in  the  form 
m  wWch  tbey  exist  in  the  blood  and  rtj<iuiro  no  preparation  or  chungre  before  they  are 
bnt  the  organic  nitrogenized  principles  are  always  united  with  more  or  less 
'  possessing  no  nutritive  properties,  from  which  they  must  hv  separated,  and,  even 
pores,  lliey  always  undergo  certain  changes  before  they  become  part  of  tlie  great 
HlHtiT«  flaid.  The  non -nitrogen i zed  principles  also  undergo  changes  in  constitution  or 
to  IbiiB  preparatory  to  absorption.  With  the  varied  forma  in  which  food  is  taken  by 
diffbrfiii  animals^  we  find  great  di^erenecs  In  the  arrangement  of  the  digestive  apparatus, 
ifm  thQ  ilmple  pouch  w  ith  a  single  oritice,  w  hieh  eouBtitutea  the  entire  digestive  system 
Ummnj  of  the  infusorial  animalculegy  ti»  the  immense  length  of  intej^line^  with  itn  numer 
m$  glmdiiLir  ai^pendugea,  found  in  the  nmmrnnlia.  In  tlie  higher  classes  of  auimalfl, 
pnl  diiferenres  exist  in  the  anatomy  of  the  digestive  organs,  particularly  as  regards  tljo 
lagCb  and  capacity  of  the  aliment ary  canal.  In  the  carnivora,  in  which  the  fond  con- 
eomparatively  little  indigestible  residue,  the  intestine  is  hut  three  or  four  times  the 
of  ihe  body  (i.  #,  from  the  mouth  in  the  nnus),  and  the  colon,  which  receives  tho 
rMidM  of  digestion,  is  of  imall  capacity;  whilo  in  the  herbivora,  in  which  the  bulk  of 
fsod,  ocisopared  with  its  nutritious  principles,  is  enormous,  there  are  frequently  four  dis- 
tioci  eavhies  to  the  ttomach,  and  the  intestine  \s  ten,  twelve,  and  in  some  (the  sheep) 
iY«llly«eagbt  times  the  length  of  the  ho<ly,  with  a  colon  of  very  large  size.  The  food  of 
toili  1*  d^frived  from  both  t!ie  animal  and  the  vegetable  kingdom,  and,  in  relative  length 
«i4  cmpftTJtj,  tho  alimentary  canal  is  between  that  of  the  carnivora  and  the  herbivora, 
Uiii^  frotu  (^ix  to  »even  tinier  the  length  of  the  body. 

A  M]  tiical  probably  occupies  from  two  to  four  hours  in  ita  digestion,  this  depending, 

,  upoQ  the  kind  of  foml,  the  fineness  of  its  comminution  by  mastication,  etc.    The 

irn  tiiken  into  the  stomach  consist  generally  of  all  varieties  of  alimentary  principles, 

i  tbey  Are  exposed  to  certain  mochanicai  processes  in  the  mouth  and  alimentary  camd 

A  to  tho  Action  of  various  secreted  fluids. 

la  tho  mouth,  the  fond  is  divided,  as  occasion  demands,  by  the  incisor  teeth,  and 
piiM^  by  tho  action  of  the  chc*eks  and  tongue,  between  the  molars,  where  it  is 
to  Eiiiistication.  During  this  process,  it  is  mixed  with  the  various  tluids  which 
iOn^Oit  lli«  ialiva  and  becomes  more  or  less  coated  with  the  tenacious  secretions  of  the 
mmeotm  fonicle*  of  the  buccal  cavity.  It  h,  or  should  be,  reduced  in  the  mouth  to  a  pul- 
tM>y>m  CiiAfM,  with  wldch  the  saliva,  particularly  that  from  the  parotid  gland,  i*  thoroughly 
UMor|Miriited.  The  secretion  of  the  submaxillary  and  the  sublingual  gland,  being  moro 
fitciti,  luu  a  tendency  to  c<jat  the  exterior  of  the  alimentary  bolus. 

Bj  tlitt  action  of  the  tongue,  the  alitnentary  bolus,  after  maatication,  is  passed  back  to 
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the  pharynx,  where^  by  the  suoceasiTe  action  of  the  coni*tnctor  muscles,  it  ts  forcecl 
into  the  cusopLugus.  This  tub«  leads  I'ruui  the  pharynx  to  the  .stomach  and  is  provided 
with  thick  muscular  walls,  by  the  contraction  ut'  whicli  the  lood  la  passtsd  into  thiscaviiy, 
which  serves  ut  once  as  a  receptHclo  for  th<»  food  and  an  importunt  active  organ  in 
digestion « 
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fio.  4T*— «S5fowaM,  Wr^,  rnntjU  inUftitu,  fie    (Sappcy.) 

i<*b*  €tr  th0  Httr;  5,  dltpbtagrn ;  ft,  lower  [  7,  htovntjch ;  \  gutro-bepattc  oroootltlii;  t, 

iplc>«n;    ICJI.  nitrotpltnto  omeotum ;   1 1,  inteUine;  l^ctrcum;  W^afrfHOMiim  wm^ 


The  stomnch  fs  co\*cred  externally  by  the  general  peritoneal  covering  of  the  abdoniinj 
organs.  It  is  provided  with  a  mucous  membrane,  which  secretes  the  gastric  jnice  an^ 
absorbs  the  water  witli  inorp:ftnic  and  other  principles  in  solution.  The  stomach  al^ohaff 
mndcnlar  walls,  compost d  of  imstriped  muscular  Hbres  arranged  in  two  principal  layers* 
Nearly  all  the  principles  contained  in  food  are  nioditied  by  the  gastric  juice,  and  some  arc 
comjtletely  liquefied  and  absorbed  in  the  stomach.  By  tlie  action  of  the  gastric  juice,  the 
food,  eornminnted  and  incorporated  with  the  fluids  of  the  month,  is  farther  reduced  to  a 
poltoceoua  mass,  which  was  formerly  called  t!ie  chyme,  the  mu3(5ular  movements  of  th«» 
stomach  turning  it  over  and  over^  so  that  it  becomes  thoroughly  incorporated  with  tlse 
fluids.  These  movements  have  a  tendency  to  force  the  food,  as  it  becomes  sufficiently 
]k|uefied,  into  the  small  intestine ;  and  a  collection  of  circnlar  mnsonlar  fibres,  called 
soraetimes  the  pyJoric  muscle^  stands  at  the  pylorus  m  a  guard,  allowing  the  liquid  por- 
tions to  pass  gradually  through,  but  sendinp  back  the  larger  masses  to  be  farther  acted 
upon  in  the  stomach.     By  these  movements,  a  great  portion  of  the  food,  prepared 
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lAch^  is  ilowlx  farcetl  into  tlie  bihaU  iDtestine.    This  tubCf  ^tn  fifteen 

to  IV0IIIT  feet  in  length,  is  covered  wttli  peritoneum  and  luo84>]y  bound  to  the  dpiuul 

eolmnn  bjr  the  mesentery*  which  is  formed  of  the  two  folds  of  the  peritoneum  and  h 

flttHkimily  long  to  alh>w  of  free  movements  of  the  intestined  over  each  other  and  iu  the 

^bdamlmJ  cavity,  except  th«  first  few  inehe^i,  where  it  is  pretty  tirmly  attached  to  the 

IkOHonor  abdominal  waih     TLl^  snmll  intestine  commences  by  a  dilated  portion  eight  or 

Its  liiritir«  in  length,  calked  the  duodenum.     The  remainder  is  divided  into  the  jejunum 

tad  tlie  ileum*     The  tV>rracr  embraces  the  upper  twt>*f}lthB  of  the  intestine,  but  there  is 

QD  4li^ct  line  of  separation  between  it  and  the  ileum.     The  mucous  membrane  lining 

tibt  sdaH  miestine  i»  thlck^  provided  with  an  immense  number  of  villi,  and,  particularly 

ii  t^  ttftper  poriioni  is  thrown  into  transverse  folds^  which  are  called  the  valvulte  cod- 

The  vfllvulaj  conniventes  disappear  in  the  lower  part  of  the  ileum.     They  are 

to  the  human  subject.     Thitkly  set  in  the  upper  part  of  the  duodenum  and  8cat- 

t.  -  lower  portion  and  the  upper  part  of  the  jejunum,  are  smitU  compound 

fu  ilio  glands  of  Brunner;  and  throughout  the  whole  of  the  intestine  are 

naple  follicles,  called  the  follicles  of  Liebcrktthn.     These  glandular  organs  secrete  the 

intactlnivl  J  nice*      An  the  food  pa^ssef^  from  the  stomach  into  the  intestine^  it  imbibes 

file  bile  and  pimereatic  juice,  which  are  poured  into  the  duodenmn,  aa  well  aa  tlie  intea- 

liaai  jnire. 

Betwet^n  the  n)ui!oas  membrane  of  the  amall  intestine  and  the  peritoneum,  ore  two 
l^ycTi  of  un8trii»ed  muscMilar  fibres,  by  tlie  progressive  peristaltio  action  of  which  the 
lbo4  11  f»a«»«ed  <ib>wly  on  toward  the  large  intestine.  The  alimentary  principles,  liquefied 
aal  ^T  digestion,  are  gradually  ab^rbed  by  the  blood- veaeels  of  the  inteatinal 

mc^oti*  1 143  and  by  the  lacteals. 

The  indigestible  re^sidue  of  the  food  is  passed  by  peristaltic  action  into  the  large  intea- 
liae,  Tliia  portion  of  the  alimentary  canal  is  from  four  to  six  feet  in  length  ;  and,  like 
il«  fcmall  int^fitiDe,  it  has  a  peritoneal,  mucous,  and  muscular  coat.  Under  ordinary  con- 
4itiiina  the  large  intestine  is  not  concerned  in  di^'estion.  It  simply  retain^i  the  residue  of 
\iw»t  with  certain  exerenientilioaa  subslaneeii,  until  its  contents  are  expelled  by  the  act 
of  dffittoUion, 

Prehension  of  SolicU  and  Liquids. 
Tl>o  diEerent  modea  of  prehension  form  a  very  interesting  part  of  the  physiology  of 
#pitk«o  in  tlie  inferior  animals ;  but,  in  the  human  subject,  the  process  is  &o  simple  and 
•ell  buiiTD  that  it  demands  nothing  more  than  a  pa&sing  mention.  The  mechanlssm  of 
parting  in  the  infant  and  of  drinking  ta  a  little  more  complicated*  In  sucking,  the  lipa 
mt  doietl  around  the  nipple,  the  velum  pendulum  palati  is  applied  to  the  back  of  the 
taOf  na  ao  lis  to  close  the  buccal  Ciivity  posteriorly,  and  the  tongue,  acting  as  a  piston, 
Pfodaoet  a  tendency  to  a  vacuum  in  the  mouth,  by  which  the  liquids  are  drawn  in  wnth 
fOMldtrable  force.  This  may  be  done  indi-pendently  of  the  act  of  respiration,  which  ia 
aicsMarilj  arrested  only  during  deglutition;  for  the  mere  act  of  sucti<fn  luts  never  any 
Ikkaig  to  do  with  the  condition  of  the  thoracic  walls.  The  mechanism  of  drinking  from 
ATaaiel  is  c^seutiully  the  f^me.  The  ve^tsel  is  inclined  so  that  the  lipj^  are  kept  covered 
i  the  liquid  and  are  closed  around  the  edge.  By  a  gentle,  sucking  action  the  liquid  is 
ifitrodnccd.  This  is  the  ordinary  mechanism  of  drinking;  but  sometimes  the  head 
('tlbFDwn  ttack  and  the  litpiid  is  poured  into  the  mouth,  as  in  ^^  tossing  olf  ^^  the  contents 
•C  a  aOMill  rcfisel  as  a  wine-glass. 

Mastication, 

ia  xur  ii  *  iect,  mechanical  division  of  food  in  the  mouth  is  neither  so  com- 

ij  and  V  effeet4L^d  as  in  the  herbivora,  particularly  the  ruminants,  nor  is  the 

■ft  iir»  rapiU  aud  imperfect  as  in  the  carnivora.  In  order  that  digestion  may  take 
fimm  in  a  perfectly  natunU  manner,  it  is  necessary  that  the  food,  as  it  is  received  into 
tbf  atoQiAcb,  sbonld  be  so  far  comminuted  and  Incorporated  with  the  fluids  of  the  mouth 
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m  to  be  readUj  Acted  upon  bj  the  g&Btrio  juice ;  otherwise  stomach-digest  ion  is  pro- 
longed and  difficolt.     Non-observance  of  this  pbysioluj^iciil  law  is  a  frequent  cause  ofi 
what  IS  general!  J  called  dyspepsia.     In  aoiumb  that  do  not  masticate^  as  in  some  which  J 
live  e3[clu$ively  on  flesh,  t-lic  process  of  stomach-digeistiou  is  much  more  prolonged  tlian  inl 
the  human  subject,  even  when  the  diet  is  the  same ;  and  it  is  found  that  while  man  mn^  [ 
as  a  role,  take  food  two  or  ttjree  times  in  the  day,  the  carnivorous  animals  are  generally j 
beet  nuuriBhed  when  fot^,  in  proper  quantity,  is  taken  but  once  in  ihe  twenty-four  hours. 
Id  the  camivora,  the  proportionate  quantity  of  food  is  greater  than  in  man,  and  dlges- 
tion  is  muL-h  luure  prolonged. 

The  oompnrative  anatomy  of  the  organs  of  ma^ication  makes  it  evident  that  the! 
human  race  is  designed  to  live  on  a  mixed  diet ;  but  experience  has  shown  that  man  can 
be  nourished  for  an  indetlnite  period  un  a  diet  composed  exclusively  of  either  animal, 
or  vegetable  principles. 

Phytiolog-ieal  Anatomy  of  the  Organs  of  Mmtkation, — In  the  adult,  each  jaw  U  pro- 
vided w  ith  sixteen  teeth,  all  of  whicli  are  about  equally  well  develojied.    The  canine%  ] 
so  largely  developed  in  the  camivora  but  which  are  rudimentary  in  the  herbivora^  aad 
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Fio.  4^>~^Permaneni  r«tf/A.    ( ]>  Bon. ) 
The  exttrcti]  portJooA  of  the  miudUafy  hontm  bsve  becit  removed  to  show  the  rooti  of  tlie  teeth. 

the  incisors  and  molars,  so  perfectly  developed  in  the  herbivora,  are,  in  man,  of  nearly 
the  same  length.  Each  tooth  presents  for  anatotnical  (ioscription  a  crown,  a  neck,  and 
a  root,  or  fang,  The  crown  is  that  portion  wltioh  is  entirely  uncovered  by  the  gums; 
the  root  is  that  portion  embedded  in  the  alveolar  cavities  of  the  maxillary  bones ;  and 
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b  the  |»ortion,  sometimes  slight]^  constncted,  situated  between  the  cromn  and 
fOOl*  covered  by  the  edge  of  the  gruni,     Thin  sections  of  the  teeth  show  t(jat  they 

^  ooiofioseil  of  several  diBtinet  structures. 

E^msl  of  the  T<eeth, — The  crown  is  covered  by  the  enamel^  which  is  by  far  the 

structure  in  the  economy.     This  is  white  and  gUsteuing  and  is  thickest,  oo  the 

portion  of  the  tooth,  especially  over  die  surfaces  which»  from  being  ui>po»ed  to 

L  other  on  either  jaw,  are  most  exposed  to  wear.  It  here  exists  hi  several  concentric 
The  incrastation  of  enamel  becomes  gradually  thinner  toward  the  neck,  where 
k  Micxoscopical  examination  shows  that  the  eiiamel  in  made  up  of  peutagonal  or 
rods,  one  end  resting  upon  the  subjacent  structure,  aud  the  other,  when  there 
Init  a  single  layer  of  enamel,  terminating  just  beneath  the  cuticle  of  the  teeth* 
Hb^  btnlliess  of  the  enamel  varies  in  dilferent  pcrsoDS.  In  some  it  is  so  soft  that  in  mid- 
IHt  tyi»  it  becomes  worn  away  from  the  o[»posing  surfaces,  and  occasionally  the  teeth  are 
irani  dovn  almost  to  the  gams ;  while  in  others  the  euamel  rumaina  over  the  crown  of 
^  tooth  eren  in  old  age. 

The  exposed  surfaces  of  the  teeth  are  still  farther  protected  by  a  membrane,  from 
gfl^^  Co  'frhrt  ^^  ^^  ^^^h  in  thicknesai,  closely  udherent  to  the  euamel,  called  the  cuticle 
id  the  enamel.  This  delicate  membrane  may  be  demonstrated  in  thin  sections  of  young 
UtAh  hj  the  addition,  under  the  microscope,  of  weak  hydrochloric  acid.  The  acid  at- 
tieks  the  enamel^  producing  little  bubbles  of  gas  which  press  out  the  membrane  from 
tbeedge  of  the  preparation  and  thus  render  it  apparent.  The  cuticle  presents  a  strong 
iHlstiiJioe  to  reagents  and  is  undoubtedly  very  useful  in  protecting  the  teeth  from  the 
icCioo  of  acids  which  may  find  their  way  into  the  month. 

J^miint,— The  largest  portion  of  tlie  teetli  U  composed  of  a  peculiar  structure  called 
tetise,  or  ivory.  In  many  respet^t^,  particularly  in  It^  composition^  this  resembles 
Iom;  but  it  is  mueh  hanler,  and  does  not  posse.ss  tlie  lacume  and  canaUcuU  which  are 
ebaracteristic  of  the  true  osseous  structure.  The  dentine  bounds  and  encJ<»se3  the  cen- 
tnlaavity  of  the  tooth,  extending  iu  the  crown  to  the  enamel  and  in  the  root,  to  the 
OHMllt.  It  is  formed  of  a  homogeneous  fundamental  anbstance,  which  is  penetnUed 
if  an  tmoienao  uomber  of  canals  radiating  from  the  pulp-cavity  toward  the  exterior, 
TbaM  ar«  called  the  dentinal  tubules  or  canals.  They  are  from  ^^^^n^  to  ^rW  ^*^  ^^ 
iabh  m  diameter,  with  walls  of  a  thickness  a  little  leas  than  their  caliber.  Their  course 
iiiii^lljr  wavy  or  spiral  Commencing  at  the  pulp-cavity,  into  which  these  cnnals  ojjen 
hf  Innnmi^rable  little  oriSces^  they  are  found  to  branch  and  occasionally  anastomose^ 
tbfl&r  cantmunicationa  and  branches  becoiniag  more  numerooa  as  they  approach  the  ex- 
tirnal  snr^M^e  of  the  tooth.  The  canals  of  largest  diameter  are  found  next  the  pulp- cav- 
ity, and  they  become  smaller  as  they  branch.  The  structure  which  forma  the  walls  of 
tbcae  tubules  Is  somewhat  denser  than  the  intermediate  portion,  which  is  sometimes 
QiOad  the  inter-tabnlaf  substance  of  the  dentine ;  but,  in  some  portions  of  the  tooth,  the 
tabnles  are  so  numerous  that  their  walls  touch  each  otiier,  and  there  is,  therefore,  no 
ialar  t    '  ibstance.     Near  their  origin  and  near  the  peripheral  terminations  of  the 

daiCii^  s  ftf^  sometimes  found  solid  globular  masses  of  den  tine,  called  dentine- 

glabctk'?*,  vvbieh  irregidarly  bound  triangular  or  stellate  cavities  of  very  variable  size. 
Ihtpo  cavities  have  been  considered  as  lacume,  like  the  laeuuie  of  true  bone ;  but  this 
virw  hi  not  held  by  the  best  and  most  recent  observers.  Sometimes  these  cavities  are 
Tefy  nnmeroos  and  form  regular  zones  near  the  peripheral  termination  of  the  tubules. 
The  dmtine  is  sometimes  marked  by  conceutrio  lines,  indicating  a  lamellated  arrange- 
aaoL  In  the  natural  condition,  the  dentinal  tubules  are  filled  with  a  clear  liquid,  which 
pHMHrates  from  the  vascular  structures  in  the  pulp-cavity. 

CemcnL — Covering  the  dentine  of  the  root,  is  a  thin  layer  of  true  bony  structure, 
i  tlio  cement,  or  crnsta  petrosa.  This  is  thickest  at  the  summit  and  the  deeper  por- 
\oi  tiie  root,  where  it  is  sometimes  lamellated,  and  it  becomes  thinner  near  the  neck. 
h  finally  becomes  conlinuous  with  the  enamel  of  the  crown,  st>  that  the  dentine  is  every- 
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where  completely  covered.  The  cement  contains  trae  bone-lacunro  ond  canaliculi,  and,  in 
very  old  teeth,  a  few  Haversitin  eimals,  except  near  the  nock,  where  the  layer  is  x^ry  tiibu 
It  is  closely  adherent  to  \}iq  dentine  and  to  the  periusteum  lining  the  alveolar  cavities* 

Pulp'Camty, — In  the  interior  of  each  tooth,  extending  from  the  apex  uf  the  root  or 
roots  into  the  crown^  is  the  pulp-cavity^  wlueh  contains  a  colJection  of  minute  blood* 
vessels  and  nervous  tilunjent^^  held  together  by  longitudinal  fibres  of  whit^  fibroitt  ti»- 
stie*  This  is  the  only  portion  of  the  tooth  endowed  with  sensibility.  It^  blood-vessels 
and  nerves  penetrate  by  a  little  orifice  at  the  extremity  of  the  root. 

The  dentine  and  enamel  of  the  teeth  must  be  regarded  as  perfected  strnctures ;  for, 
when  the  second  or  pernianent  teeth  are  lost,  they  are  never  reproduced,  and  when  these 
parts  are  invaded  by  wear  or  by  decay,  they  are  incapable  of  regeneration.    The  integrity 

of  the  pnlp,  even,  is  not  necessary  to  the 
stability  of  the  teeth ;  for  ejcamples  are 
numerous  in  vvhicli  the  palp  loses  Its 
vitality  from  various  canoes,  and  yet  the 
tooth  remains  and  is  m  ^.^rviceablc  as 
ever,  beioi;:  only  discolored  by  the  decom- 
position of  the  structures  in  the  pulp* 
cavity^  which  can  neither  escape  nor 
become  ahst)rbed. 

The  descriptive  anatomy  of  the  teetb 
in  the  human  subject  shows  how  well 
calculated  they  are  to  perform  their  va- 
ried functions,  and  how  admirahly  they 
are  adapted  to  a  diet  composed  of  articles 
derived  from  both  the  nnimul  and  tlie 
vegetable  kingdom.  The  thirty-two  per- 
manent teeth  are  divided  as  follows : 

1.  Eight  incisors,  lour  in  each  jaw> 
called  the  central  and  lateral  incisorsL 

2.  Four  cunines,  or  cuspidati,  two  in 
each  jaw,  just  back  of  the  incisors.  The 
upper  canines  are  sometimes  called  the 
eyc-teetti^  and  the  lower  canines,  the 
stomaoli-tecth. 

8.  Eight  bicuspid — tlie  small  or  false 
molars— just  back  of  ihe  canines;  four 
in  each  jaw. 

4.  Twelve  molars,  or  multicuspid, 
situated  just  back  of  the  bicaspid;  six 
in  each  jaw» 

Tho  incisors  are  wedge-shaped,  flat- 
tened antero*poiteriorly^  and  beveUed 
at  the  expense  of  the  posterior  face,  giv- 
ing them  a  sharps  cutting  edge,  which  is 
sometimes  perfectly  straight  but  is  gen- 

1,  cDUBol ;  t  duadno ;  8.  wineiit ;  4,  ppriosti'um  nf  tlio  alvco-   ©rally  more  or  less  roundc<L    The  Upper 
twcavlty;  A,lowerjaw;  C«pulp-eavUy.  .      ,  „     ,  a 

incisors  are  trenerally  larg-er  and  strong- 
er than  the  lower.  In  the  upper  jaw  the  central  incisors  are  larger  than  the  lateral ; 
while  in  the  lower  jaw  the  lateral  incisors  are  larger  than  the  central.  Each  of  the  incisors 
has  but  a  single  root.  The  special  function  of  the  incisor  teeth  is  to  divide  the  ftxKi  as  it 
is  taken  into  the  mouth.  The  permanent  incisors  make  their  appearance  from  the  sev- 
enth to  the  eighth  year. 
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Tha  et&ineft  are  more  conical  and  pointed  than  the  incisors  and  haire  longer  and 
rooC^s  e^specially  tlioso  io  the  upjKT  jaw.  Their  roots  are  single.  They  are  used 
to  wonac  extent,  in  connection  with  the  inctijorg,  in  dividing  the  tuod  ;  but  they  have  no 
imcalii^iit  ifiiuetion  In  tearing  the  food^  as  in  tho  ciirnivori^  in  which  they  aro  extra«jr> 
^Bftrtly  developed.  The  permanent  canines  nmko  their  appearance  from  the  eleventh 
lo  Uie  tweUtb  yean 

TL'  1  tijcth  are  shorter  and  thicker  thim  the  canines.     Their  opposed  surfaces 

ar«  rn:  1  and  are  timfked  by  two  cmiu^uce^.     The  uppc«r  bleu^pida  are  somewhat 

lugger  ll*aii  the  lower.  The  rool^i  are  single^  but  in  the  upper  jaw  they  are  iilightly  bifur- 
cated ^  Ui>elr  extremities*  They  are  used,  with  the  true  tuolars,  in  triturating  the  food. 
Tbe  permant^t  bVcuspitls  make  their  appearance  from  the  niutli  to  the  tenth  year, 

Tli«  molar  teeth,  called  respectively— counting  from  before  backward — ^the  first,  sec- 
ond, ai»d  third  molars^  &re  the  largest  of  all  and  are,  par  exctUme^^  the  teeth  used  in 
fciiitintirm  Their  form  U  that  of  a  cube,  rounded  laterally  and  provided  witli  four  or 
if  wniiwnees  on  their  opposed  surfaces.  The  first  molars  are  the  largest.  They  have 
fSBcrally  thret»  roots  in  the  upper  jaw  and  two  in  the  lower,  ulthongh  they  sometimes 
btPt  fomr  or  even  five  roots.  The  second  molars  are  but  little  smiillcr  Uian  the  fir»t 
Ifid  resemble  them  in  nearly  every  particuhir.  The  third  niolurs  called  frequently  the 
vkdoa-teotht  are  much  smaller  than  tlte  others  and  are  by  no  ineims  so  useful  In  masti- 
istiott.  In  tlie  upper  jaw  the  root  is  grooved  or  imperfectly  divided  into  three  branches; 
bsl  In  tliQ  Inwer  jaw  it  generally  has  two  distinct  branches.  The  first  molars  are  the 
int  tif  the  penuanent  teeth,  making  their  appearance  between  the  sixth  and  the  seventh 
yur.  TIt€  second  molars  appear  from  the  twelfth  to  the  thirteenth  year ;  and  the  third 
sdlin,  from  the  seventeenth  to  the  twenty-first  year,  and  sometimes  even  much  later, 
h  wmik  instances  the  third  molars  are  never  developed. 

The  upper  jaw  has  ordinarily  i\  sc^mewhat  longer  and  broader  arch  than  tlie  lower ; 

wlien  the  mouth  is  closed  the  teeth  arc  nnt  brought  into  exact  npfinsitiniij  but  the 

?.cctlj  overlap  the  lower  teeth  both  in  front  and  laterally.     Tho  lower  teeth  are  all 

liat  smaller  than  the  corresponding  teeth. 

:      r  '  iw  and  generally  niako  their  up- 

•-^arlier 

!  anatomy  of  the  maxillary 
uporoMUiixillary  artlcufatiun 
jKiiniTiiy  precedes  the  study  of  the  muscles  of 
iMsfli'  ilioa  and  the  mechanism  of  their  action, 

Th^  superior  maxillary  bones  are  immovably 

6Jticiilal<?d  with  the  other  bones  of  the  head  and 

tl*  not  ntoally  take  any  active  part  in  mastica- 

'    ;'    "I"  inferior  borders,  with  the  upper 

3  in  the  alveolar  cavities,  present 

t  which  the  food  is  pressed 

r u  uscles  which  move  the  lower 


iMdy;   1,  nuiiu)>;  8,  tympliirftia;  4,  Incisive 
foaaa;  \  meMA  foramen;  K,  attAcliiDMil  of 


%h*f  4lira<itrie  uituck" ,  T.  di'ptv«e1uii  at  Uio 
ftiU»  uf  tbo  fac\aX  mrx^rj ;  ^  an^i<>;  V,  »iUrh< 
m«*m  «f  thtf  siHwrior  ron*iTrlrt->r  of  the 
t»tiBr)'ax ;  1  <>,  coronold  pr^'  n  J  vlo ; 

\'L  »l^ooUl  notch ;  \K op<  r<'rior 

doutA)  mud;  14,  fnt>or«-  i  hyuld 

lutijiclo ;  15*  alrcolar  Ijor^tr ;  i,  im  i^i  ir  fc^tU ; 
•%  MDlue  tc«tli ;  h,  biciutpid  t^reth ;  m.  tnoL&rfl. 


mferlor   maxilla   is  a  single  bone,     Ita 

*  borizontaL,  of  a  horseshoe  shiipe^  and,  in 
tJ«i  xijr^ar  cavities  in  its  superior  border^  are 
COilNKlded  ibe  lower  teeth.  Below  the  teeth, 
^h  ♦'"  '     Mfiliy.  are  surfaces  for  the  attachments  of  tho  muscles  concerned 

in  ihe  -  of  the  jaw,  and  for  one  of  the  muscles  of  the  tongue. 

BfkM  the  body  of  ti»e  inferior  maxilla,  on  either  side,  is  a  vertical  portion  called  tho 
Miliar,    Is  the  ndnk,  thi*  forma  nearly  a  right  an^le  with  the  body,  making  what  is  called 

rlc  of  iLe  jaw.     Superiorly,  the  rarans  terminates  in  two  processes,  separated  by  a 
..TC|»  ^09^0  called  the  sigmoid  notch.    The  posterior  process  is  the  condyle,  or  condyloid 
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process,  the  anatomy  of  which  will  he  considered  farther  on  in  treating  of  the  teinporo- j 
maxillary  articulation.     The  anterior  process,  called  the  coronoid  process  is  fur  the  at- 
tachment of  the  teuiporal  imistrlei  one  of  themo^t  powerful  of  the  muse  lee  of  luosticatiuu.  I 
The  greater  portion  4»f  the  external  surface  of  the  ramus,  extending  down  to  the  angle^  b| 
for  the  attachment  of  the  masseter  njusele.     The  internal  surface  of  the  ramus  gives  at- 
taeJiiucnt  to  several  muscles ;  vi^.,  the  external  pterygoid,  attached  to  the  neck  just  be-  | 
low  the  condyle,    the  temporal,  the  attachment  to  the  coronoid   proee?^  heing  luncb  | 
more  ezteDsive  on  the  internal  than  un  tlie  external  surface,  and  the  iDteroal  pterygoid^ 
which  hm  its  attatshinent  at  the  angle. 

Temporo- Maxillary  Articulation. — Tlie  various  classes  of  mamnmlia  present  great 
differences  in  tlie  teuiporo-maxillary  articulutiou,  differences  which  indicate,  to  a  great 
extent,  their  natural  diet.  In  tlie  carnivora,  the  lung  diameter  of  the  condyle  is  tram^- 
verse,  and  it  is  so  firmly  embedded  in  the  deep  glenoid  cavity  of  tlie  temporal  hone  a« 
to  admit  of  extended  movemeut^  in  but  one  direction.  In  these  animals,  lateral  and 
ante ro- posterior  sliding  movements  of  the  jrtw  arc  impossible,  and  thero  is  very  little 
mastication  of  the  food.  In  the  rodentia,  the  long  diameter  of  the  condyle  is  autero- 
poaterior,  the  pecuUar  gnawing  movements  in  these  animals  rerpiiriiig  a  considerable 
sliding  movement  of  the  lower  jaw  in  this  direction.  In  the  herbivora,  particnlarly  the 
ruminants,  the  condyle  ia  small  and  slightly  concave  instead  of  convex  as  in  most  other 
animals.  It  moves  on  a  large  projecting  surface  on  the  temporal  bone,  and  the  entire 
jaw  is  capable  of  remarkably  extensive  lateral  movementa. 

In  man,  the  articulation  of  the  lower  jaw  with  the  temporal  bone  is  such  as  to  allow, 
to  a  considerable  extent,  of  an  antero-posterior  sliding  movement  and  a  lateral  muv<^- 
njent,  in  addition  to  the  ordinary  movements  of  elevation  and  depression.  The  condy-  | 
laid  process  is  convex,  with  an  ovoid  surface,  the  general  direction  of  its  long  diameter  i 
being  transverse  and  slightly  oblicpie  frum  without  inward  and  from  before  backwgnL 
This  process  is  received  into  a  cavity  of  corresponding  shape  in  the  temporal  bone,  called 
the  glenoid  fossa,  wliich  is  bounded,  anteriorly,  by  a  rounded  eminence  (eniinentia  articu- 
laris),  the  uses  of  which  will  be  more  fully  described  in  connection  with  the  movements 
of  the  jaw. 

Between  the  condyle  of  the  lower  jaw  and  the  glenoid  fossa,  is  an  oblong,  inter-ar* 
ticnlar  disk  of  fibro-cartilage.  This  disk  ia  thicker  at  the  edges  than  in  Uie  centre.  It  la  { 
pliable  and  so  situated  that  when  the  lower  jaw  is  projected  forward,  making  the  lower ' 
teeth  project  beyond  the  upper,  it  is  ap]»lJed  to  the  convex  surface  of  the  eminentia  ar- 
ticulariB  and  presents  a  concave  surface  for  articulation  with  the  condyle.  One  of  the 
uses  of  this  cartilage  is  to  constantly  present  a  pro[ier  articulating  surface  upon  the  artic- 
ular eminence  and  thus  admit  of  the  antero-posterior  sliding  movement  of  the  lower  jaw. 
It  ia  also  important  in  the  lateral  movements  of  the  jaw,  in  which  one  of  the  condyles 
remains  in  the  glenoid  cavity  and  the  other  is  projected,  so  that  the  bone  undergoes  o 
slight  rotation. 

MuMfUi  of  Mastimtion.—To  the  lower  jaw  are  attached  certain  muscles,  by  which  it  is 
depressed,  and  others  by  which  it  is  elevated,  projected  forward  and  drawn  backward, 
and  moved  from  side  to  side.  The  following  are  the  principal  muscles  concerned  in  the 
production  of  these  varied  movements  r 


Mmcles  of  llcutiijatton, 

Mmeim  which  deprttt  the  hwtr  jaw. 
Mutch,  AttaehmmU. 

Digastric, .    »., *,.,*,. , , . , ,  .Mastoid  process  of  the  temporal   bone  —  Lower 

border  of  the  hiferior  maxilln  near  the  evm 
[►hysi?,  with  its  central  tendon  held  to  the  side 
of  the  body  of  the  hvoid  bone. 
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J/ii«*-iV*  trhi'h  fhx'fffr  fhi    hurt  t 


Hody  of  ihe  hyoid  bone — il ylo*hyoid  ri<1ge  ou  the 

ititernitl  surfjice  of  the  iiiforior  maxilla, 
'tody  of  the  hyoid  bout' — Inferior  geninl  tubercle 

on  the  itHH'r  (^uHhf>c  of  the  inferior  maxillii  iieiir 

the  *yTOphyi*is. 
,Cnavieli%  aemruion,  mid  fasda — Anterior  half  of 

the  body  of  the  iuferior  maxilla  neiir  the  m* 

ferior  bordej% 

-fitil  move  it  tatrraltjif  and  antero-ponteriorl^, 

Tupoiil .  .  Tempowil  fossa — Coronoid  proc^fs  of  tbe  inferior 

mftxilla. 

,Mftlfir  prot'eas  of  the  superior  maiiU*,  lower  border 

and  internal  aurfaee  of  the  zygomatic  arch — 
Burfaec  of  the  ramus  of  the  inferior  ma'iLilk. 

pterygoid..  ...,.♦* Pterygoid  fos?A — loner  side  of  the  ratnufl  and  angk 

of  the  inferior  uta^iilb, 
ptaf^goid^. .  Tterygoid  ridge  of  tlic  sphenoid,  the  surface  be- 

tween it  ajid  the  pterygoitl  proeesa^  external 
pterygoid  pUite,  and  the  tuberoisity  of  tlic  palate 
aad  the  superior  maxillary  bone — Inner  surfaee 
of  tlie  neck  of  the  condyle  of  the  inferior 
maiilhi  and  the  tnter-artieular  fibro-cartiloge. 

A^u>'^i  of  th4  Mu§cle9  which  d€prtu  the  Loietr  Jaw, — ^The  most  itnportnrit  of  these 
CI*  l«?-i  haf<?  for  ilmr  fixed  point  of  action  the  hyoid  bone,  which,  under  ihevHc  otrciim- 
*tu»r£s  l^  fixed  br  thtj  ma^cles  which  extend  from  it  to  the  ojiper  part  of  the  ehest» 
Tb*r  tt'Mtrjil  tendon  of  the  digastric,  aa  it  perforates  the  ^tylo-hyoid,  ia  connected  with  the 
:.»•  vj  h">n«*  by  a  loop  of  tibrons  tissue;  and,  acting  from  tliis  bone  cs  the  fixed  point,  the 
uitiHOf  S»elly  ninst  of  neces^^ity  tend  to  depress  the  jaw.  The  attachiiienta  of  the  mylo- 
hjtij  and  tbe  genio-hyoid  render  their  action  in  depreBi^ing  the  jaw  snfiieiontly  evident, 
wiocb  u  aluo  tho  case  with  the  platysraa  myoidea,  acting  from  its  att^ichments  t^  the 
qipcf  pftTt  of  the  thorax. 

It  liMA  lH*eD  tt  disputed  qnestion  whether  the  nppor  jaw  does  or  does  not  participnto 
ill  iKc  ftct  of  opening  the  mouth.  That  depression  of  the  lower  jaw  is  the  main  action 
in  tifnlioftrj  mastication  is  snfficiently  evident ;  bat  it  is  possible,  by  fixing  the  lower  jaw, 
te  parform  the  acts  of  mastication — laboriously  and  imperfectly  it  is  true — by  movemetita 
flf  iim  upper  jaw.  In  ordinary  mastieatinn,  however,  the  upper  jaw  imdergoes  u  slight 
QHireiBcnt  of  deration  in  opening  the  mouth ;  and  this  becomes  somewhat  exaggerat4>d 
wkta  tills  month  \9  opened  to  tbe  fullest  possible  extent. 

AetioM  pf  the  Mu$eUt  which  elevate  the  Lower  Jaw  and  jtiot*  U  lateralhj  and  anter&' 
^mitrioHif. — The  temporal,  masseter,  and  internal  pterygoid  mnseles  are  ohiefly  con- 
Qerocd  In  the  simple  act  of  closing  the  jaws.  As  this  is  almost  the  only  movement  of 
viaitStntiofi  in  many  of  the  camivora,  in  tJiis  class  of  nniraala  these  musoles  are  most 
Ivfely  drveh?pcd-  Their  anatomy  alone  gives  n  sufficiently  clear  idea  of  their  mode  of 
iedofi ;  and  their  immense  power,  even  in  the  hnman  aubjeot,  is  explained  by  the  number 
•f  ibatf  fibres,  br  the  attachmenta  of  many  of  these  fibres  to  the  strong  aponeuroses  by 
wUfih  ihej  are  covered,  and  the  fact  that  the  distance  from  their  origin  to  their  insertion 
If  ftfy  nbort. 

Tbe  attJK^bmenta  of  the  internal  and  external  pterygoids  are  such  that^  bj  their  alter* 
action  on  cither  side,  the  jaw  may  be  moved  laterally,  as  their  points  of  origin  are 
I  la  front  of  and  internal  to  the  teniporo-maxillary  Brticnlation,  The  articulation 
«f  tfc«  lowiT  jaw  16  of  such  a  nature  that,  in  its  lateral  movements^  the  condyles  themselves 
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cannot  be  sufficiently  displaced  from  side  to  eide,  but,  with  the  condyle  on  one  side  fixed 
or  moved  slightly  backward,  the  other  may  be  brought  forward  against!  the  urticidi 
eminence^  producing  a  movement  of  rotation.  The  [tterygoid  muscles  art?  iHr^'^ely  d 
veloped  in  tho  herbivora,  in  which  tlie  lateral  movements  of  mastication  are  so  importfiDt 
The  above  explanation  of  the  lateral  aiovements  of  tho  jaw  presupposes  the  po^i- 
bility  of  movements  in  an  antero-posterior  direction.  Movements  in  n  forward  direction, 
so  as  to  make  the  lowur  teeth  project  beyond  the  upper,  are  effected  by  the  pterygoids^ 
the  oblique  fibres  of  the  mnsiseter,  and  the  anterii>r  fibres  of  the  teinporaL  By  the 
combined  action  of  the  posterit>r  fibres  uf  the  temporal  tlie  diga^stric,  niylo-hyoid,  and 
genio-hyoid,  the  jaw  is  brought  back  to  it^  position.  By  the  same  action  it  may  also  be 
drawn  back  slightly  from  \U  normal  position  while  at  rest. 


Action  qf  the  Tongue,  IJpM,  and  Cheek^y  in  Mantimtion, —  Experiments  on  living 

animals  and  phenomc»i:t  observed  in  cases  of  lesions*  of  the  Jiervous  system  in  the  human 
subject  have  fully  demonstrated  the  iuiportancy  of  the  tony;ue  and  cheeks  iti  masiication 
The  follow  tog  obst^rvations  of  Panizza  on  tho  efi'ects  of  section  of  both  hypoglossal 
nerves  in  dogs  show  the  importance  of  the  tongue,  both  in  mastication  and  deglutition: 
**  After  tho  section  of  the  hypoglosaid  the  movements  of  the  tongue  cease  immediately^ 
but  the  general  sensibility  of  that  organ  and  the  taste  was  not  less  marked.  Indeed^  if 
milk,  or  bread  moistened  in  the  liquid,  were  presented  to  the  dog,  ho  made  ineffectual 
efforts  to  lap  and  to  masticate,  moving  the  liead  and  tlie  lower  jaw ;  the  tongue,  when 
displaced,  remaining  in  the  same  position,  and  even  when  a  bolus  of  meat  or  bread  was 
put  on  its  anterior  surface^  it  was  found  for  a  long  time  after  in  the  same  place,  which 
proves  that  section  of  t^ie  hypoglossals  destroys  not  only  the  movements  necessary  to 
mastication,  but  also  those  of  deglutition*''  We  have  lately  had  occasion  to  verify  nm^t 
of  tliese  obscrvjitions  in  a  dog  in  which  both  sublingual  nerves  were  divided.  The  experi- 
ment, however^  was  made  chiefly  with  reference  to  the  action  of  tho  tongue  in  deglutition. 

Section  of  the  facial  nerves  is  now  a  common  j physiological  experiment.  Opera- 
tions of  this  kind  and  crises  of  facial  palsy^  which  are  not  uncommon  in  tlie  human 
8nbject>  show  that  when  the  cheek  is  paralyzed  the  food  accumulates  between  it  and  the 
teeth,  producing  great  iuconvenience.  In  ammals,  hke  the  herbivora,  which  use  the  Hps 
and  tongue  extensively  in  the  prehension  of  food^  division  of  the  facial  and  hyjHJglosKil 
nerves  interferes  materially  with  this  functiom 

The  tongue  is  a  muscular  organ  which,  by  virtue  of  the  complex  arrangement  of  its 
fibres,  is  capable  of  a  great  variety  of  i?nportant  movements.  By  the  action  of  what  are 
cidled  the  extrinsic  mnsclcs  of  the  tongue,  the  organ  is  moved  in  various  directions^  while 
tho  intrinsic  muscles  are  capable  at  the  same  time  of  producing  many  changes  in  it*  form. 
For  example,  by  the  action  of  those  fibres  of  the  genio-hyo-glossxd  muscles  which  are 
attached  to  the  chin  and  the  posterior  i>nrt  of  the  tongue,  the  whole  organ  is  carried  for- 
ward and  may  bo  i)rol  ruded  to  a  considerable  extent.  At  the  same  time  the  whole  length 
of  the  muscles  may  act  upon  the  middle  line  of  the  tongue,  to  which  they  are  attached, 
and  de]>ress  the  centre  so  as  to  reader  it  concave  from  side  to  side ;  or  the  transverse 
fibres  of  the  tongue  may  act  so  as  to  make  it  longer  and  narrower.  The  tongue  is  drawn 
into  the  mtjuth  by  the  action  of  the  anterior  fibres  of  the  geuio-hyo-glossus  on  either  side, 
and  may  be  still  far  r  her  shortened  by  the  contraction  of  the  stylo- glow's  us  and  the  interior 
fibres  of  the  hyo-glossus.  The  general  action  of  the  hyo-glossus,  on  either  side,  is  to 
draw  down  the  sides  of  the  tongue  and  make  it  convex  from  aide  to  side.  The  stylo- 
glossus and  the  palato-glossus  draw  the  back  of  the  tongue  upward  and  backward  toward 
the  pharnyx,  and  tht^v  are  thus  useful  in  the  first  processes  of  deglutition.  By  the  com* 
bined  and  varied  actions  of  these  and  other  mtisclus,  the  tongue  Ls  made  to  pertonu  the 
numerous  movements  which  take  place  in  connection  with  phonatioo,  suction,  mastica- 
tion, deglutition,  etc. 

The  varied  and  complicated  movements  of  the  tongue  during  mastication  are  not 
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«Mi^dMMbe<L  After  solid  food  is  tak^ti  into  tJie  inotit]]^  the  tongue  prc^rent^  its  escape 
fri»ni  Wtween  the  t««tlif  and,  l>y  iti$  cotii^tant  iitovetnents^  rolls  the  nJimentary  bolus  over 
md  over  iknd  pa«»ea  it  at  tirnea  from  oiit-  Mv  lo  tlie  othi*r,  so  tliut  tlit*  food  may  undergo 
l&oroQf  fa  iHtiirtttiotJ-  A»ide  from  the  functions  of  the  tongue  as  an  organ  of  UmL\  its  eur- 
Cmv  b  eodovrcd  irith  fwcuUar  Bensibility  as  regards  the  eonsistcnoLS  Bize,  and  form  of  dii- 
^f»Dt  ftrtiel^;  and  thi^*  iiropertyis  nndoubtedlr  important  in  dettTuiining  when  innstica- 
tloB  b  hough  t[ie  thofoaghnesa  with  which  masticution  is  accomplished  ia 

Tiny  tfi  i  by  habir, 

Tonia  ccmiraction  of  th«  orbicularis  oris  is  necessary  to  keep  the  Hoids  within  the  mouth 
dnrnigr  n^pos^;  and  this  must^Ie  is  sometimes  brought  into  action  when  tiie  raiouth  is  very 
fiiil,  Ut  fkisi5t  in  keeping  the  food  between  tlie  teeth.  *This  hitter  funetion,  liowever,  ia 
■laiBly  p^fformeil  by  the  baeeiuator;  the  action  of  whiuh  is  to  press  the  food  between 
ibe  t»;tli  imd  keep  It  in  place  during  mastication,  Hssisting,  from  time  to  time,  in  turning 
ihi9  aliineiltArf  bolus  so  as  to  Bnbject  new  portions  to  trituration. 

Tb©  prnrp^  of  mastication  is  regnlaled  to  a  very  great  extent  by  the  exquisite  sensi- 
Wkf  f  '  ih  to  the  impressions  of  hard  and  snfi  substances.     It  i«  f»nly  necessary 

••  csll    .  i.  to  the  cjise  and  certainty  with  wliich  we  recognize  the  presence  and  the 

inilAifiiliiiii  of  the  smallest  subi^tunce  l>etweeu  the  tueth,  in  order  to  appreciate  the 
airsatages  of  this  tactile  sense  in  mastication.  It  is  in  this  way,  mainly,  that  we  be- 
ivmc  aw  mm  that  the  process  of  mastication  is  completed  ;  and  it  is  this  84»use  which  ad- 
maaitibit*  n*  instantly  of  the  presence  of  bitdies  tot)  hard  for  mastication,  which,  if  allowed 
l9t«aiBin  in  the  mouth,  might  seriously  injure  the  teeth. 

One  of  the  most  important  of  the  digestive  processes  winch  take  place  in  the  mouth 
k  Ike  iiK»0ri>oration  of  the  saliva  with  tbe  f(M»d,  or  insalivation.  Nut  only  has  the  saliva 
iB^eluiniral  function,  assisting  to  reduce  the  food  to  the  proper  form  and  consistence  to 
b  OBiily  swaHowed,  bnt  it  seetns  to  be 


tt—irjr  to  the  proper  performance  of 
Ibe  aatiaoqncnt  processes  of  digestion 
mM  if  •H>Dcemed  to  a  certain  extent  in 
Ihm  tomnsformation  of  starch  into  sngar. 
Ilttl  tbe  aaliva  is  necessary  to  digestion 
ii  fvovcn  by  the  grave  effects  upon  the 
paarmi  fnuctlon  of  nutrition  which  fol- 
iar Um  loMi  in  any  considerable  quan- 
Ifcty.  TliiJi  occasionally  occurs  from  the 
of  «xce»»siv©  spitting  or  as  the  re- 
I  <if  aaUvary  fistula.  It  becomes  im* 
,  lheref*»re,  to  study  the  physical 
efaenioal  properties  of  the  saliva, 
wmwem  from  which  it  is  derived, 
T$B  Kidchanical  and  chemical  ftinc- 
I  in  diiresfion. 


m^ 


p-*>'i 


Saliva, 

7h^  fluid  which  is  mixed  with  the 
imaMicAtion,  which  moi$ten»  the 
as  mt?mlinine  of  the  mouth,  and 
wJiirlk  may  he  collected  at  any  time  In 
stall  qaaatity  by  the  simple  act  of  spa- 
ta^oe,  is  eompn^d  of  the  secretions  of 
i  ooQ»i<lerab1o  DOtnber  and  variety  of 
glaada.  Thm  mort  important  of  these  are  the  parotid,  eubmaxillary,  and  subllngnal, 
wUtk  Mtm  oattally  calM  tha  salivary  glands.     In  addition,  we  have  the  labial  and  buccal 


Fta.  M,—^iif>ari/  fftnndt,    iLo  htm.) 
1,  3,  partjttd  ;  8.  ttuct  of  Sttno;  4.  Mufj^ma^Uarff :  \  $uhUn- 
gunl:  «,  uiylo-hyold  inuwie;  T,  HdjtuhI  bmntbof  tUe  HIth 

»terno-tna-  !    :  11,  exlf-moli  jucujor  vctji;  ri,  fiioLol 

vein:  VA  r*;  14.  U\  ItiUmal  juiriilar  Toln;  16, 


206 


DIGESTION. 


glands,  the  follicular  glands  of  the  tongue  and  general  mneoQB  surface^  and  certntn 
glandular  structnrea  In  the  mucous  mc^mbmne  of  tlje  pharynx.  The  liquid  which  ho* 
comes  njore  or  less  incorporated  Mith  the  food  before  it  descendj^  to  the  etoinach,  and 
which  must  be  considered  as  the  digestive  fluid  of  the  mouth,  is  known  ad  the  mixed 
saliva ;  but  the  ^tudy  of  the  composition  and  properties  of  this  fluid  as  a  whole  should  be 
pretaced  by  a  consideration  of  the  ditferent  secretions  of  which  it  is  composed. 

The  salivary  gltmds  belong  to  the  variety  of  ghinrls  called  racemose.  They  closely 
resemble  the  uther  glands  belonging  to  this  class,  and  their  structure  will  be  com*iderc4 
more  particularly  under  the  head  of  secretion- 


Parotid  Salira, — The  parotid  is  the  largest  of  the  three  salivary  glands.    It  is  alt-' 
nated  below  atid  in  front  of  the  ear  and  opens  by  the  duct  of  Steno  into  the  mondi^ 
about  the  middle  of  the  cheek.     The  pufiina  which  marks  the  orifice  of  tiie  dnct 
situated  opposite  the  second  large  molid*  tooth  of  the  upper  jaw. 

Numerous  opportunities  have  presented  thenjselves,  in  eases  of  salivary  fistula,  for  th( 
study  of  the  properties  of  the  pure  parotid  saliva  in  the  human  subject ;  and  the  situation' 
of  the  duct  of  Steoo,  in  the  herbivora  espcciallyH,  is  i^uch  that  this  fluid  can  easily  be  ob- 
tained by  operations  on  the  iuferior  animals.  Prof  J.  C,  Dolton  has  obtained  the  pure 
parotid  saliva  from  the  human  subject  by  simply  introducing  a  silver  tube,  of  from  ,»y 
to  ^  of  an  inch  in  diameter,  into  the  duct  by  ita  opening  into  tlie  mouth. 

The  following  facts  with  reganl  to  the  properties  of  the  parotid  saliva  observed  by 
Palton  are  given  in  his  own  wortl^^  in  a  communication  kindly  made  in  answer  to  certain 
inquiries: 

**  On  the  28th  of  July,  1S68,  I  obtained,  from  a  strong,   healthy  man,  about  tw» 
drachms  of  the  mixed  saliva  of  the  mouth,  by  causing  him  to  hold  in  his  mouth  for 
short  time  a  clean  gla^s  stopper,  and  collecting  the  secretion  as  it  was  discharged. 

*'One  hour  afterward  I  obtained,  from  the  same  man,  four  drachms  of  pure  parotid 
saliva,  by  introducing  a  long  silver  canula  into  the  natural  orifice  of  Steno^s  duct,  un  the 
left  side,  and  collecting  the  saliva  ^s  it  flowed  from  the  outer  extremity  of  the  canula, 

"The  two  kinds  of  saliva  compared  as  follows: 

"  Both  were  distinctly  alkaline  in  reaction ;  the  parotid  saliva  rather  the  more  ao, 

**  The  parotid  saliva  was  ratlier  clear  and  wat<*r}'  in  appearance ;  the  saliva  of  the  moutll 
was  quite  opaline,  with  admixttire  of  buccal  epithelium,  but  became  clear  on  filtration. 

**The  parotid  *ialiva  wrs  rendered  turbid  by  the  action  of  heat,  and  by  tlie  addition  of 
nitric  acid,  as  well  as  sulphate  of  soda  in  exce**s;  but  not  by  sulphate  of  magnesia,  nor  by 
ferro-cyanid©  of  potassium  witli  acetic  acid. 

"  The  saliva  of  the  mouth,  filtere<!  clear,  became  turbid  by  heat  and  by  nitric  ndd^ 
but  showed  no  precipitate  by  either  sulphate  of  so^la  or  sulphate  of  magnesia  in  excessL 
There  was  also  a  slight  precipitate  on  the  addition  of  pure  acetic  aeid,  which  did  not  take 
place  in  the  parotid  saliva. 

**  The  parotid  saliva  showed  no  traces  of  sulpho-cyanogen  on  the  addition  of  the  iicr- 
chloride  of  iron,  but  they  were  distinctly  marked  in  the  buccal  saliva. 

"On  mixing  the  two  kinds  of  saliva  w^ith  boiled  stjirch,  and  keeping  tlie  mixture  at 
the  temperature  of  100 ""  Fahr.,  sugar  was  present  in  both  specimens  at  the  end  of  five 
minutes.     There  was  no  marked  dificrence  iietween  them  in  this  respect. 

''*  While  making  some  similar  experiments  to  the  above  on  a  previous  patient,  in  April, 
1803,  I  found  that  with  the  canula  introduced  into  Steno's  duct,  not  only  was  the  dis- 
charge of  parotid  saliva  increased  by  the  mastication  of  food,  but  that  it  ran  fnim  the 
canula  very  much  faster  than  in  a  state  of  rest,  whenever  the  patient  smiled,  spoke,  or 
moved  his  lips  or  cheeks  in  any  way." 

The  organic  matter  of  the  parotid  saliva  is  coagulable  by  heat  (212**  Fahr),  alcoliol, 
and  the  strong  mineral  acids.  Balton  found,  in  the  human  saliva,  that  it  was  al-^o  coagn 
lated  by  an  excesa  of  sulphate  of  soda;  but  Bernard  states  that,  in  the  parotid  saliva  of 
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the  orgatiio  mutter  passed  ttirongli  a  mixture  af  salpkate  of  soda  but  was 
4WWgn**^H  bv  BTilpbata  uf  niagneeta.  Almost  idl  phyaiolo^t^ts  agi'eo  that  this  orgunio 
vaOtr  IS  Qot  identical  in  kA  propertie:)  with  albumen  ar  with  the  peculiar  principle 
dfeMCribeil  hf  Mlahl^  in  the  mixed  saliva,  under  the  name  of  animal  diastase. 

A  90iiiil>ound  of  sulpho-cyanogCQ  is  now  generally  acknowledged  to  he  a  con:*taiit 
of  the  parotid  saliva.  This  canmtt  he  recognized  by  tho  ordinary  teHt»  in  the 
ffldira  taken  from  the  duct  of  Steno,  but  in  the  clear,  filtered  fiuid  which  passes 
liter  thr  precipitation  of  the  organic  matter^  there  is  always  a  distinct  red  color  on  the 
iMlluQ  of  the  persnlpbate  of  ircm.  As  thb  reaction  is  more  marked  in  the  mixed  saliva, 
III*  iD«ibo<Ls  by  which  the  presence  of  a  BulpLo-cyanide  is  to  be  demonstrated  will  be 
coiiiidcr«i.1  in  connection  with  that  fluid. 

In  tho  human  ftubject^  the  parotid  secretion  is  more  abundant  than  that  of  any  other 
id  lb*  Hftlivarj  glands.  The  entire  tjuantity  in  the  twenty-four  hours  has  not  Inien 
firectlj estimated  ;  but  Prof.  Dalton  found  that,  during  mastication^  the  quantity  secreted 
ii  Iveiiiy  minuter  on  one  side  was  127%5  grains,  and  on  the  other  side,  0T4'4  grains. 

A  rnrious  fact  with  regard  to  the  intluence  of  mastication  upon  the  flow  from  the 
IMtoCklA  was  observed  by  Colin  in  the  horse,  a*9y  and  ox*  He  found  that,  when  mastica- 
lioa  Wm»  performeil  on  one  side  of  the  mouth,  tho  tlow  from  the  gland  on  that  «ide  was 
pmllf  iiicreii!*ed^  exceeding  by  several  times  the  quantity  produced  upon  the  opposite 
iil«,     Tltia  fact  was  confirmed  by  Dalton^  as  already  indicate«l,  in  the  human  subject* 

Tb^  flow  cif  saliva  from  tho  parotid  tnkes  place  with  greatly-increased  activity  during 
iW  proeivw  of  mastication*  The  orifice  of  the  pari»ti*l  duct  is  so  situated  that  the  fluid  m 
fomrc*!  '      upon  the  muss  of  food  as  it  is  undergoiRg  trituration  hy  the  teeth  ;  aud, 

•ithr  "  1  is  more  abundant  on  the  side  ou  which  luastiontiou  is  going  on,  and  the 

tnmtM«w»  of  the  fluid  is  such  as  to  enahle  it  to  mix  readily  with  tlie  food,  the  function 
iltbls  ^Attd  k  supposed  to  be  particularly  coniiectcil  w  itb  mastication.  Thi«  i^  undoubt- 
•41y  the  fjict ;  although  its  flow  i:^  not  absohitely  confined  to  tlie  period  of  mastication, 

caatinnes,  in  small  quantity,  during  the  Intervals.  Its  quantity  is  regulated  some- 
hf  the  character  of  the  food,  being  mui*b  greatv^r  when  tho  articles  taken  into  the 
are  dry  than  when  they  contain  considerable  moisture.  There  is  a  great  difference 
lidfiSbrvnt  animals  as  regards  the  stimulation  of  tlie  salivary  glands  by  subiitances  iutro- 
ioocd  into  the  moutli.  In  the  human  subject,  the  stimulus  produced  by  sapid  sub- 
muvem  will  sometimes  iotluce  a  great  inrrease  in  the  flow  of  the  parotid  eidiva.  Mits- 
t^irriieU  «od  Eberle  ohservetl  this  in  persons  sutferiug  from  salivary  fistula  and  noted, 
brtltennore,  that  the  mere  sight  or  cnlor  of  food  produced  the  same  effect. 

Tho  stippo:»ition,  which  has  b<»en  entertained  by  some  authors,  that  tl)c  flow  from  the 
ftaroCkl  b  dependent  ujion  tho  mcchaDical  pressure  of  the  muscles  or  of  the  condyle  of 
lb*  U^mef  jaw  duriu^  nmstication  has  no  toundiition  in  fact  It  is  now  well  established 
diflt  4iCie«>f  T  Me  conditions  in  the  production  of  a  secretion  is  a  great  increase 

ii  Ui*  qurnii  reulating  in  the  gland,  and  that  the  vascular  supply  is  regidated 

Ibfoiigh  the  nervous  i^ystem.  Tlie  fact  that  an  alternation  in  the  parotid  secretion  accom* 
famm  an  Alternation  in  the  act  of  mastication  is  also  an  argument  against  this  mechanical 
tb^cirj ;  for  it  is  not  to  be  supposed  that  during  mastication  there  exists  a  diflereoce  in 
of  tho  muscles  or  of  the  condyles  on  the  two  sides,  corresponding  with  the 
which  liave  been  noted  in  the  fiecretiou  from  the  gland?*  on  either  aide*  In 
Um  liorte  and  in  the  dog,  it  has  been  observed  tlwit  tho  necretion  of  the  par<»tid8  is  com- 
fliA#t]y  jUTi*^tt**l  during  the  deglutition  of  liquids,  while  the  flow  from  the  otlicr  salivary 

Ttt  ittifi  nctions  of  the  parotid  saliva — aside  from  any  chemical  action  which 

dftT  hare  ui»on  the  food,  which  will  be  fully  considered  in  connection  with  the  mixed 

\TSk — it  eviileotly  has  an  important  mechanical  office.     It  is  discharged  in  large  quan- 

Uly  duHittf  the  e&tire  proce^  of  mastication  and  is  poured  iuto  tlie  mouth  in  such  a 

to   become  of  necessity  thoroughly  incorporated  with  the  food.     Its  function 
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is  chieflj,  altbongh  not  exclusiTelj^  connected  ^th  miistlcatton  itnd  iadirectly,  with  degltt- 
tition ;  for  it  is  only  by  bectunin^  inc<3rporatt'cl  with  this  saliru,  that  the  deglutition  of  H 
dry»  fmlverulent  substances  is  recderetl  posjsible.     Facts  in  comparative  physiology,  show*  ■ 
ing  a  great  development  of  the  parotids  in  tmiinals  that  iitastieata  very  thoroughly,  par- 
ticularly the  ruminants,  a  slight  development  in  tho*te  that  masticate  but  slijrhtly,  and  the 
absence  of  th*.*se  glamls  in  aninmb  that  do  not  uia^tioate  at  all,  are  additional  arguinentt  ] 
in  tiivor  of  these  views. 


SuhvitijtiJlnrt/  SfiJira. — In  the  human  subject^  ihe  1*^11  bm axillary  is  the  wcond  of  the 
salivary  glands  in  point  of  size.     Its  minute  structure  is  the  same  as  that  of  the  parotid. 
As  itii  name  implies,  it  Is  situated  below  the  inferior  maxillary  bone.     It  is  in  the  aiiten- 
part  of  what  is  known  as  the  suhmaxillary  triangle  of  the  neck.     Its  excretory  duct,  call 
sometimes  the  duct  of  Wharton,  is  about  two  inches  in  length  and  passes  from  th 
gland,  beneath  the  tongue,  to  open  by  a  .small  papilla  by  the  side  of  the  frennm*     Thia 
gland  is  relatively  very  small  in  the  herbivora  but  it^  largely  developed  in  tlie  carnivorii, 
in  the  latter  being  larger  than  the  parotid. 

The  pure  submaxillary  saliva  presents  many  importimt  points  of  difference  from  th( 
secretion  of  the  parotid.  It  was  first  studied  as  a  distinei  fluid  by  Bernard.  It  may  be^ 
obtained  by  e^cposing  the  duct  and  introducing  a  fine  silver  tube,  when^  on  the  introduce 
tion  of  any  sapid  substance  into  the  mouth,  tlie  secr<^tion  will  flow  in  large,  pearly  tirops. 
Bernard  found  this  variety  of  saliva  much  more  viscid  than  the  parotid  secretion.  ItiA 
perfectly  clear,  and,  on  cooling,  frequently  becomes  of  a  gelatinous  consistence. '  Its 
organic  matter  is  not  coagnlable  by  heat.  In  the  dog,  it  is  rather  more  strongly  alkaline 
than  the  parotid  saliva*  According  to  Bernard,  it  does  not  contain  the  sulpho-cyanide 
of  potassium. 

The  submaxillary  gland  pours  out  its  secretion  in  greatest  abnn dance  when  rapid  sub- 
stances  are  introduced  into  the  mouth.  In  the  solipeds  and  ruminants,  Colin  htt»  oW 
aerved  that  the  quantity  of  snbmaxillary  saliva  secreted  is  much  increased  during  eating; 
but,  unlike  the  parotids,  the  secretion  does  not  alternate  on  the  two  sides  with  the  altei^^ 
nation  in  mastication.  He  has  found,  in  all  the  domestic  animals,  that  the  flow  is  grcjitijr 
intiuenced  by  the  degree  of  saiiidity  of  the  food.  Although  sapid  articles  induce  oil 
abimdant  secretion  from  the  submaxillary  glands,  they  also  produce  an  increase  in  the 
secretions  from  the  parotids  and  subliuguab;  and,  on  the  other  hand,  movements  of 
mastication  increase  somewhat  tlie  flow  from  the  submaxillaries,  and  these  glands  secreldf- 
a  certain  amount  of  fluid  during  the  intervals  of  digestion.  The  viscid  consistence  of  Ihi 
submaxillary  saliva  renders  it  less  capable  of  penetrating  the  alimentary  maft«  during, 
mastication  than  the  parotid  secretion,  so  that  h  remains  chiefly  near  the  surface  of  the 
alimentary  mass. 
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Sublingual  Salim, — ^The  sublinguals,  the  smallest  of  the  salivary  glands,  are  situated 
beneath  the  tongue,  on  either  side  of  the  frenum,  In  minute  structure  they  re^^emble  tli# 
parotid  and  the  submaxillary  glands.  Each  gland  has  a  number  of  excretory  ducts,  from 
eight  to  twenty,  which  open  into  the  mouth  by  the  side  of  the  frennm;  and  oiie  of  th 
ducts,  larger  than  the  others,  joins  the  duct  of  the  submaxillary  gland  near  its  termina* 
tion  in  the  mouth. 

The  secretion  of  the  sublingaal  glands  is  mi»re  viscid  even  than  the  submaxillary  sali- 
va, but  it  differs  in  the  fact  that  it  does  not  gelatinize  on  cooling.  It  is  so  glutinous  that 
it  adheres  strongly  to  any  vessel  and  flows  with  difficulty  from  a  tube  introduced  into 
the  duct.  J*ike  the  secretion  from  the  otiier  salivary  glands,  its  reaction  is  distinctly  al- 
kaline. Its  organic  matter  is  not  coaguhible  by  heat,  acids,  or  the  metallic  salts.  Ac- 
cording to  Bernard,  after  desiec^ition  it  is  rediasolved  by  water  and  its  viscid  properties 
are  then  restored. 

In  accordance  with  the  view  entertained  by  Bernard  concerning  tlje  fanctioo  of  U)b 
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oi  tolira  and  its  special  conDcction  with  deglutitian,  it  is  supposed  to  be  secreted 
MmmMMUdy  before  and  during  the  act  of  swallowing.  The  experiments  which  are  ad- 
fftiiced  in  support  of  thi^  view  are  mostly  those  in  wlach  a  tube  wa5  dxcd  in  each  of  Uie 
tkne  asilivary  ducts  in  a  dog,  when  the  animal  wob  enticed  to  make  movements  of  the 
JKCW,  niOT0ineot8  of  deglatition,  and  at  the  same  time  the  gustatory  nerves  were  stimu- 
Isted  bj  the  Introductiou  of  vinegar  into  the  month.  In  an  i^xperimcnt  of  this  kind,  it 
Via  observed  that  6uid  was  secreted  by  all  the  glands,  but  iu  unequal  proportions;  ''the 
«ibiimxillary  &aUva  tkiwed  %^ery  abundantly,  the  parotid  siihva  much  less^  and  tlie  stihlin- 
|;Qal  Mliva  flowed  very  feeblyJ^  Although  the  :mima]  made  movements  of  masticiittonf 
tfzperitocod  a  gustatory  impression,  and  made  movements  of  deghitition,  it  is  by  no  means 
irident  from  this  observation,  or  from  others  reported  by  Bernard,  that  the  flow  of  the 
nbUttgiial  saliva  had  any  special  connection  with  the  act  of  deglutition^  The  observa- 
fidfis  of  Colin  on  this  subject  show  that,  in  the  domestic  ruminants,  there  is  a  constant 
tow  of  Uie  sublingnal  saliva  during  the  time  occupied  in  eating. 

Il  baa  been  experimentally  demonstrated  that  the  sublingual  glands  may  be  eicited 
l9Mcr«tion  by  hnpresdons  made  by  sapid  sub.sfanoes  upon  the  nerves  of  taste,  although 
1I10  iow  is  always  less  tlian  from  the  submaxillary  glands.  The  great  viseidity  of  the 
vabUngroal  saliva  renders  it  less  easily  mixed  with  the  alimentary  bolus  than  the  aecre- 
i  fbocn  the  parotid  or  the  submaxillary  glands. 


FlmuiM  fr^m  the  SmMcr  Ghtnds  0/  the  Mouthy  Tongue^  and  P/mryaj,— Beneath  the 
WH^QA  membrane  of  the  inner  surface  of  the  li[>s,  are  small,  rounded,  glandular  bodies, 
•ptailig  by  numerous  ducts  into  the  buccal  cavity,  called  the  labial  glands;  and,  in  the 
MitaacoQS  tissue  of  the  cheeks,  are  sitnilar  bodies,  called  the  buccal  glands.  The  latter 
■re  Mnnewhat  smaller  than  the  labial  glands.  Two  or  three  of  the  buccal  glunds  are  of 
iiiftiidcniMn  size  and  have  ducts  opening  opposite  the  last  molar  tooth.  These  ikt^ 
distinguished  as  the  molar  glands.  There  are  also  a  few  small  glands  in  the 
metnhrane  of  tlie  posterior  half  of  the  hard  palate ;  but  tlic  glands  on  the  under 
mtimeit  of  the  soft  palate  are  larger  and  more  numerous  and  here  form  a  continuous 
hy^.  Tbo  glands  of  the  t^^ngne  (lingual  glands)  fire  situated  beneath  the  raucaua  mem- 
kmi«,  inminly  on  the  posterior  third  of  the  dorsum;  but  a  few  are  found  at  the  edges 
mid  tb«  tip.  All  of  these  are  small,  racemose  glands,  similar  in  structure  to  those  which 
kcre  been  called  the  true  salivary  glands.  In  addition  to  these  structures,  the  mucous 
Sembnuio  of  the  tongue  is  provided  with  a  number  of  simple  and  compound  follicular 
^bndi^  wb»cb  extend  over  its  entire  surface  but  are  most  abundant  at  the  posterior  por- 
tfou  b«timtl  the  clrcumyallate  papillie. 

fharynx  and  the  posterior  portion  of  the  buccal  cavity,  are  found  the  pbaryn- 
und  the  tonsila.  In  the  pharynx^  particularly  the  upper  portion,  racemose 
fijiniii»  likd  those  found  in  the  mouth,  exist  in  large  numbers.  The  mucous  mcnihrane  is 
^forliled,  abo,  with  numerous  simple  and  compound  raucous  follicles,  ^he  tonsils,  situ- 
itod  cm  cither  side  of  the  fauces  between  the  pillars  of  the  soft,  palate^  consist  of  an  ag- 
jreflitioB  of  compound  follicular  glands,  held  together  by  fibrous  tissue.  The  number  of 
^flulf  irntrring  into  the  com[>osition  of  each  tonsil  is  from  ten  to  twenty. 

Tb©  •ocretion  from  the  glands  and  fcdlicles  above  enunjerated  cannot  be  obtained,  in 
til*  bamaii  subject,  ouritl^ed  with  the  fluids  from  the  true  snlivary  glands.  It  has  been 
fblJlfl«d,  however,  in  small  quantity,  from  the  inferior  animals,  after  ligature  of  all  the 
Miiaij  dacta.  This  secretion  is  simply  a  grayish,  viscid  mueus,  containing  a  number  of 
UoooeytM  and  desquamated  epithelial  scales.  It  is  \h\^  which  gives  tlie  turbid  and  opa- 
iKe  character  to  the  mixed  saliva,  as  the  secretifjns  of  the  various  salivary  glands  are  all 
Hirfecily  transparent  The  fluid  from  these  glands  in  the  mouth  is  mixed  with  the  sjdi* 
npf  tecrHions ;  and  that  fr*»m  the  posterior  part  of  the  tongue,  the  tonsils^  and  the 
^i«7im[^a]  glaJidA  p.iflsei^  down  to  the  stomacli  with  the  alimentary  buhis.  This  secretion, 
tly,  forms  a  constant  and  essential  part  of  the  mixed  salira. 
14 
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Mixed  Saliva. — Although  the  study  of  the  distinct  secretions  discharged  into  the 
mouth  possesses  considerable  physiological  interest  and  importance,  it  is  only  the  fluid 
resulting  from  a  union  of  them  all,  which  can  properly  be  considered  in  connection  with 
the  general  process  of  insalivation.  In  man  it  is  necessary  that  the  cavity  of  the  month 
should  be  continually  moistened,  if  for  nothing  else,  to  keep  the  parts  in  a  proper  condi- 
tion for  phonation.  A  little  reflection  will  make  it  apparent  that  the  flow,  from  some  of 
the  glands  at  least,  is  constant,  and  that,  from  time  to  time,  a  certain  quantity  of  saliva 
is  swallowed.  This  is  even  more  marked  in  some  of  the  inferior  animals,  as  the  rumi- 
nants. The  discharge  of  fluid  into  the  mouth,  though  diminished,  is  not  arrested  during 
sleep.  In  the  review  of  the  difl*erent  kinds  of  saliva,  it  has  been  seen  that  the  flow  from 
none  of  the  glands  is  absolutely  intermittent ;  unless  it  be  so  occasionally  from  the  pa- 
rotid, the  secreting  function  of  which  is  most  powerfully  influenced  by  the  act  of  masti- 
cation and  the  impression  of  sapid  substances. 

Upon  the  introduction  of  food,  the  quantity  of  saliva  is  enormously  increased ;  and 
we  have  already  noted  the  influence  of  the  sight,  odor,  and  occasionally  even  the  thought 
of  agreeable  articles.  Many  persons  present  a  marked  increase  in  the  flow  of  saliva  at 
the  sight  of  a  lemon ;  and  wo  are  all  familiar,  in  a  general  way,  with  the  impressions 
which  bring  *'  water  into  the  mouth."  The  experiments  of  Frerichs  on  dogs  with  gas- 
tric fistulffi,  and  the  observations  of  Gardner  on  a  patient  with  a  wound  in  the  oesopha- 
gus, have  demonstrated  that  the  flow  of  saliva  may  be  excited  by  the  stimulus  of  food 
introduced  directly  into  the  stomach  without  passing  through  the  mouth. 

Quantify  of  Saliva. — It  is  not  easy  to  estimate,  in  tlie  human  subject,  the  entire 
quantity  of  saliva  secreted  in  the  twenty-four  hours ;  and  great  variations  in  this  regard 
undoubtedly  exist  in  diflxTent  persons,  and  even  in  the  same  individual  at  difl*erent  times. 
An  approximate  estimate  may  be  arrived  at  by  noting,  as  nearly  as  possible,  the  average 
quantity  secreted  during  the  intervals  of  digestion  and  adding  to  it  the  quantity  ab- 
sorbed by  the  various  articles  of  food.  Some  of  the  earlier  physiologists  investigated 
this  subject  with  much  patience.  BCrard  quotes  the  experiments  of  Siebold,  who  col- 
lected the  saliva  by  holding  the  moutli  open  with  the  head  inclined,  receiving  the 
fluid  in  a  vessel  as  fast  as  it  was  secreted.  An  estimate  of  this  kind  can  only  be  ap- 
proximative, and  those  matle  by  Dalton  are  apparently  the  most  satisfactory.  This  ob- 
server found  that  he  was  able  to  collect  from  the  mouth,  without  any  artificial  stimulus, 
about  five  hundred  and  fifty-six  grains  of  saliva  per  hour ;  and  he  also  found  that  wheaten 
bread  gained  in  mastication  fifty-five  per  cent.,  and  lean  meat,  forty-eight  per  cent,  in 
weight.  Assuming  the  daily  allowance  of  bread  to  be  nineteen  ounces  and  the  allow- 
ance of  meat  to  be  sixteen  ounces,  and  estimating  the  quantity  of  saliva  secreted  during 
twenty-two  hours  of  interval,  the  entire  quantity  in  twenty-four  hours  would  amount  to 
20,104  grains,  or  a  little  less  than  three  pounds  avoirdupois,  of  which  rather  more  than 
one-half  is  secrAed  during  the  intervals  of  eating. 

Remembering  that  the  quantity  of  saliva  must  necessarily  be  subject  to  great  varia- 
tions, this  estimate  may  be  taken  as  giving  a  suflPiciently  close  approximation  of  the  quan- 
tity of  saliva  ordinarily  secreted.  It  must  be  borne  in  mind,  however,  with  reference 
to  this  and  the  other  digestive  secretions,  that  this  immense  quantity  of  fluid  is  at  no 
one  time  removed  from  the  blood,  but  is  reabsorbed  nearly  as  fast  as  secreted,  and  that, 
normally,  none  of  it  is  discharged  from  the  organism. 

General  Properties  and  Composition  of  Salira. — The  mixed  fluid  taken  from  the 
mouth  is  colorless,  somewhat  opaline,  frothy,  and  slightly  viscid.  It  generally  has  a  faint 
and  somewhat  disagreeable  odor  very  soon  after  it  is  discharged.  If  it  be  allowed  to 
stand,  it  deposits  a  whitish  sediment,  composed  mainly  of  desquamated  epithelial  scales, 
with  a  few  leucocytes,  leaving  the  supernatant  fluid  tolerably  clear.  Its  specific  gravity 
is  variable,  ranging  from  100-4  to  1006  or  1008.     Its  reaction  is  almost  constantly  alka- 
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under  eertala  abnormiU  comlitions  of  the  s.rstcm,  tt  has  occo^ionatlj  been 
ricutroi,  and  sometimes,  (liOU|rlj  rartly,  ackl.  Wo  Lav%>  occiisionally  ob* 
li/  acid  taste  in  tbe  saliva  after  very  si^vero,  prolonged^  and  cxbausting 
exertion.  Tbe  saliva  bccuiues  slightly  ufmlesceiit  by  boiling  or  oo  the  atlditiun 
of  like  Ktroug  acids,  Tbe  addition  of  absolute  aleohol  produces  an  abundant  wbitisb^ 
ii>eoii]«Dl  precipitate.  Almost  invariably  tbe  mixed  saliva  prestsnta  a  mor*i  or  less  iatenso 
krw!  tint  on  tbe  addition  of  a  per-aah  of  iron,  wbicb  is  duy  to  tbo  presence  of  a 
iO^f  atude  eitber  of  potassium  or  sodium. 
AliBiniier  of  analyses  of  tbe  human  mixed  saliva  have  been  made  by  different  cbem- 
pneacitingi  however,  fesv  diHerenees,  except  in  the  relative  proportions  of  water 
ndiolid  tQgredients^  which  are  {»robabIy  quite  variable.  Ono  of  tlte  most  reliable  of 
tliei*  aiulydcs  b  tbe  followitigf  by  H'ulder  and  Sebmldt : 


Cotnj>o<t(iun  of  Human  Saliva, 

Wmter .....    

Gpiilidiuiii ^ 

Soluble  orgsaie  matter « 

Safpbo  cytnttie  of  potAjaium , 

Fbo^ptiftt^i  of  «oda«  liinc,  and  roagncsiu 

CliloriiSe  of  pota^um   ) 

ClilonUe  of  sodiaia        >*».*•.*■••*••  ,..*.*.., 


Dd5*!a 

rea 

1*34 

O'Od 

0-98 

0*84 

1,00000 


Tbo  organio  principle  of  the  mixed  saliva,  called  by  Berzelins  ptyaline,  is  not  affected 
'  litfAt  or  the  acids,  but,  on  tbe  addition  of  an  excess  of  absolute  alcohol,  is  coagulated 
llb*fanii  of  whitish  flakes,  which  may  be  readily  separated  by  filtration.  This  sub- 
ttsDco  hmM  been  closely  studied  by  Mialhe  and  is  described  by  bim  under  the  name  of 
I  dUstase.  This  author  regards  it  as  the  active  principle  of  the  saliva,  It  is  ob- 
frotu  tbo  human  aaliva  by  the  following  simple  process: 
Tbe  fluid  fnvm  tbe  mouth  is  first  filtered,  then  treated  with  five  or  six  times  its  weight 
Vftbscilufe  alcohol,  by  wbicb  a  white  or  grayiiib-white  precipitate  is  formed.  This  sub- 
U  collected  on  a  filter  and  is  dried  in  thin  layers  on  a  plate  of  glans  in  a  current 
'  Ski  from  1'**/^  to  I2(r  Fahr.  It  may  then  be  pronerved  indefinitely  in  a  welbstop- 
fici^l  bottle.  The  principle  thus  prepared  may  be  dissolved  in  water,  when  it  is  insipid, 
ftnd  Iwcoraes  readily  decomposed,  ginng  ri^^e  to  a  substance  resembling  botyrio 
It  has  DO  influence  upon  the  nitrogeuized  alimentary  principles,  but»  when  brought 
kiad  with  raw  or  hydrated  starch,  readily  transforms  it,  first  into  dextrine,  and 
fird  into  glucose.  According  to  Mialbe,  the  energy  of  this  action  is  such  that  one 
^  b  feuificietit  to  etfect  t!ie  transformation  of  more  than  two  thousand  parts  of  st^irch. 
IW  pffesenco  of  a  certain  quantity  of  sulpho-cyanide  of  potassium  in  the  mi.xed  saliva 
be  dtjinoostrated  by  the  addition  of  a  per-salt,  especially  the  percklonde  of  iron, 
this  U  A  constant  and  normal  ingredient  of  the  human  saliva  cannot  be  doubted. 
Wc  liave  frequently  bad  occasion  to  apply  tliis  test  to  the  saliva  of  different  persons,  and 
t^  T9«Qlt4  have  been  invariably  tlie  same. 

Il  hu  btH^n  a  qnestiou  whether  the  red  color  produced  by  the  perehloride  of  iron  be 
rwllj  doe  to  tbe  presence  of  a  snlpho-cyanide  in  the  saliva ;  or,  if  it  exist  at  all,  whether 
Jhis  ioli  be  a  normal  constituent  or  Ins  developed  accidentally  as  a  pathological  condi- 
,  or  piro<lijci>d,  AS  has  been  suggested,  by  tbo  action  of  reagents.     Tbe  elaborate  in- 
ss  of  Longet  seem  to  have  setth-d  these  cjuestions  oonehisively.     He  obtained 
riy  throe  lynarta  of  human  saliva,  which  bo  collected  in  half  an  hour  from  forty  sol- 
,  fa«th)g,  who,  after  having  rinsed  and  cleaned  the  mouth,  excited  the  secretion  by 
f  laf  pl^es  of  India-rubber.    The  fluid  was  then  concentrated  so  that  all  the  sulpho- 
de  waM  broaght  into  a  few  drops,  which  showed,  in  an  intense  degree,  the  peculiar 
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reaction  with  the  perchloride  of  iron.     By  suitable  manipuliitioost  the  presence  of  sol* 
phor  was  also  establisht^d. 

Longet  states,  farLhermore,  that  he  has  eiamlned  the  saliva  from  a  great  number  ol 
persons,  under  all  oondittons,  and  has  never  failed  to  demonstrate  the  presence  of 
salpho-cyanide.    Its  proportion  he  found  very  varluble,  and  in  some  cases  it  waa 
slight  that  the  reaction  with  tbe  perchlorlde  of  iron  did  not  immediately  manifest  itself;] 
bat,  by  slowly  evaporntiDg  tlie  liquid  to  one-half  or  one-third  of  its  original  voltt]xie>|| 
the  reaction  was  observed  in  all  cases. 

It  is  probable  that  the  sulpha-cyanide  of  potassium  is  a  constant  ingredient  of  eacltl 
of  the  three  varieties  of  saliva.  It  has  been  found  in  the  parotid,  in  cases  of  salivary] 
fistula,  and  was  noted  by  Dalton  in  the  aaliva  taken  from  tUe  duct  of  Steno^  although^  m\ 
this  case,  the  saliva  contained  an  organic  principle  which  interfered  with  the  test,  butl 
which  could  be  precipitated  by  alcobol  and  seiuirated  by  filtration.  Longet  found  the] 
sulpho-cyantde  in  the  saliva  from  the  submaxillary  and  sublingual  glands,  taken  from  thej 
floor  of  the  mouth  behind  the  inferior  incisor  and  canine  teeth. 

Very  little  need  be  said  concerning  the  remaining  inorganic  constituents  of  saliva,  | 
except  that  they  are  of  such  a  nature  as  almost  invariably  to  render  the  fluid  distinctly  I 
alkaline.     They  exist  in  small  proportion  and  do  not  appear  to  be  connected  in  any  way 
with  the  functions  ot  the  saliva  as  a  digestive  fluid. 
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Functions  of  the  JSaliva, 

Physiologists  are  not  entirely  agreed  concerning  some  of  the  most  important  qneetiont 
relating  to  the  function  of  the  mired  saliva  in  digestion.  Bernard,  from  observations  on  M 
the  lower  animals,  particularly  on  dogs,  concludes  tbat  the  operation  of  the  saliva  is  simply  V 
mechanical;  while  others,  in  view  of  its  property  of  rapidly  transforming  starch  into 
sugar,  attribute  to  it  an  important  chemical  function.  The  experiments  on  which  the 
view  of  Bernard  is  based  are  conclusive,  so  far  as  they  go.  He  has  shown  that  none  of 
the  distinct  varieties  of  saliva  from  the  dog  affect  starch ;  that  a  mixture  of  the  duids 
from  the  three  salivary  glands  is  likewise  inoperative;  and  that  the  mixed  saliva  from 
the  month  of  the  dog,  cootaining  the  secretion  of  the  mucous  glands  of  tbe  mouth,  con- 
verl#  starch  into  sugar  with  dilhculty.  At  the  same  time,  however,  he  mentionit  xhe 
well-known  fact  that  the  hnmtm  mixed  saliva  cliunges  starch  into  sugar  with  great 
rapidity,  and  that  the  same  effect  is  produced  by  the  unmixed  parotid  or  submaxillary 
secretion.  In  the  dog,  amylaceous  principles  taken  by  the  mouth  are  always  found  tm- 
altered  in  the  stomach  and  arc  only  transformed  into  sugar  in  the  Braall  intestines;  but 
observatii»ns  have  shown  that  this  is  not  the  case  in  the  human  subject.  These  facts  are 
a  sufficient  argument  against  the  direct  application  of  experiments  made  on  an  excJu^ve- 
ly  carnivorous  antmah  like  the  du;;,  to  the  digestive  process  in  man,  While  there  is  no 
reason  to  suppose  that  there  is  any  material  difference  in  the  mammalia,  as  regards  the 
general  operation  of  some  of  the  functions,  such  as  circulation  or  respiration,  it  is  evident 
that  ditlerences  exist  in  the  properties  of  the  digestive  fluids,  as  well  as  in  the  teeth  mid 
jaws,  corresponding  with  the  great  differences  in  the  character  and  conditions  of  tbe 
alimentary  priDciplcs.  In  the  study  of  digestion,  therefore,  the  results  of  expenments 
on  the  inferior  animals  cannot  always  be  taken  witlioot  reserve,  and  they  should  be  con- 
firmed by  observations  on  the  human  subject;  hut,  fortunately,  the  properties  of  nearly 
all  of  the  digestive  fluids  whic!i  have  been  studied  minutely  by  vivisections  ha%'e  been 
investigated  more  or  less  fully  in  man. 

In  1831,  Leuchs  discovered  that  hydnited  starch,  mixed  with  fresh  saliva  and  warmed, 
became  liquid  in  the  space  of  several  hours  and  was  converted  into  sngar.  This  fact  has 
since  been  repeatedly  confirmed;  and  it  is  now  a  matter  of  corumon  observation  that 
hydrated  starch  or  unleavened  bread,  taken  into  the  mouth,  almost  instantly  loses  the 
property  of  striking  a  blue  color  with  iodine  and  responds  to  the  ordinary  tests  for  sngar. 
Of  the  rapidity  of  this  aetion  any  one  can  easily  convince  himself  by  the  simple  eiperi* 
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;  little  cooked  starch  into  the  tn«nUh,  mixing  it  welt  with  tlie  »nliva,  nnd 
ISnary  waj  for  sagar.  This  can  hardly  bo  done  so  rapidly  thut  the  reoc- 
I,  and  the  presence  of  siigiir  is  nbo  indicated  by  the  tuste.  Although 
iva  will  tiDallj  exert  the  sarao  netion  on  uncooked  starch,  tlic  trans- 
fbcnMition  Ukf^  place  much  more  slowly.  It  has  been  shown  by  experinieot  that  all  the 
iraHaties  of  hnman  ^liva  have  the  same  effect  on  starch  as  the  mixed  dnida  of  the  mouth* 
Diltoo  found  no  difference  in  the  pure  parotid  ssiVwiv  and  the  mixed  saliva  of  the  human 
I  fts  regards  the  power  of  trtinHfonning  starch  into  sugar.  Bernard  obtained  the 
ettions  from  the  parotid  and  from  the  submaxillary  glands  in  the  human  subject, 
ring  it  out  of  tlie  ducts  as  they  open  into  the  mouth,  with  a  small  syringe  with 
^  tKOzle  nrranged  so  as  to  fit  over  the  pnpilhe,  and  demonstrated  tlicir  action  on  starch. 
LoBfet  fliDwcd  thnt  a  mixture  of  the  secretions  of  the  eubmaxillary  and  the  sublingual 
|3illf|>  hail  the  same  property. 

It  is  annecesanry,  in  this  connection,  to  recite  the  numeruos  exjMirimtntfi  on  the  in- 

iueiice  of  the  saliva  of  the  inferior  animals  on  starch;  but  it  may  be  stated,  as  an  estab- 

Ikbttil  sod  generally-accepted  fact,  that  the  mixed  saliva  and  the  secretion  of  the  ditlerent 

atfirary  glantla,  in  the  human  subject^  invariably  transform  cooked  starch  into  sugar  with 

peal  rapidity  in  the  mouth,  imd  also,  at  the  proper  tempernture,  out  of  the  body.     It 

l-i  -f>  shown  by  Mialhe  that  the  sttirch,  although  it  h  converted  rapidly  into  sugar 

b  ,  ss,  is  tirst  transformed  into  dextrine.     This  point  being  settled,  there  arises 

'     ,1  i|,   ;:  mt  question  whether  the  action  of  the  saliva  ho  important  in  the  digestion  of 

:   K   i.f  whether  tliis  tramsformation  be  merely  accidental;  for  it  hns  been  shown  that 

'  tluida,  among  which  may  be  mentioned  the  serum  of  the  blood,  the  tluid  found  in 

/    '    IT  i!  mnciis,  have  the  same  property,  although  none,  except  the  intestinal  juices,  are 

.:\f  -  .    "licit^nt  as  the  saliva.     And,  again,  the  quantity  of  starch  contained  In  the  food 

■■'  ^j     '  that  it  would  rei]uire,  apparently,  a  longer  contact  with  the  ^iva  than  usually 

^        I  I      in  the  mouth  to  make  this  action  very  efBcient.     These  considerations  make 

--  I  :»  to  follow  the  amylaceous  principles  of  fuod  into  the  stomach  and  to  ascer- 

^  iblo,  whether  the  tran information  into  sugar  be  continued  in  this  organ. 

r  feeding  a  dog  with  starch,  drew  off  the  contents  of  the  stomach  by  a 

„:. Liid  found  the  starch  unchanged,  with  no  traces  of  sugar.    This  experi- 

ve  hAf-e  often  repeated  in  public  demonstrations  with  the  same  results;  but  the 

-  already  noted  in  the  properties  of  the  snHva  of  the  human  subject  and  of  the 

rials  destroy  much  of  the  value  of  such  ohservaUons.     Lon^'ct  and  others*  have 

tion  of  gastric  juice  to  the  «aliva  does  not  interfere  with  the  action 

I,  but  it  has  been  found  that  the  reaction  of  the  sugar  thus  resulting 

ion  of  the  starch  is  m«!*ked  by  the  presence  of  other  principles  con- 

The  question  of  the  continuance,  in  the  stomach,  of  the  digestion 

-h  by  the  saliva  is  settled   by  the  following  observation  by  Grftnewaldt  and 

-.^cr»  in  1853,  on  a  woman  with  a  gastric  fistula: 

**Aitgr  ft  raeai  of  mw  starch,  no  sugar  was  found  in  the  contents  of  the  stomach,  the 

IWm»  drawn  by  the  fistula,  and  was  mixed  with  paste;  the  transformation  into 

ftored  immediately.     As  Bidder  has  observed,  the  transforming  property  of 

p^\<  t4^  ^ven  in  the  presence  of  free  acids. 

'-'i  '  es  of  starch  swelled  with  boiling  water  were  introduced  in  the  stomach, 

Muf,  by  the  liatula;  immediately  after,  a  portion  of  the  starch  was  expelled  again; 

*b*iilj  it  contained  sugar.     A  quarter  of  an  hour  after,  a  great  deal  of  sugar  was  found 

« the  ttomaeb,  and  the  paste  had  become  entirely  fluid," 

th^re  can  be  no  doubt  that  the  saliva,  in  addition  to  its  important  mechanical  fnnc- 
twft^  trumforras  a  considerable  jiortion  of  the  cooked  starch,  which  is  the  common  form 
^*^«'  le  is  taktm  by  the  human  subject^  into  sugar;  but  it  is  by  no  means 

^^'•^^1  1  in  its  digestion,  similar  properties  belonging,  as  we  shall  see  here- 

**©♦  Uf  Lh«  paiicreatic  and  the  intestinal  juice.    The  last-named  duids  are  probably  moro 
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active,  even^  than  the  saliva.  The  saliva  acts  slowlv  and  imperft?ctly  on  raw  starch, 
which  hecotues  hydrated  in  the  stomach  and  is  digested  niainly  by  the  fluids  of  the  small 
intestine.  In  all  prohabiiltjf  the  saliva  does  not  digest  all  the  hydrated  starch  taken  as 
foodj  the  greater  part  passing  unchanged  from  the  stomach  into  tbe  mtestine.  Those  wh{> 
attributo  merely  a  mechanical  function  to  tlie  saliva  draw  their  conclusions  entirely  from 
experiments  on  the  lower  animals^  particularly  thecarnivora;  and  it  ia  evident  that  socli 
observations  cannot  be  strictly  appUed  to  the  Unman  subject 

The  principle  which  is  specially  active  in  the  dij^estion  of  starch,  in  the  htmuin  anbjex't 
at  least,  must  exist  in  the  pure  secretion  from  the  various  glands  as  well  as  in  the  mixed 
saUva.  It  has  been  isolated  and  studied  by  Mialbe,  nnder  the  name  of  animal  diastase. 
Its  properties  and  its  action  on  starch  have  already  been  noted  in  treating  uf  the  com- 
position of  the  mixed  saliva.  M 

In  treating  of  the  various  fluids  which  are  combined  to  form  the  mixed  saliva,  their  V 
mechanica!  functions  have  ncces^^iirily  been  touched  upon.  To  sum  up  this  subject,  how* 
ever,  it  may  be  stated  tljat  the  fluids  of  tiie  mouth  and  pharnyx  have  quite  as  important  an 
office  in  preparing  the, food  for  deglutition  and  tor  tlie  action  of  the  juices  in  the  stomach 
as  in  tlie  digestion  of  starch*  Indeed,  the  former  is  probably  the  more  important  fuoctiun 
in  man  and  the  herhivora.  It  is  a  matter  of  common  experience  that  the  rapid  degluti- 
tion of  very  dry  articles  is  impossible ;  and  the  experiments  of  Bernard  and  others  on 
horses  furaish  very  t^triking  illustrations  of  the  irajiortance  of  the  saliva  as  a  purely  me- 
chanical agent-  In  the  human  Hubjeet,  although  mastication  and  insalivntion  are  by  no 
means  so  complete  as  in  some  uf  tlie  h»wer  animals,  the  quantity  of  saliva  absorbed  by  tho 
v^arious  articles  of  food  is  enr^rmous.  It  seems  impitssible  that  the  fluid  thus  incorporated 
wltli  the  alimentary  principles  should  nut  have  an  important  influence  on  the  clmnges 
which  take  place  in  tlie  stomach,  although  it  must  be  confessed  that  our  inforajation  on 
this  point  is  very  meagre,  cxcej>t  as  regards  the  digestion  of  starch. 

It  is  undoubtedly  the  abundant  secretion  of  the  parotid  glands  which  becomes  most 
completely  incorporated  with  the  food  daring  mastication  and  which  serves  to  unite  the  dry 
particles  into  a  single  coherent  mass.  In  an  exj»criment  on  a  horse,  Bernard  found  that^ 
after  the  ducts  of  Steno  had  been  divided,  the  portions  of  food,  which  were  collected  by 
on  openinj;  into  the  oesophagus  as  they  were  swallowed,  w  ere  not  coherent  and  were 
passed  into  the  stomach  with  great  difficulty.  Tlie  time  occupied  in  eating  about  three- 
quarters  of  a  pound  of  oats  was  twenty-five  minutes;  while,  before  the  gection  of  the 
salivary  ducts,  a  pound  of  oats  was  eaten  in  nine  minutes. 

The  secretions  from  the  submnxillary  and  sublioguul  glands  and  from  the  smaTl  glands 
and  follicles  of  the  mouth,  being  more  viscid  and  loss  in  quantity  than  the  parotid  secre- 
tion, penetrate  the  alimentary  bolus  less  easily  and  have  rather  a  tendency  to  form  a  glairy- 
coating  on  its  exterior,  agglutinating  tho  particles  on  the  surface  with  peculiar  tenacity. 

When  the  process  of  mastication  and  insiilivation  is  completed  end  the  food  is  passed 
back  into  the  pharynx,  it  meets  with  the  secretion  of  the  pharyngeal  glands,  which  still 
farther  coats  the  surface  with  the  viscid  fluid  which  covers  the  mucous  membrane  in  Uiis 
situation,  thus  fitcilitating  the  first  processes  of  deglutition. 

It  has  been  observed  that  tbe  saliva  has  a  remarkable  tendency  to  entangle  huhhlesof 
air  in  tlie  alimentary  mass.  In  mastication,  a  considerable  quantity  of  air  is  mixed  with 
the  food,  and  this  undoubtedly  facilitates  tlie  penetration  of  the  gastric  juice.  It  is  well 
known  that  nifiist,  heavy  bread,  and  articles  that  cannot  become  impregnated  in  this  way 
with  ail-,  are  not  easily  acted  upon  in  the  stomach. 


DeffliititiofK 

Deglutition  is  the  act  by  which  solid  and  liquid  articles  are  forced  from  the  mouth  \ 
into  the  stomach.     The  prtK;ess  involves  first,  tlie  passage,  by  a  voluntary  movement,  of 
the  alimentary  mass  through  the  istlimus  of  the  fauces  into  the  pharynx ;  then  a  rapid 
contraction  of  the  constrictora  of  the  pharynx,  by  which  il  is  forced  into  the  oes<:>phagu«; 
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.,  fijiflllj,  t  i^erifitAltic  action  of  the  muscular  walls  of  the  oesophagus^  extending  from 
opening^  ni  tbt?  phurjrnx  to  tho  stomach. 

Ph^tmUi^ii'al  Anatomy  <{f  the  Parts  conterfUfd  in  Deglutition. — The  parts  concerned 
in  this  function  are  the  toDgue^  the  muscular  walls  of  the  pharynx^  and  the  o^sof'hagus. 
In  tlie  pSMO^^  of  food  and  driuk  throngh  t!je  pharjnx,  it  is  nece»sury  to  completely  pro- 
t«et  fron  tlio  entrance  of  foreign  matters  a  number  of  openinprs  which  are  exclusively  for 
tbe  ^amge  of  nir*  These  are  abo\x%  the  posterior  nares  and  the  Eostachian  tubes,  and 
Wtov,  the  opening  of  the  larynx.  The  mechanism  by  which  these  imssnges  are  clo»?ed 
daring  the  act**  of  deglutition  is  one  of  the  most  interesting  subjects  connected  with  this 
teftloii  and  hits  long  engaged  the  attention  of  physiologists, 

Tbo  todigne — n  muscular  org^an  capable  of  a  great  variety  of  movements,  and  en- 
ditwed,  jift  me  have  8t*en,  with  highly  important  fimctions  connected  with  mastication — 
li  tlie  dilef  agent  in  the  ilr§t  prooesses  of  deglutition.  \U  phy biological  anatomy  faaa 
iktiAy  boen  considered. 
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4up<*rlor  fiorllcin  of  Uie  r  I  to  *how  lh»«  mouth  In  1t*r«la< 

I  -.  ft,  anU'Hf^r  plHur  of  tbi  5<'Il  ^i.ilEtc;  <5,  |»ost«'rior  ptlLir  of  tU« 
ivUy  of  Uii?  pharynx,    ft,  *'pifilotlie:    10,  s«i'Uon  of  the  by* '^ 

lan  riT ;  12^  cavity  of  the  ij»r>-nx. 


TL«  pharynx,  in  which  tlie  lut^st  vigomuH  and  comyilex  of  the  movements  of  de^loti- 

**»  ttke  place,  is  an  irregnlar,  funnel-shaped  cavity,  its  longc*^t  diameter  being  trans- 

5  to  the  cornua  of  the  hyoid  bone,  with  its  mmllest  portion  i^t  the  opening 

i^^uB,     Iti*  len;;th  is  about  four  and  a  half  iueho;?.     It  is  connected  superiorly 

^  jw»t«iwly  with  the  basilar  process  of  the  occipital  bone  and  the  upper  cervical  verte- 
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br«B.  It  U  imperfectly  separated  from  the  cavity  of  tbe  mouth  by  tbe  velum  pendalui] 
ptilati,  a  movable  musculo-raembranous  fold  cODtiDuuas  witfi  the  roof  tbe  mouth  and 
marked  by  a  line  in  tbe  centre^  which  isdicates  its  original  development  by  two  laiera 
halves.  This,  which  is  called  tbe  soft  palate,  when  relaxed^  presents  a  concave  surfarfl 
looking  toward  tbe  raoutli,  a  free,  arched  border,  and  a  conical  process  banging  from  tlii 
cc'Dtre,  called  the  uvula.    On  either  side  of  the  sott  palate,  are  two  curved  iJillarg  or  arcbea 

TJje  anterior  pillars  of  the  fauces  are  formed  by  the  palato-glossus  muAcle  on  either 
side  and  run  obliquely  downward  and  forward,  the  mucous  membrane  which  cover 
them  becoming  continuous  with  tbe  membrane  over  the  base  of  the  tongue.     Tbe  posterior 
pillars  are  more  closely  approximated  to  each  other  than  tbe  anterior.     Tliey  run  obliquely  J 
downward  and  backward,  their  mucous  membrane  liecoming  conlinnous  with  tJie  mem* 
brane  covering  the  ^ides  of  tlie  pharynx.     Between  the  lower  portion  of  tbe  anterior  and) 
posterior  pillars,  are  tbe  tonsils ;  and  in  tbe  substance  of,  and  beneath  tbe  mucous  meui- 
brane  of  the  palate  and  pharynx,  are  small  glands,  which  have  already  been  descrilM?dH 

In  Fig.  52  are  shown  the  cavities  of  tbi?  mouth  and  pharynx  with  tlieir  relations  tgj 
the  nares  and  the  larynx. 
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mWie  1  19,  U'usor  \^ikliit\ ;  'it),  levator  pAlatL 


The  isthmus  of  the  fauces,  or  the  strait  through  which  the  food  passes  from  the  mouth 
to  tbe  pharynx,  is  bounded  above^  by  tbe  soft  palate  and  the  uvula ;  laterally,  by  tbe  p 
lars  of  tbe  palate  and  the  tonsils;  and  below,  by  tbe  base  of  tbe  tongue. 
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Th#  opemngs  tnto  the  pLarjox  above  are  the  posterior  nares  and  orifices  of  the  Ensta- 
chiiia  tubi?!!.     Below,  are  the  openings  of  the  oeaophaguj^  au<1  the  larynx. 

The  lUQAcles  of  the  phar>nx  are  the  superior  constrictor,  the  stylo-pharvTigeus,  the 
middle  cH>iisirictor,  and  tho  iufenor  constrictor ;  asd  it  la  msy  to  see,  t'ruiti  ihe  situaliun  uf 
tlk«ie  iriU6cles,  how,  by  thotr  successive  action  from  above  downward,  the  food  Is  passed 
mio  ibe  cp^jfphagas. 

Tb#  ^U|H,*rior  constrictors  form  the  muscular  wall  of  the  upper  part  of  the  pharynx. 
Aflir  origiti  extends  from  the  lower  third  of  the  margin  of  tbe  internal  pteryi^oid  plate  of 
tkt  ffibmoid  bone  to  the  alveolar  process  of  the  last  molar  tooth,  the  Intertnodiute  line  of 
ititi^uiiciat  being  to  tendons  and  ligaments.  The  fibres  then  piisi^  backward  and  meet  in 
Ibd  DNNliAli  raphe,  which  is  attached  by  ai^onetirolio  tibre^  to  a  ridge  on  the  basilar  process 
of  tbe  occipital  bone^  called  the  pharyngeal  spine. 

Hie  ilylo-pharyngeus  muscle  has  a  rounded  portion  abovei  by  which  it  arises  from  the 
iaocr  sorface  of  the  base  of  the  styloid  process  uf  the  temporal  bone.  It  past^os  between 
tbe  M{i«rior  and  middle  constrictors  of  the  pharynx^  becomes  thin^  and  spreading  out^  its 
fibrri  mlsigle  in  part  w  ith  the  fibres  of  the  ciinstrictors  and  the  palato-jjharyngeuS)  and  a 
lev  paas  to  be  inserted  into  the  upper  border  of  the  thyroid  cartilage. 

TUo  middle  constrictor  is  a  flattened  muscle^  arising  from  the  cornuaof  the  hyoid  bone 
tad  the  stylo-hyoid  ligament,  its  tibres  paaaing  backward^  s]»reading  into  a  fan-shape^  and 
Diei«tiae  in  the  median  raphe, 

"'        "  rior  constrictor  is  the  most  powerfu!  of  the  iimscles  of  the  pharynx.     It  arises 

•^hr  ma^se^  from  the  sides  of  the  thyroid  and  cricoid  cartilages  of  tbe  hirynx, 

r    res  curve  backward^  and  the  superior  fibres,  backward  and  upward,  to 

' liiiD  raphe, 

muscles  which  form  the  fieshy  portions  of  the  soft  palate  arc  likewise  important 
^  .v^lutttiou* 

Tiie  levator  palatif  a  long  rousole  of  considerable  tlnckness,  arises  from  the  apex  of  the 
l-inms  fK«rtiun  of  the  temporal  bone  and  the  adjacent  cartilaginous  portion  of  tbe  Eusta- 
diiia  tQl»e  J  and,  spreading  out  in  the  posterior  portion  of  the  soft  palate,  as  its  name 
uii{ilic-^  it  rai!«es  the  velum. 

Tlic  !fO«or  palati,  i.onietim08  called  the  circumflesus,  is  a  broad,  tliin  muscle,  consiflt- 
iftfof  ft  vertical  portion,  whirh  is  tiei-hy,  and  a  horizontal  portion,  which  is  tendinous. 
Thefle«hy  fibres  arise  from  tlie  scaphoid  fossa  of  the  sphenoid  bone,  pass  downward,  be- 
Mons  tendinous,  and  wind  around  the  hamular  pro<je«8;  after  which  tbe  muscle  spreads 
Kit  toio  a  thin  aponeurosis,  wliicfa  passes  to  the  median  line  on  tlie  anterior  jiortion  of 
ibtttjft  palate.     Its  action  is  to  render  the  palate  tense. 

Th^  palato-glossas  forms  tbe  anterior  pillar  of  the  soft  pnlate.  It  arises  from  the  side 
wf  the  palate  near  the  uvula  and  passes  to  l>e  inserted  into  the  side  and  diU'sum  of  the 
h>L^Q,  The  action  of  this  muscle  is  to  constrict  the  istiimus  of  the  fauces,  by  drawing 
iw'fl  the  soft  palate  and  elevating  the  bnse  of  the  tonpiie. 

The  palato-pharyngea?*  form8  I  be  posterior  pillar  of  tbe  soft  palate.    It  arises  from  the 
•'►i'  i'ilat*e  by  two  fasciculi,  and  joins  witfi  the  fibres  of  tbe  stylo-pharyngeus,  to  be  in* 
ato  tlie  posterior  border  of  the  thyroid  cartilage.    Its  action  is  to  approximate  the 
'  nuf  pillars  of  the  pa  Lite  and  depress  the  velum. 

n»e  azTgo!!  u%ulic  is  the  small  muscle,  consisting  of  two  fasciculi,  one  on  either  side, 
■  -  the  fleshy  portion  of  the  nvuhu    It  Las  no  very  marked  or  important  action 

Ilit    i  :  .   ;<  Tnombraneof  the  pharynx,  nside  from  the  vanoiis  glands  situated  beneath 

u  tad  ,ri  ir  s  Hrjbstonce,  which  have  already  been  described^  presents  some  |>ecuriarities, 

[BUch  ar«  interefiting  more  from  an  anatomical  than  a  physiological  point  of  view.    In 

W  portion,  which  forms  a  cuhoida!  cavity  just  behind  the  posterior  nares,  the 

14^  \*  darker  and  much  richer  in  blood-vessels  than  in  other  parts.     Its  surface  is 

and  provided  with  ciliated,  columnar  epithelium,  like  that  which  covers  the  mem* 
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brans  of  the  posterior  nares.    It  is  tiiatked  by  a  de(?p  antero-posteriur  groove  in  tbe 
ijiedian  line;  and,  on  eitber  sidci  parallel  with  the  median  Ime^  are  four  smaller  groove 
In  the  horizontal  portiotis,  the  mucous  niembrane  in  the  central  groove  adheres  lo  tb 
periosteum  of  the  basilar  process,  particularly  at  hs  posterior  extremity.     Lalcrally,  h( 
low  the  level  of  the  openinf^^  of  ihe  Eustachian  tubes,  and  posteriorly,  ut  the  point  m  Uer< 
it  becomes  veriical,  the  mucous  membrame  ahru[>tly  changcB  its  character.    The  epithelii 
coveriog  is  here  composed  of  cella  of  tlie  paveriicut- variety,  similar  to  tho^e  which  eovv] 
the  mucous  memhrane  of  the  oesophagus.     The  membritne  is  also  paler  and  is  le*9  rich 
in  blood* vessels.     It  is  provided  witli  papillie,  some  of  which  are  simple,  conical  eleva-' 
tions,  while  others  present  trom  two  to  six  conical  processes  with  a  single  base.     TIjci 
papillas  are  rather  thinly  distributed  over  all  of  that  portion  of  the  mucous  surface  wliicll^ 
is  covered  with  paveujent'Cpitheliuni. 

The  contractions  of  the  mu^scular  waits  of  the  pharynx  force  the  alimentary  bolus  int4>1 
the  cesophagus,  u  tube  possessed  of  thick,  muscular  walls,  extending  to  the  stomach.  Tho' 
a*4Sophiigus  is  about  nine  inches  in  length.  It  is  cylindrical,  and  rather  constricted  at  itarj 
superior  and  inferior  extremities.  It  commences  in  the  median  lino  behind  the  lower' 
border  of  rhe  cricoid  cartilage  and  opposite  the  fifllj  cervical  vertebra.  At  first,  as  it  de* 
scends,  it  passes  a  little  to  the  left  of  tlie  cervical  vertebra?.  It  tlien  parses  from  left  lo 
right  from  the  fourth  or  fifth  to  the  ninth  dorsal  vertebra,  to  give  place  to  the  aorta_  It 
finally  passes  a  little  to  the  left  again,  and  from  behind  forward,  to  itt*  opening  into  tha 
etomach.  In  its  passage  through  the  diaphragm,  it  is  surrounded  by  mu^cuhir  fibres,  ^o 
that  when  this  muscle  is  eontrueted  in  inspiration,  its  action  has  a  tendency  to  close  the 
opening. 

The  coats  of  tlie  oesophogns  are  two  in  number,  unless  we  include,  as  a  third  coat,  th« 
fibrous  tissue  which  attat  be»  the  raucous  membrane  to  the  subjacent  muscular  iist-uo. 

Tlie  external  coat  U  composed  of  an  external  longitudinal,  and  an  internal  circular  or 
transverse  layer  of  muscular  fibres.  In  the  superior  portion,  tbe  longitndinul  fibres  «r« 
arrange<l  in  three  distinct  fasciculi;  one  in  front,  which  passes  downward  from  the  pos- 
terior surface  cf  tlie  cricoid  cartilage,  and  one  on  either  sid^,  extending  from  the  iufenor 
constrictors  of  tbe  pharynx.  As  tbe  fibres  descend,  the  fasciculi  become  less  difttinct 
and  ore  finally  blended  into  a  uniform  layer.  The  circular  layer  is  somewhat  thinner 
than  the  external  layer.  Its  fibres  are  transverse  near  the  superior  and  inferior  extrem- 
ities of  tite  tube  and  are  soniewhut  oblique  in  the  intermediate  portion,  The  muscular 
coat  is  from  3^  to  ^V  ^^  ^^  ^^^^  ^  thickness. 

In  the  upper  third  of  the  oesopiiagus,  the  muscular  fibres  are  exclusively  of  tlie  red  of 
striated  variety,  with  some  imastnino5?ing  bundles;  but,  lower  down,  there  is  a  mixture  of 
non-striated  fibres,  which  appear  first  in  tht)  circular  lajer.  These  hitter  fibres  become 
gradually  more  numerous,  until,  in  the  lower  fourth,  they  largely  predominate.  A  fetr 
striated  fibres,  however,  are  found  as  low  down  as  the  diaphragm. 

The  mucous  membrane  of  the  oesophiigus  is  attached  to  the  mnsculnr  tisstie  by  a  dense^ 
fibrous  layer.  It  is  quite  va^scular  and  reddish  above,  but  becomes  gradually  paler  in  tho 
inferior  portion.  The  mucous  membrane  is  ordinarily  thrown  into  longitudinal  folds, 
which  are  obliterated  when  the  tube  is  distended.  Its  epithelium  is  thick,  of  the"  pave- 
ment-variety, and  is  continuous  with,  and  similar  to  the  covering  of  the  lower  portion  of 
the  pharynx.  It  is  provided  with  jiapilhe  of  the  same  structure  as  those  found  in  the 
pharynx,  t!ie  conical  variety  predominating.  Numerous  small,  racemoi^e  ^ihmds  are  found 
throughout  the  tube,  forminjr  by  their  aggregution  at  the  lower  extremityj  just  before  it 
opens  into  tbe  stomach,  a  glandular  ring. 

MrfhaniMm  of  Deglutition, — For  convenience  of  description,  physicdogists  have  gen- 
erally divided  the  process  of  deglutition  into  tliree  periods.  The  first  i»eriod  is  occtipted 
by  the  passage  of  the  allinetitary  bohis  backward  to  the  isthtuus  of  the  fauces.  Thisi.  majr 
appropriately  be  considered  as  a  distinct  period,  because  the  movements  are  effected  hf 
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iuu!»eISilliniimif  control  of  the  will.     The  yt^coud  ptriou  isotcnpied  bytlie 

focMl  frutn  the  isthmus  of  tlie  fiiuces,  through  the  ijhurjrnx,  into  the  upper 

The  third  period  is  occupied  by  the  pa8i»age  of  the  food  through 

nti  Stomach. 

Um)  first  period,  the  tongue  lij  the  important  agent.     After  mat«ticiitioQ  hus  been 

,  the  tiiuuth  is  ck»sed  and  the  tongue  becomes  sHghtly  iiicreai^ed  in  width,  and^ 

fllimt'Uttirjr  bolus  behind  it,  is  pressed  from  before  baeliward  against  the  roof  of 

tba laaililli.     The  act  of  swallowing  is  always  performed  with  diifieuUj  when  the  uiontli 

In  DOl  completely  closed ;  for  the  tongue^  from  its  attuchmcuts,  mu^^t  foltow,  to  a  eerluin 

cxlait,  I  Mvnt^  of  the  lower  jaw.     The  rui?t  t*ai't  of  the  tir.st  period  uf  deglutition, 

i^tnilb^  'O;  but,  when  the  foi>d  has  j massed  beyond  tlie  bard  palate,  it  eome&  in 

ivataet  wiih  tii«  ban jdnj<  vein m^  imd  the  muscles  are  brought  into  action  which  render 

tidt  meichniiio  tcoae  and  oppose  it  in  a  certain  de^^ree  tu  the  backward  movement  of  the 

Ims  of  tlie  tongue.     This*is  eflected  by  tbe  actiim  of  the  ten^r-palati  and  the  pnlato- 

^iMMU.     The  moderate  tension  of  the  soft  palate  admitB  of  its  being  applied  to  the  smaller 

ttotseb,  while  the  opening  is  dilated  somewlmt  tbroibly  by  mia^^  of  greater  she, 

•      .  easy  to  appreciate,  in  analyzing  the  first  period  of  deglutition,  that  liqaids  and 

k-r  articles  of  food  are  assisted  in  their  passage  to  the  isthmns  of  tlie  faucea  by  a 
a«aetJoo  force.    Thit*  is  etlVcted  by  the  action  of  the  musckiiof  tbe  tungue,  elevating 
Mem  and  depresw-ing  the  centre  of  the  dorsum,  while  tbe  tjoft  palate  is  accurately 
Ittl  Ur  the  base, 
riie  iiB|iortai}ee  of  the  rnovements  of  tbe  tongue  duriDg  tbe  first  period  of  deglutition 
bowa  by  experiments  on  tlie  inferior  animals  and  by  cai*es  of  iosa  of  this  organ  in 
_        liiBii&D  iiihject.     In  the  e3cperimenl«  of  Panizza.  which  have  already  been  referred  to 
neonnvction  with  mastication^  it  was  found  that  paralysis  of  tlie  tongue  by  fieetion  of 
-*ii\  nervei*  in  dogs  dej>rived  the  animals  of  the  power  of  swallowing,  even 
-  of  meat  or  bread  was  pnt  upon  its  doraal  surface.    In  an  observation  on  a 
ri  which  we  divided  both  bypoghjssal  nerves,  tiie  effect  uiiun  dcghUition  was 
1.     Tlie  animal  ate  with  ditiiculty,  the  pieces  of  meat  which  were  given  him 
Jy  dropping  from  the  moutli.     He  was  able  to  swalkivv  only  l*y  jerlciug  the  head 
upward,  80  ft!?  to  throw  the  meat  f>ast  the  base  of  the  tongue ;  and,  even  wdien 
L«a  commenctid,  the  first  steps  took  place  slowly  and  with  a[)parent  difficulty, 
nf  drinking  was  very  curious.     Tlie  animal  made  the  nsual  noise  in  attenipt- 
liut  the  tongue  did  not  come  out  of  the  moutli,  and  tbe  only  way  he  seemed 
iter  was  by  jerking  the  head  and  moving  the  jaw  so  as  to  throw  some  of  the 
tie  mouth.     On  causing  him  to  drink  from  a  graduated  glass,  it  was  found 
k  four  fiuid ounces  in  four  minutes.     In  the  case  of  a  young  girl,  re])orted  to 
-r  9^iu'ure,  in  ITIB,  by  Do  Jussieu,  in  which  there  was  congenital  absence 
iv»n  was  impossible  until  the  food  had  been  pushed  with  tbe  finger 
iiiL-  irjtniJb.    In  cases  of  amputation  of  the  tongue,  a  portion  of  its  Imse  gen- 
1-^  miificient  to  pres*  against  the  palate  and  thus  act  in  the  first  periwl  of  deg- 

Urn  wm^^m^nU  in  the  fir*t  period  of  deglutition  are  under  the  control  of  the  will  but 

^pt  tltrntiiry.     When  the  food  has  been  sufliciently  masticated,  it  requires 

•  fdi:  lit  the  act  of  swallowing.     In  this  resf>ect,  the  movements  are  like  the 

iHKrf  re^iuration,  except  that  the  imperative  necessity  of  air  in  the  system  must,  in  a 

A«rt  time,  ovifrc«ime  any  voluntary  eflbrt  by  which  respiration  has  been  arrested. 

Tbe  t^ond  penoil  of  deglutition  involves  more  complex  and  important  muscular 

dan  than  the  first.     By  a  rapid  and  almoj^t  convulsive  series  of  movements,  the  food  is 

iv  to  fiAM  thrrmgh  the  pharynx  into  the  *j?:^«»plia}:us.    The  moveinents  iire  then  entirely 

r»«'^  "1  of  the  will,  and  belong  to  tlte  kind  usually  called  reflex.     At>er  the 

lias  passed  beyond  the  isthmtH  of  the  fauces,  it  is  easy  to  «d>serve  a  sud- 

M»d  pecuhar  movement  of  elevation  of  the  larynx  by  the  action  of  muscles  which 
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usoallf  depress  the  Jower  jaw,  but  wLich  are  now  acting  from  this  bone  as  the  ^\ 
|)oiiit.     The  muscka  wliich  produce  this  movement  act  chiefly  upon  the  hyuid  bom 
They  are  the  digastric  (particularly  the  anterior  belly),  the  niylo-hyoid,  tlje  gcnio-hyoidj 
the  jstylo-hyoid,  and  some  of  the  fibres  €f  the  genio-glossus.     It  ia  probable,  al&o,  that  the 
thyro'hyoid  acts  at  this  time  to  draw  the  Jarjnx  toward  the  hyoid  bone*     With  tbis  ele- 
vation of  ttie  larynx^  there  is  necessarily  an  elevation  of  the  anterior  and  inferior  i>ortioDa 
ot  the  pharynx,  which  are,  as  it  were,  slipped  under  the  alimentary  bolus  as  it  is  h«ld  b; 
the  constrictors  of  the  isthmus  of  the  fauces. 

Contraction  of  the  cbnstrictor  muscles  of  the  pharynx  takes  place  almo^*t  simnlti 
neously  with  the  movement  of  elevation;  and  the  superior  constrictor  is  so  situated  as 
grasp  the  moreel  of  food,  and  with  it  the  soft  palate.  The  muscles,  the  constrictors  act* 
ing  from  tlae  median  ruphe,  assist  to  elevate  th«  anterior  and  inferior  walls  of  the  pharynx 
and  pm^s  the  fotnl  rapiilly  into  the  upper  jjurt  of  the  oesophagus.  AJl  these  complex 
moveijjents  are  accomplished  with  great  mpidity,  and  the  larynx  and  phurynx  are  then 
immediately  returned  to  their  original  position. 


Da 
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PrvUHion  of  the  PoHerhr  Kara  durinff  tht  Second  Period  of  J)effltttition,—Wheu 
the  act  of  deglutition  is  performed  witb  regrdarity,  no  jjortion  of  the  li(|oid9  and  solidi 
swallowed  iivvt  finds  its  way  into  the  air-pasFiiges.  The  entrance  of  foreign  substances 
into  the  posterior  naret*  is  prevented  in  part  by  tiie  action  of  the  superior  constrictors  of 
the  pharynx,  which,  as  we  have  seen,  embrnce,  during  their  contraction,  not  only  the  ali- 
nicntary  mass,  but  the  velum  pendulum  pnlati  itself,  and  in  part,  also,  by  contraction  of 
til©  muscles  which  lurm  tlic  posterior  pillars  of  the  soft  pulate. 

During  the  lirst  part  of  the  second  period  of  deglutition,  the  soft  palate  is  slighUl^ 
raised,  being  pressed  u(»ward  by  the  morsel  of  food.    This  fact  has  been  observed  in  casei 
in  which  the  parts  have  l>een  exposed  by  surgical  operations,  and  its  mechanism  has 
been  obs^erved  in  the  human  snbject,  by  Bidder  and  Kobelt.     In  one  case— that  of  ayomii 
man  who  had  ]mt  the  superior  maxillary  bone,  as  well  as  the  zygoma — the  soft  palai 
could  be  observed  from  its  superior  surface ;  and,  at  each  movement  of  deglutitioD,  th 
palate,  which  is  naturally  inclined  downward,  became  more  horizontal,  and  the  postcrioi 
wall  of  tlie  pharynx  came  forward  to  meet  it.     The  same  movement  of  the  f>htirynx  w 
observed  by  Kobelt  in  the  case  of  a  soldier  who  received  a  severe  sabre-cut  in  the  neck. 

While  the  food  is  passing  through  the  pharynx,  the  palato-pharyngea!  muscles,  whick 
form  the  posterior  pillars  of  the  soft  palate,  are  in  a  state  of  contraction  by  which  th^ 
edges  of  the  pillars  are  nearly  approximated,  forming,  with  the  uvula  between  them/ 
almost  a  complete  diaphragm  between  the  postero-superior  and  the  antero-inferior  parts 
of  the  pharynx.  This,  with  the  application  of  the  posterior  wall  of  the  pharynx  to  ih* 
superior  face  of  the  soft  palate,  completes  the  j>rotection  of  the  posterior  openings  ol 
the  nftjiial  fossa?.  The  fuct  that  the  posterior  pillarn  are  thus  contracted  and  approximated 
during  deghuition  may  he  easily  verified  by  simply  watching  these  parts  with  a  mirror 
during  an  effort  at  swallowing.  In  a  case,  observed  by  lJ6rard,  it  was  shown  that  t}m 
muscular  action  of  the  soft  palate  was  absolutely  necessary  to  tlie  protection  of  the  nares, 
particularly  in  swallowing  liquids.  In  this  instance,  a  young  lady  was  atfected  with 
complete  paralyi^is  of  th©  velum,  whicli  allowed  liquids  to  rettirn  so  freely  by  the  nose  in 
ewallowiug  that  she  was  obliged  to  retire  from  observation  whenever  s^he  drank. 

Proteethn  of  the  Opening  qfthe  Laryn^^  and  Cses  of  the  EpigUtttB  in  J>eg}utitiim,'^\ 
The  entrance  of  the  smallest  quantity  of  solid  or  liquid  foreign  matter  into  the  larynx  j 
produces  violent  and  distre*i?*ing  congh.  This  accident  is  of  not  infrequent  occurrence,  I 
especially  when  an  act  of  inspiration  is  inadvertently  performed  while  solids  or  liAjuidjs^j 
are  in  the  pharynx.  Buring  inspiration,  the  glottis  is  opened,  and  at  that  time  only  can  ' 
a  substance  of  any  considerable  size  find  its  way  into  the  respiratory  passages.  Kespira* 
tton  is  interrupted,  however,  during  each  and  every  act  of  deglutition;  and  there  can, 
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hardly  tiny  tendenoy  at  thnt  time  to  the  entrance  of  foreign  substiinccs  into 
t&e  tttrjGX.  Dttrmg  a  rogriitar  act  of  swullowing,  nothing  can  find  ild  vfay  iiito  the  rcaph*- 
itorf  p^asageSf  so  complete  is  the  protection  of  the  krjnx  during  the  period  when  tlie 
load  pnnirn  Ikrongb  the  ptmrmx  into  tht*  a?»op)hft^U9. 

Tlie  sHoatlon  of  the  epiglottis  has  naturally  led  physiologists  to  attribute  to  it  great 
liii|Ni«t«iie«  in  preventing  the  entrance  of  particles  of  food  and  lif^uids  into  the  larynx.  It 
vil)  lie  rtci»eml>ered  that  thia  cartUaginoui^,  leaf  like  process  h  attached  to  the  anterior 
of  tlie  larynx,  and  l^  usually  erect,  lying  against  the  base  of  the  tongue.  In  the 
mis  of  the  tongue  and  larynx  incident  to  deglutition,  tlifi  epiglottis  it*  necessarily 
to  the  superior  face  of  the  larynx  »o  as  to  close  the  opening.  A] though »  during 
le^mttioQf  the  glottis  is  covered  in  this  way,  it  ia  necessary  to  study  closely  till  the  con- 
JitkMss  which  ore  iiivo]ve<l  and  to  ascertain  what  19  the  actual  value  of  each  of  the  various 
■cttoft  Vf  which  entrance  of  foreign  bodies  into  the  air^passages  is  prevented^  for  tliia 
jt'it      '        -^  aceoraplished  by  several  distinct  provisions. 

at,  from  the  anatomy  of  the  parts  and  the  ncceBmrj  re8u]t«»  of  the  contrac- 
tion u^  ;L^  tntiscles  of  deglatitioc,  that,  while  the  food  is  paseing  through  the  pliarynx. 
like  larynx,  by  its  elevation,  passes  under  the  tongue  as  it  moves  backward^  and  the  soft 
fttt  of  this  organ  is,  as  it  were,  moulded  over  the  glottis*.  "Witli  the  pnrU  removed  from 
the  btittuiQ  subject  or  (rora  one  of  the  inferior  animals,  we  can  ttnitute  tlie  natural  movc- 
wmu  of  the  tongue  and  larynx,  and  it  is  evident  that  this  provision  alone  must  be  suHl* 
ctcBt  to  protect  the  larynx  from  the  entrance  uf  solid  or  semisolid  particles  of  food, 
firticalarly  when  we  remember  how  the  alimentary  particles  are  agglutinated  by  the 
idivA  and  how  easfy  their  passage  become?*  over  the  membrane  coated  with  a  slimy 
nam,  Kxp^^riments  on  the  inferior  animals  and  observation!*  u\um  the  human  subject 
kveotr  settled  the  ques^tion  that  the  deglutition  of  all  articles,  except  Ii<jui<ls,  is 

foenlij  1  without  ditiiculty  when  the  epigK>ttis  has  been  removed  or  lost  by 

MMtot  or  disease,     llie  t^ame  \s  true  when,  iu  addition,  the  intrinsic  muscles  of  the 
^•'^^v  ftavc  been  paralyzed  by  the  section  of  nerves,  or  even  when  closure  of  the  rima 
>  h  forcibly  prevented.     It  has  been  shown,  however,  by  the  experimenta  of 
'*  '*,  when  the  larynx  is  in  pnrt  prevented  from  performing  its  movement  of 
1  la*  deglutition  of  a  moist  mas-*  of  alimentary  matter  is  effected  witli  difliciilty 
»d  U  fiiUi/wed  by  a  sharp  congh^  indicating  the  entrance  of  a  certain  quantity  of  foreign 
ntttr  intn  the  air-passages. 

Itl^  1^  for  the  muscles  of  the  pharynx  to  contract  without  drawing  together 

*St  c>l  larynx,  to  which  they  are  attached,  and  assisting  to  close  tbe  glottis.     At 

i<?.,  as  the  movements  of  respiration  are  arrested  during  deglutition,  the  lips 
-  fail  together,  aa  they  always  do  except  in  inspiration.     This  fact  we  have 
bserved  in  demonstrating  the  respiratory  movements  of  the  glottis;    for, 
i^  thus  exposed,  the  animnl  makes  frequent  efforts  at  deglutition.     Jn 
1  Lssive  and  incomplete  approximation  of  the  vocal  chords,  it  has  repeat- 
ed that  the  lips  of  the  glottis  are  accurately  and  firmly  closed  dunng 
J  urtion, 
Laojrri  justly  attaches  great  importance  to  the  exquisite  sen^iMlity  of  the  top  of  the 
h"*^"*'  m  preventing  the  entrance  of  foreign  ssubstances.     Uh  experiments  of  dividing  all 
rtfitt*  filament*  distributed  to  the  intrinsic  muscles  show  that  their  action  is  not 
"^^iitiai    But,  on  division  of  the  superior  Inryngeal,  the  nerve  which  gives  sensibility 
i*tll«|«lti^  h*»  fr^und  that  liquids  occasionally  passed  in  s^mal]  quantity  into  the  trachea. 
Tlii  U  ittHbittefl  to  the  want  of  9cnsil>ility  in  the  mucous  membrane  above  the  glottis: 
•*fcr  tib*  amlmal  w  not  aware  in  time  of  the  presence  of  liipiid  which  ?nay  accident:illy 
pi  Itio  the  «ipra-laryngeal  cavity,  the  occlusion  of  the  glottis  is  sometimes  tno  tardy 
lo/t  lake  place  until  after  the  passage  of  the  liquid;  or,  again,  tlic  animal,  in- 
tif  then  making  a  sodden  expiration,  makes  an  unseasonable   inspiration  which 
UTiUlM  the  introduction  of  the  foreign  substance  into  the  air-pa«sages,  and  the  cough 
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does  Dot  take  place  imtil  this  is  already  in  contact  with  the  tracbe^  or  brpnchlal  rancooi  J 
naembraue.**     These  eJcperlnients  strikiogly  illustrate  the  oonservalive  function  of  lL« 
acute  sensibility  of  the  mucous  membrane  above  the  glottis.     No  foreign  substance  can 
find  its  waj  into  the  air-piissages  bv  simply  drop[jiiig  into  the  cavity  situated  above  lii« 
vocal  cords  when  respiration  is  interrujitcd^  but  can  only  eater  by  being  drawn  in  forciblf  I 
and  suddenly  witb  an  act  ol  inspiration^  when  the  glottis  is  widely  opened.     It  is  nuirl 
well  known  to  the  practical  physician  that  direct  applications  cunuot  be  made  to  the  iit-J 
terior  of  the  larynx,  unless  an  instrument  be  suddenly  introduced  with  the  in-^piratory  act; 
and,  at  thi^  time,  &  little  dexterity  will  enable  an  operator  to  introduce  bodies  of  consider- 
able size  below  the  vocal  chords. 

Before  the  experiments  of  Magendie,  in   1813,  pliysiulogists  were  generally  of  the 
opinion,  judging  from  anatomical  relation^  tliat  the  epiglottis  bad  the  function  of  pro- 
tecting the  larynx  from  the  entrance  of  particlfi?  of  food  during  the  second  period  of  deg- 
lutition.    Magendie  extirpated  the  entire  (Epiglottis  in  dogs  and  found  that  the  animula] 
swallowed  lu|uidi  and  solids  without  diffi(.!ulty,  the  act  being  very  seldom  followed  hfl 
cough.     The  observations  on  deglutition  were  made  an  hour  after  the  removal  of  the 
epiglottis.     In  other  animals,  the  superior  and  inferior  laryngeal  nerves  were  divided,! 
thus  paralyzing  the  muscles  of  the  glottis.     The  deglutition  of  liquids  especially  be- 
came ditfieidt  and  was  followed  generally  by  cough.     As  tlie  result  of  these  obs^rvatioD«|  I 
Magendie  came  to  the  conclusion  that  the  larynx  is  protected  during  deglutition  by  cloa^'l 
nro  of  the  glottis  itself. 

Although  the  ex]jeriment3  on  animals  were  apparently  conclusive,  observations  oa] 
the  human  subject  have  been  cited,  in  which,  after  destrnctiun  of  the  epigluttis  by  dis* 
ease,  tl»ere  existed  persistent  difficulty  in  swallowing  liquids.  As  numcnius  pathologi^sal  j 
observations  of  this  character  have  been  reported,  the  question  could  not  be  regarded  asJ 
entirely  settled  by  the  researches  of  Magendie.  It  was  with  the  view  of  determining] 
this  more  rigoroustly,  that  farther  experiments  were  instituted  in  1S41»  by  Longet. 

In  investigating  this  question,  Longet  removed  the  epiglottis  from  six  dogs*  lie  foanill 
that,  in  the  animals  kept  until  the  parts  were  perfectly  cicatrized,  more  or  kss  cough  1 
followed  the  deglutition  of  liquids.  One  of  these  he  kept  for  six  months  find  found  thatl 
w-hen  he  drank  milk  or  water  cough  never  failed  to  follow.  The  same  fact  was  noted  iql 
three  of  the  animals  that  were  killed  on  the  nineteenth  day  and  in  one  that  was  killedl 
on  the  thirtieth  day.  In  all,  the  complete  excision  of  the  epiglottis  was  verified  by  post-l 
mortem  examination.  In  one  of  the  animals,  killed  two  days  after  the  operation,  that] 
generally  swallowed  liquids  without  coughing,  there  was  found  a  sjwelling  at  the  base  <»f  j 
the  tongue  which  projected  over  the  larynx. 

Seve;*al  cnscs  of  loss  of  the  epiglottis  in  the  human  subject  are  quoted  by  I^nget  i 
support  of  his  view  that  this  part  is  necef^sary  to  the  complete  protection  of  the  air-pas*! 
sagos,  particularly  tn  the  deglutition  of  liquids.     Two  of  the  most  striking  of  these  case 
were  observed  by  Larrey,  in  Egypt.     One  of  these  was  the  case  of  General  Murat^  wha 
was  wounded  by  a  ball  passing  through  the  neck  from  one  angle  of  the  jaw  to  the  other, ' 
cutting  off  tlie  epijrlottis,  which  was  expelled  by  tlie  month*     In  this  instance,  the  diffi* 
cttlty  in  the  deglutition  of  liquids  was  so  great,  that  it  became  necewary  to  introdoco 
them  through  a  tube  passed  into  the  cesophagus.     In  the  other  ca-se,  the  epiglottis  was 
entirely  removed  by  a  wound  and  was  preserved  and  presented  to  the  surgeon.     In 
this  instance,  the  ditficulty  in  the  deglutition  of  liquids  was  even  greater  than  in  the 
former;  each  etfort  at  swallowing  being  followed  by  convulsive  and  suffocating  couglu 
This  ditticulty  persisted  after  the  parts  bad  become  completely  cicatrized*     In  these  cases, 
it  is  possible  that  the  injury  to  muscles  and  other  [larts  from  such  severe  wounds  might 
interfere  with  the  movements  of  the  larynx  or  the  closure  of  the  glottis  and  thus  disturb 
deglutition.     In  a  case  in  which  the  epiglottis  had  entirely  sloughed  away  as  a  conse* 
qaence  of  syphilitic  disease,  observed  by  Dr.  Austin  Flint,  the  ditficulty  in  swallowing  J 
liquids^  although  sulSciently  well  marked,  was  by  no  means  so  great  as  in  the  cases  mcn-j 
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tlnoed  ab'VT^,     Tba  dif6ciiltv  in  swallowing  was  noted  as  not  great,  but  tlie  patient  swiil- 
tow«d  '  -Hy  Umn  solUls.     Tlie  difficulty  coasieted  of  cough  and  loss  of  brcatli, 

as  IbD  1  '  d  it*     It  was  less  when  articleis  were  swallowed  while  tlio  palieiit 

was  In  bvnt  posture,  and  food  and  drink  were  habitually  taken  in  that  position. 

At  Utc  :. -.  -  .-1  this  patient,  a  l'cinttle»  was  in  the  Ikllovne  Ilospital  under  the  observa- 
L  ill  Dr.  Flint,  the  doglatition  wa»  improving.     Dr.  Flint  noted  that,  after  she  had  been 
'  ^  :  few  daj^  on  causing  her  to  swallow  in  his  presence,  tlie  act  of  deghitl- 
lod  with  a  certain  deliberation  but  without  difficulty.     An  examination 
ihc  laryuiL'Oseope  was  made  by  Dr.  Church,  in  the  presence  of  Dr.  Flint 
**  The  absence  of  the  epiglottis  was  deteruiined  by  sight.    The  vocal 
dkiinetly  seen.     Tbv  little  excrescences  described  as  apparent  to  the  touch 


lsltbo^ 

tjotn  IT 
of 

rli 


LWiiUl^ 


dkirl 


In  the  cAsc  jnst  described,  there  was  not  a  constant  and  considerable  didculty  in 
dt^oliUoa ;  but  it  b  stated  that  difficulty  had  existed,  undoubtedly  from  the  passage  of 
■rtidM  into  the  larynx,  and  when  no  such  accident  took  place  the  act  was  performed 
vi^  A  **  eertain  deliberation."  It  U  a  curious  fact,  also,  that,  when  the  difficulty  in  swal- 
lovin^  WIS  considerable,  deglutition  was  accomprished  nio^t  eui^ily  in  the  recumbent 
,  m  which  the  tendency  of  particles  of  food  to  pass  into  the  larynx  must  have  been 
I  l«»i»ned. 

with  attention  on  the  [»art  of  the  ^abject,  the  larynx  may  frequently,  and  pcr- 
i  gtDorally,  be  protected  from  the  entrance  of  foreign  substances  during  deglutition, 
'  loos  of  the  epiglottis  when  other  parts  are  not  affected,  a  studj  of  the  numerous 
I  of  this  lesion  as  the  result  of  disease  or  injury  shows  that  tlie  epiglottis  is  by  no 
mtam  so  inefficient  in  the  prote*.^tion  of  the  larynx  as  was  siipijosed  by  Magendie.  Still, 
lib  but  one  of  the  means  which  have  been  provided  for  this  end, 

Since  the  air-passnges  have  been  so  fully  explored  by  means  of  the  laryngoscope,  this 
»t  htu  been  Ui^ed  to  a  certain  extent  in  the  study  of  the  phenomena  of  degluti- 
fn  July,  IS'li^  a  note  was  presented  to  the  French  Academy  of  Sciences,  giving 
t^e  resttlU  uf  ext>eriments  by  Dr.  Krishaber  on  the  mechanism  of  deglutition  as  studied 
iwtA»bryTjgoscopy,  followed  by  a  note  on  the  same  subject  by  M.  II,  Guinior,     Dr. 
ilicr^  ttA  the  result  of  his  obi^ervatioDi^  gave  the  following  conclusions: 

In  the  act  of  deglutirlon  the  alimentary  bolus  passes  in  one  of  tlie  pharyngeal 
orer  one  of  the  sides  of  the  epiglottis  tilted  by  the  elevation  of  the  lorynx  ;  the 
it  i^ophagus  at  the  moment  when,  by  the  contraction  of  the  ooa- 

ifc^iur  ijjc  is  tih«»rtened  and  brought  in  front  of  tlje  ma&St 

••Sd*  1 1  H>n  of  liquids  is  efTectcd  in  the  same  manner;  these  passing,  how- 

•Tfir,  qaite  li_^ ^  ^  ^ip^^  the  epiglottis  ilscif,  which  happens  very  rarely  with  solid  idi- 

iDtofa. 

A  quantity — extremely  small,  it  is  true — of  liquid  cniijages  itself  during  normal 
around  the  border  of  the  epiglottis  and  moistens  the  mucous  membrane  of 
"  nf  the  vocal  chords. 

/;  the  larynx  being  widely  opened,  a  lai-ger  quantity  finds  its  way 
Miul  organ. 

An  alimentary  bolus  may  be  easily  tolerated  in  the  respiratory  passages;  that 
•  U\  *ayt  In  the  larynx,  aa  far  as  the  vocal  chords  and  even  in  the  interior  of  the  trachea. 
"Clb.  The  fonaihility  of  the  trachea  to  the  impression  of  foreign  bodies  is  infinitely 
]m§  thin  that  of  the  larynx. 

**Tth*  Hard  and  cold  bodies,  a^  for  example,  a  sound,  are  not  tolerated  in  the  respir- 
tinrf  passages;  wltile  any  soft  b()dy,  which  c*iu  adhere  to  the  mucous  membrane  and 
fcii  t  teraperatnre  like  that  of  the  parts  touched,  is  easily  tolerated  in  the  respiratory 
f«M«gc«  ami  Icept  in  the  trachea  many  minutes  without  producing  the  sliglitest  cough." 

ThcBM  ohnervations  confirm  the  views  of  Longet  and  others  concerning  the  passage  of 
alimcntnrv  iuL^tnnrf^  ilntvu  the  pharynx  by  the  sides  of  the  epiglottis;  and,  in  that  case, 
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liquids  wouM  almost  certainly  pass  around  Ujc  borders  m  qunittity  euffieient  to  moisteaj 
the  mucous  memLrane  bek»w%     It  must  be  reraembered,  howeviT,  ibat  the  scnsibilitT  off 
the  air^passagt-B  ia  very  unequal  in  *difterent  persons,  and  lliat  it  may  bo  coiisi<!erHb)j 
modiBed  by  educutioD  of  the  parts.     This  should  make  ub  hesitate  to  accept  tins  viev 
that,  in  gargling,  the  larynx  receives  a  quantity  of  liquid,  and  that  an  alimentary  bolu 
may  be  tolerated  in  the  iracboa  for  many  minutes  without  coughing. 

To  sum  up  the  tnechamsm  by  wbicli  the  opening  of  the  larynx  is  protected  during  th^ 
deglutition  of  solids  and  liquids,  wo  have  only  to  carefully  follow  the  articles  a*  they  pnn 
over  the  inclined  plane  formed  by  the  hack  of  the  tongue  and  the  anterior  and  interior 
part  of  the  pharynx.     As  the  food  is  making  this  passage  in  obedience  to  the  contraction 
of  the  muscles  which  carry  the  tongue  backward,  draw  up  the  larynx,  and  constrict  the 
pharynx,  the  eoft  ba8«  of  the  tongue  and  the  upper  part  of  the  larynx  are  applied  to  cacli , 
other,  with  the  epiglottis,  which  is  now  inclined  backward,  between  them;  at  the  Baiii#| 
time  the  glottis  is  closed,  in  part  by  the  action  of  the  constrictor  muscles  attached  to  th«rl 
sides  of  the  thyroid  cartilages,  and  in  part  by  the  action  of  its  intrinsic  muscle.**.     If  ihoj 
food  be  tolerably  consistent  and  united  into  a  single  bolus,  it  slips  easily  from  the  back] 
of  the  tongue  along  the  membrane  covering  the  anterior  and  inferior  part  of  the  phar"! 
ynx  ;  but  if  it  be  liquid  or  of  little  consistence,  a  portion  takes  this  course,  while  another  1 
portion  passes  over  the  epiglottis,  being  directed  by  it  into  the  two  grooves  or  gtJttcrs  by 
the  side  of  the  larynx.    It  is  by  these  means,  togellier  with  those  by  which  the  posterior 
Dares  are  protected,  that  all  solids  and  liquids  are  piij^j^ed  into  the  a*sophaguji,  and  the 
second  period  of  deglutition  is  safely  accomplished. 


The  third  period  of  deglutition  is  the  most  simple  of  all.    It  involves  merely  contrac- 
tions of  the  muscular  walls  of  the  a^srqihagus,  by  which  the  food  is  forced  into  the  stom- 
ach.    The  longitudinal  fibres  shorten  the  tube  and  slip  the  mucous  membrane^  lubricatei] 
by  its  glairy  secretion,  above  the  bolus;    while  the  circular  fibres,  by  a  progressive  peri-^ 
stakic  contraction  from  above  downward,  propel  the  food  into  the  stomach.     The  pas 
»age  of  food  down  the  cesopbagns  was  for  the  first  time  closely  studied  by  MagendleJ 
who  noted^  in  this  connection,  many  curioua  and  important  facts.     In  numerous  experi- 
menta  on  the  lower  animals,  he  observed  that,  while  the  peristaltic  contractions  of  the 
upper  twt>-thirds  of  the  tube  were  immediately  followed  by  a  relaxation,  wliich  ct»ntin* 
ued  till  the  next  act  of  deglutition,  the  lower  third  remained  contracted  generally  fof 
about  thirty  seconds  after  the  passage  of  the  food  into  the  stomach.    During  its  contrne- 
tion,  this  part  of  the  cesophagus  was  hard,  like  a  cord  firmly  stretched.     This  was  fol- 
lowed by  relaxation;  and  this  alternate  contraction  and  relaxation  continued  constanlly,J 
even  when  the  stomach  was  empty,  although,  during  digestion,  the  contractions  w^ere  fVc 
qnent  in  proportion  to  the  quantity  of  food  in  the  stomach.     The  contraction  was  always 
increased  by  pressing  the  stoninch  and  attempting  to  pass  some  of  its  contents  into  thoil 
esophagus.     This  provision  is  undoubtedly  imiiortant  in  [ire venting  regurgitation  of  tha 
contents  of  the  stomach,  especially  when  the  organ  is  exposed  to  pressure,  as  in  urina- 
tion or  defajcation.     TTe  have  already  noted  the  action  of  the  crura  of  the  diaidiragmjl 
whieh  has  a  tendency  to  close  the  oesophageal  opening  during  inspiration. 

The  length  of  time  occupied  in  the  third  period  of  deglutition  was  noted  by  Magendia 
in  the  inferior  animals,  but  we  have  been  unable  to  find  any  definite  observations  on  this 
point  in  the  human  subject,  although  tliis  would  have  been  easy  in  the  cases  of  gastric 
fistula  whicfi,  from  time  to  time,  have  come  under  the  observation  of  physiologi<?tg.     Ma- 
gendie  found  that  the  alimentary  bolus  sometimes  occupied  two  or  three  minutes  in  ItsI 
passage,  and  that  it  was  often  momentarily  arrested  in  its  course.     It  frequently  seems  as  I 
though  wo  were  ourselves  conscious  of  a  very  slow  tjassage  of  food  down  the  npsophagu?^  j 
and  not  infrequently  a  piece  of  bread  or  a  mouthful  of  liquid  is  taken  to  hapten  it;  but 
it  is  not  probable  tliat  ©very  alimentary  bolus  remains  for  two  or  three  minutes  in  the 
cesophagos,  and  liquids  undoubtedly  are  swallowed  with  considerable  rapidity,  as  they 
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cm  waD  be  reoo|mized  m  the  Btoinach  by  their  tetoperaturo.  As  the  lower  piirt  of  the 
ftfiopliAguii  b  composed  chietJy  of  imstriped  muscular  fibres,  it  is  probable  that  her©  the 
eootmctlQBs  are  wore  gradual  thao  in  the  upper  portiotia. 

Am  we  ii*  ly  had  occasion  to  refnark%  the  muscular  tuovcinentju  which  tuke  place 

doriot^  all  ill  >rdcglntitioD  are  peculiar.    The  tirst  act.  is  geoerally  involuntary  from 

Inalt^fitloOi  butU  19  im<ler  the  control  of  the  \ril].  The  secoud  act  is  involuntary,  when 
once  eooifiieoeed,  hot  muy  be  excited  by  the  voluntary  pu^^age  of  solids  or  ll(|uldti  beyond 
di«  velum  petiditlum  palulL  It  is  impossihle  to  pertbnn  the  second  act  of  deglutition  un- 
km  Ibore  be  «otDe  article,  either  solid  or  li^iuid,  in.  the  pharynx.  It  is  easy  to  make  three 
or  fdur  soee^ssful  efforts  consecutively,  in  which  there  is  elevation  of  the  larynx  with  all 
tfc  liaraoterbtic  movenjents ;  hut  a  little  attention  wiU  show  that  with  each  act 

i^  iitity  of  saliva  is  swallowed.     When  tho  efforts  have  been  fretjuently  repeat- 

•d,  Uie  itKjvements  becotne  impossible,  until  time  tuough  hae  elapsed  hutwecn  them  for 
iIm  «dira  to  collect.  This  fact  we  persoually  verified  before  writing  thiu  paragraph, 
md  ft  was  demonstrated  to  be  duo  to  the  absence  of  liquid ;  for,  immediately  after,  an 
p©  of  water  waa  swallowed  without  diiiicully  by  sixteen  successive  movements  of 
totilioii.     This  experiment  also  shows  the  small  quantity  of  liquid  (only  half  a  druchm) 

to  excite  the  contraction  of  the  muscles  concerned  in  the  second  act. 
AH  tJie  movements  of  dei^lutition,  except  those  of  the  first  period^  must  be  regarded  aa 
MKQti  ,  depending  upon  an  impression  made  upon  the  afferent  nerves  distrib- 

lied  U'  us  membrane  of  the  pharynx  and  ceso[}lia^us. 

The  t»o*ition  uf  the  body  has  little  to  do  with  the  facility  with  which  deglutition  is 
fff^rtcd.  Liquids  or  solids  mriy  be  swallowed  indifferently  in  all  postures.  B6rard  tstates 
^^  ajw^l^ri  1*1  *ds  presence,  passed  an  entire  bottle  of  wine  from  the  month  to  the 
while  standing  on  his  head.  The  J^amc  feat  we  have  lately  seen  accomplished 
apparent  ease»  by  a  juj^^glcr  who  drank  three  glasses  of  beer  while  sfanding  on  his 
is  the  inverted  posture, 

Ih;  ''  Air. — In  the  celebrated  e^ay  of  Magcndie  on  the  mechanism  of  rom- 

11  fhat  as  soim  as  nansea  commenced  the  stomach  bej^an  to  till  witli  air,  so 

^^t^  beft»r©  vomiting  occurred,  the  organ  became  tripled  in  size,    Magendie  showed,  far- 
tib^miore,  lliiLt  the  air  entered  the  stomach  by  tbe  oesophagus,  for  the  distention  occurred 
%lie«  the  pylonis  was  ligated,     in  a  subsequent  memoir,  the  question  of  the  deglutition 
*^  aif,  aaidt?  from  the  small  quantity  which  is  incorporated  with  tl»e  food  during  mastica- 
tion sod  insAJivation,  was  farther  investigated.     It  was  found  that  some  persons  liad  the 
^  Ikalty  of  •wallowing  air,  and,  by  practice,  Majrcndie  himself  was  able  to  acquire  it, 
Alnmfh  it  occasioned  &uch  disti*es8  that  it  was  discontinued.     Out  of  a  hundred  students 
'ictnc,  eight  or  ten  were  found  able  to  swallow  air. 
r.^t  verj-  oncommon  to  find  persons  who  have  gradnally  acquired  tliis  habit  in 
u*ve  nncomfortable  aensationa  in  the  stomach;  and,  when  confirmed,  it  occa- 
^nt  disorder  m  the  process  of  digestion.     Quite  a  number  of  cases  of  this 
orted  by  Magendie,  and  in  several  It  wa&  carried  to  such  an  extent  as  to  pro- 
'*{  the  abdomen.     A  curious  case  of  habitual  air- swallowing  is  re- 
Flint,  in  his  work  on  the  Practice  of  Medicine, 
ct  of  air*<iwallowing  properly  belongs  to  pathology,  the  fact  that 
ition  are  capa1>le,  in  sotue  individuals^  of  forcing  air  into  the  stom- 
■i^  ii  Doi  vitbout  physiological  tnterei<t. 
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CHAPTER    VIII. 

STOMACH-DIOmnON, 

Physiological  anatomy  of  the  stomach— Peritoneal  coat— Muacolar  coat— Mqcoob  coat— Okuidnlar  appantoB  !■  the 
stomach— Gastric,  or  peptic  glands— Mocoos  glanda— Closed  follicles— Gastric  Jnioe— Mode  of  obtaining  tha  gas- 
tric juice— Gastric  flstala  in  the  human  subject  in  the  case  of  St  Martin— Secretion  of  the  gastric  juloe—Compoat- 
tion  of  the  gastric  jnioe— Source  of  the  acidity  of  the  gastric  juice— Ordinary  saline  consUtaents  of  the  gastric  Jalee 
—Action  of  the  gastric  juice  In  digestion— Ck>nstituents  upon  which  tho  actiiity  of  the  gastric  Joloe  depend*— Ac- 
tion of  the  gastric  juice  upon  meats— Action  upon  albumen,  fibrin,  caseine,  and  gelatine— Action  apon  regetabla 
nitrogenized  principles— Albuminose,  or  peptones— Action  of  tho  gastric  Juice  upon  Ikts— Action  upon  sacchariae 
and  amylaceous  principles— Duration  of  stomach-digestion— Digestibility  of  different  aliments  in  the  stomach- 
Circumstances  which  influence  stomach-digestion— Character  of  the  contractions  of  the  muscolar  coat  of  the 
stomach— Movements  in  the  cardiac  and  in  the  pyloric  portion— Mechanism  of  the  movements  of  tho  stomadi— 
Rumination,  and  regurgitation  from  the  stomach- Rumination  in  the  human  sntject— Emctation. 

Physiological  Anatomy  of  the  Stomach. 

The  most  dilated  portion  of  the  alimentary  canal,  in  man,  is  the  stomach.  It  serres 
the  double  purpose  of  a  receptacle  for  the  food  and  an  organ  in  which  certain  important 
digestive  processes  take  place.  It  is  situated  in  the  upper  part  of  the  abdominal  cavitjr 
and  is  held  in  place  by  folds  of  the  peritoneum  and  by  the  oesophagus.  Its  form  is  not 
easily  described.  It  has  been  compared  to  a  bagpipe,  which  it  resembles  somewhat, 
when  moderately  distended.  As  we  should  naturally  suppose  from  the  fact  that  the 
stomach  periodically  receives  considerable  quantities  of  solids  and  liquids,  its  form  and 
position  are  subject  to  great  variatious.  When  empty,  it  is  flattened,  and  in  many  parts 
its  opposite  walls  are  in  contact.  When  moderately  distended,  its  length  is  from  thirteen 
to  fifteen  inches,  its  widest  diameter,  about  five  inches,  and  its  capacity,  one  hundred  and 
seventy-five  cubic  inches,  or  about  five  pints.  The  parts  usually  noted  in  anatomical  de- 
scriptions are :  a  greater  and  a  lesser  curvature ;  a  greater  and  a  lesser  pouch ;  a  cardiac, 
or  (Esophageal  opening ;  and  a  pyloric  opening,  which  leads  to  the  intestinal  canal.  The 
great  pouch  is  sometnnes  called  the  fundus. 

The  coats  of  the  stomach  are  three  in  number ;  the  peritoneal,  muscular,  and  mucous. 
By  some,  tlie  fibrous  tissue  which  unites  the  mucous  to  the  muscular  coat  is  regarded  as 
a  distinct  covering  and  is  called  the  fibrous  coat. 

Peritoneal  Coat, — This  is  simply  a  process  of  the  peritoneum,  similar  in  structure  to 
the  membrane  which  covers  the  other  abdominal  viscera.  It  is  a  reflection  of  the  mem- 
brane which  lines  the  general  abdominal  cavity,  which,  on  the  viscera,  is  somewhat  thin- 
ner than  it  is  on  the  walls  of  the  cavity.  Over  the  stomach,  the  peritoneum  is  from  yj^ 
to  ^7  of  an  inch  in  thickness.  It  belongs  to  the  class  of  serous  membranes  and  con- 
sists of  fibres  of  the  white  inelastic  tissue,  mingled  with  a  considerable  number  of  elastic 
fibres.  It  is  closely  adherent  to  the  subjacent  muscular  coat  and  is  not  very  abundantly 
supplied  with  blood-vessels  and  nerves.  Lymphatics  have  been  demonstrated  only  in  the 
subserous  structure.  The  surface  of  the  peritoneum  is  everywhere  covered  with  regu- 
larly-polygonal, flattened  cells  of  pavement  or  tessellated  epithelium,  closely  adherent  to 
each  other  and  presenting  a  perfectly  smooth  surface  which  is  continually  moistened 
with  a  small  quantity  of  watery  secretion.  An  important  function  of  this  membrane  is 
to  present  a  smooth  surface  covering  the  abdominal  parietes  and  viscera,  so  as  to  allow 
of  free  movements  of  the  organs  over  each  other  and  against  the  walls  of  the  abdomen. 

Muscular  Coat, — Throughout  the  whole  of  the  alimentary  canal,  from  the  cardiac 
opening  of  the  stomach  to  the  anus,  the  muscular  fibres  forming  the  middle  coat  are  of 
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jbt  iBToliitilarj,  pole,  or  tuifitriped  rarietj.  These  fibres^  called  sometiroea  muscular 
y  §n  ¥erj  pale,  with  faint  outline^  fhsiform  or  ^piiidle-shaped,  aud  contain  t^acb 
I'tKsl,  kdigitiidiiiiLl  nuckusk.  They  are  verj  closely  adherent  by  their  sides,  and  are  so 
imiige4  as  to  dovetail  into  each  other,  forming  aheeta  of  greater  or  less  thickness, 
49p^»5mg  aptiD  the  naniber  of  their  layers.  The  inusculur  coat  of  the  stomach  varies  in 
lydEliCM  la  different  animals.  In  the  human  subject^  it  is  thickest  in  the  region  of  the 
fijrlonii  mnd  i&  thinnest  at  the  fuadns.  Its  averape  thickness  is  about  /^  of  an  inch.  In 
t^  fi/kiru^  it  13  from  -f^  to  |^  of  an  inch  thick,  and  in  the  fundus^  from  ^^  to  ^^  of  an  ineh» 
Tbe  nmacubLr  fibres  exist  in  the  ntoniach  in  two  principal  layers;  iin  extvrnah  iougi- 
f^t^il  Isjtr  and  an  internali  circular  hiyer,  with  n  third  layer  of  r^blique  tibres  extemllug 
•wr  Uie  great  pouch  only,  which  is  iuternal  to  the  circular  layer.  The  direction  of  the 
§llgt»  tA  these  layers  can  generally  be  seen  in  a  stomach  which  has  been  dried  and  indated. 
Tbt  |f«^tudinal  fibres  are  continued  from  the  o&sophagus  and  are  mo^t  marked  over  the 
kaaer  ctirratore.  They  are  not  continued  very  distinctly  over  the  rest  of  the  stomach. 
Ifca  drcuhii' And  oblique  fibres  are  best  seen  when  the  organ  has  been  everted  and  the 
ttv  T-efu!ly  removed.     The  circuhir  layer  is  not  very  distinct  to  the  left 

caril'  j^%  over  the  great  pouch,  but  in  other  part^  it  is  ttderably  regular, 

Toward  Uie  pyiuru^  the  fibres  become  more  numerous,  and,  at  the  opening  into  the 
teMieniiRit  they  form  a  i»owerful  muscular  ring,  which  is  sometimes  called  the  8|>hincter 
ti  the  pylorus,  or  Uj©  pyloric  muscle.  At  this  point  they  project  consiiderably  into  the 
iMtrior  of  the  organ  and  cea^e  abruptly  at  Uje  opening  into  the  duodenum,  so  ad  to  form 
Aioct«if  vmlve^  presentmg,  when  contracted,  aflat  surface  look  in  j^  toward  the  intestine. 
IWiililiqQe  layer  lakes  the  place,  in  great  part,  of  the  circular  fibres  over  the  great 
ipoeli.  Il  <fxtends  obliquely  over  the  fundus  from  left  to  right  and  ceases  at  a  distinct 
\  •xtfsidlng  from  the  left  margin  of  the  cesophagUii  to  about  the  junction  of  tlie  middle 
tlie  kst  third  of  the  great  curvature.  This  anatomical  fact  is  TDterestiug^  for  it 
1i  at  about  the  point  where  the  oblique  layer  of  fibres  ceases  that  the  stomach  becomes 
Medncicd  during  the  rooveraents  which  are  incident  to  digestion,  dividing  the  organ  into 
t«r<i  tolfmblj  distinct  compartments. 


•  fWJr 


Jtta,  &I. — LonQitutlinal _flbrt$  of  the  tforwieA.    (3«pp«y.) 
rratttf*:  ll|»ttt*rcitfT»ttiw;  M,^^u?r|H>uih;  4.  l«<(i«^r  pouch ^  5,  <!, 6, 1aw«r end  of  tli« oaophag'iu :  7.T. 
» :  1  %h  tamfUiidliiftt  Obnt  mt  xhm  kaor  currature ;  %  nbrc»  cztciMllQg  otgt  th«  sreater  curr«tnro ;  MK  UK 
Um  Ii5^fr  of  kBi9lt«i41mi  atit**  9f«r  tb«  anterior  siti4k<w  of  iho  «(om«cti;  II,  drcalar  flbrM  seen  tbrouf  h 
a  i^<>  of  IwigihKlliwI  Btw»- 


,  I ;  2,  tdnmlfir  flhreft  mt  the  ap«(>phair«i1  ojieDiiig ;  S.  8,  clrcuLir  flbrea  at  the  IcMer  ciirvslun? :  4^  4,  clreo^ ' 
ijKt  the  pyIoru»;  ft,  A  fy^^  obUquo  fibres ;  s»,  VK  fihre?  of  tiib  byer  covering  th*  prcau?r  pouch ;  U,  ]wr*  ] 


tSOD  of  tlie  stocufteli  from  wbtoh  th^e  flbrea  bav«  b««it  removed  to  ebow  ibc  mibjAceot  drcuLu-  fibrc«. 

Mtttous  Coat — Passinjr  from  the  cpsophagtiB  to  the  stomach,  a  very  marked  ehuiigo  1 
takes  place  in  the  eharacter  of  the  miieoua  memhrane.  The  white,  hard  appearance  of  ' 
the  ceaophageal  rming,  due  to  its  covering  of  pavenient-epitheliam,  abruptly  ceosesv  pro- 1 
sentiug  a  sharply -deli  tied,  deotated  border ;  and  the  membrane  of  the  stomach  Is  soft^ 

velvety  in  appearance,  and  of  a  rcddij*h'gTay  ) 
color.  In  Bouie  of  the  ioferior  tiutrnjUa,  a»  the  ' 
horse,  the  characteristic  membrane  of  the  a*BOidi- 
a^s  is  prolonged  into  the  stomuch  and  fiinua 
a  laJ'ge,  white  zone  aronnd  the  cardiac  oiK»uijag, 
with  ubruiitly-defined  edge*,  eontrastiog  stroDg- 
y  wirh  the  rest  of  tlie  lining  mem hrane  of  the 
-lonmch. 

The  mucous  Itning  of  the  stomach  is  looselj 
atiiched  to  the  eubmucoas  muscular  tia&ue  and 
is  thrown  into  large,  loDgitndinal  folds,  which 
become  effaced  as  the  organ  is  distended.  When 
the  mascular  coat  of  the  stomach  la  in  a  condi- 
tion of  cadaveric  rigidity*  the  longitudinal  fold- 
ing of  the  mncons  membrane  h  very  marked. 

^•i:^'«a  2?^:rTWX-lJ.«"'   ^^  '^^  '»'"^''"*  mc...l.r«no  U  stretched  or  if  tl.* 
ni^  ao  diuiH^Utt^.   (^«pi>oy,)  stomach   be    everted    and    distended,    and    the 

^'^i^^wJgUL'I^'^'^'"*"**^^^'^"^"*   «i^«^^^  ^^'^^  aJ^».^»  «-^««t^  i°  ^''^^ater  or  le&s 

abundance  over  the  surface^  be  gently  removed 
under  a  stream  of  water,  tlic  membrane  will  he  found  marked  with  innumerable  po- 
IjgomJ  pita  or  depressions,  enclosed  by  ridges,  whieli,  in  some  parts  of  the  organ,  are 
quite  regular.     Those  are  best  seen  with  the  aid  of  a  simple  lens,  as  many  of  them  are 
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qiute  tfiaall.  Th«  slxe  of  the  pits  is  very  variable,  bnt  the  average  is  about  y^  of  an 
indi.  This  appearance  is  not  dbtinct  toward  the  pylorus;  the  membraDe  here  preufnt- 
in»  irregTilttti  conical  projVctione  and  well-marked  villi  resembling  those  found  in  the 
Buttill  ir)t4«Mtit)^.  The  surface  of  the  mucous  meiubrane  is  covered  with  t'olumnar  or  pris* 
ni  le  colls  bemg  tulerablj  regular  in  shape,  each  with  a  clear  nucteua 

%i-  :  -    'Ins, 

The  tbickness  of  the  inticoua  nienibraDe  of  the  stomach  varies  in  dilfereut  parts*  It 
b  asnallj  thimiesl  near  llie  oesophagus  and  tbickest  Dear  the  pjlorus.  Ita  tiiitiDest  portion 
rocwure*  ftom  ^  to  il'i  of  an  inch ;  its  thickest  portion,  from  ^  to  ^g  of  an  inch ;  and 
th»  intemiediate  portion,  about  ^^^  of  an  inch* 


Qhmduiar  Apparatiu  of  the  *sY<?rrt^/i,— Extending  from  the  bottoms  of  the  pit^  in  the 

nuocKis  mi^ubraae  uf  the  titoiuHch  to  tbe  submucous  connective  tissue,  are  immense  num- 

ben  of  rmceniose  glands.    These  are  generally  arranged  in  tolerably  distinct  groups,  sur- 

rmmiiod  hf  fibrous  tisso©»  each  group  bekmging  to  one  of  the  polygonal  depressions. 

Ill*  titfioo  which  connects  tbe  tubes  is  dense  but  not  abundant.     There  are  marked  dif* 

fvreoces  in  tlie  unattimy  of  the  glitids  of  the  stomach  in  different  parts  of  the  organ, 

fthlfh  «f»?  piirtirulnrly  interesting,  as  they  are  stipposed  to  correspond  with  differences  in 

'\  ijf  various  parts  of  tbe  mucous  ineuilirane.     There  are,  indeed,  two  distinct 

glantU;  the  gastric  glands,  found  tliroughout  tbe  organ,  except  in  tbe  pyiario 

,,  and  the  mucous  glands  found  chietly  in  the  pyloric  portiun,  with  a  tew  scattered 

I  iHy  through  the  other  portions  of  tbe  mucous  membrane.     These  demand  special 

ration,  as  the  fonner  are  supposed  to  secrete  the  gastric  juice  and  are  active  only 

'      stiMH,  while  the  hitter  secrete  a  glairy  mucus,  which  is  not  produced  specially 

^tion  and  which  baa  no  distinct  digestive  function  with  which  we  are  ac- 

d, 

^tric^  or  Peptk  GUnd». — TLese  glands  are  found  throughout  the  entire  extent  of 

1COU5  membrane  of  the  stomach,  except  around  the  pyloric  orifice  and  in  the  lesser 

lu  the  human  subject,  their  distribution,  as  compared  with  that  «.d'  the  mucous 

U  ranch  wider  than  in  most  of  tbe  inferior  animals.     They  vary  in  their  length 

Ihe  variations  in  the  thickness  of  the  mucous  membrane.     Recent  researches  bave 

that  all  of  these  glands  are  racemose.    Thoy  present,  in  tbe  upper  fourth  m  fitlfb  of 

_    I,  a  single  tuiie,  lined  by  a  continuation  of  the  columnar  cfuthelium  covering  tbe 

it  the  mucous  membrane.     Below  tliis,  they  divide  into  several  branches,  [iri- 

7  iind  secondary,  and  are  lined  with  rounded  cells  of  glandular  epitbelium,  liaving  the 

«{fp«9niQc(5  of  simple  racemose  glands.     Tl»©  cells  lining  the  branching  tubes  are  some- 

adled  peptic  cells.     They  each  bave  a  nucleus  and  a  nucleolus,  contain  numerous 

te<,  and  arc  about  tjW  of  an  inch  in  diameter.     This  is  the  general  character  of  the 

in  the  greater  part  of  that  portion  of  the  mucous  membrane  which  secretes  the 

Joiee.     They  re,idlly  undergo  post-mortem  alteration,  and,  in  tbe  human  ^subject, 

m  only  to  hd  seen  satisfactorily  in  the  frcRh  stomachs  of  tiubjects  who  have  died  sud- 

"^caly*  ttftving  previously  been  in  a  condition  of  perfect  health, 

JTiuxHif  Gl^tnds, — Near  the  pyloric  extremity  of  the  stomach  and  in  the  lesser  ponch, 
vhffi!  the  raucous  membrane  is  decidedly  paler  than  over  the  rest  of  tbe  organ,  the 
dbmeter  of  the  glands  is  peculiar.  As  a  rule,  tbe  glands  in  tbese  situnlions  are  com- 
:  bot  they  do  not  present  more  than  two  or  three  divisions  until  they  have  passed 
Hi  about  one-half  of  tbe  thickness  of  the  mucous  membrane,  when  they  break  up 
I'ltnorouH  f*mall  secondary  tubes.  Tbe  important  peculiarity  of  these  glands  is 
"lifd  throughout  with  columnar  epithelium  and  are  everywhere  deprived 
I  in  the  true  peptic  glands.  The  structure  of  tbe  glands  from  different 
tomarh  h  shown  in  Fig.  5T, 

/<«.— In  tlje  substance  t*f  the  mucous  membrane,  between  tbe  tubes  and 
ihoir  ci^aI  ext^emitie^  are  occasionally  found  closed  follicles,  like  the  solitary  glanda 
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and  patdies  of  Pejer  of  the  intestines.  These  aro  not  alwajs  present  in  the  adult,  biil| 
MB  genenilly  found  in  cLLIdren.  They  arc  usually  most  abundant  over  the  greater  cun  a^' 
ture,  though  they  may  be  found  in  other  situations.  In  their  anatomy  they  are  identicall 
with  the  closed  tuUicles  of  the  intestinea  and  do  not  demand  special  consideration  in  thiij 
connection* 


Fia.  SiX.^ Peptic  and  muantg  fftand*;  moffmi/tett  m)  ditiitn>l4t-it,    (Sri^jk^.) 
~  'n  Tbc  middle  pnrtfon  of  the  »t<yi3afl«li :  1.  txcnUrry  tmnal ;  2,  ^  i£,  Ibo  thrc«  prlodpal  bmifJMt  Of  j 
>e<^nilim'  brtinchi'S  fWlotl  with  n>iin<1«I  cell*. 
M  tb«i  pylorir  portion :   1,  exerotory  cannl;  %  2,  tli«  two  prlndptl  branclies;  8«  8,  L<niiliial  t 


A.  Peptt^'  ' 

B.  P*pti 

C.  If 00(1119  f^lasd  tWtni  the  pflorfQ  poftlon :  I^  excFetofy  eauJ;  1>,  %  Hie  two  bcnocliM;  ^  8t  8)  9|S,  atwaiUrf  bnoelM*; 

4, 4, 4,  euiiillf  k-rminiil,  raecmgito  glandft. 


Gastric  Juice, 

At  the  present  day  it  seems  profitless  to  argue  the  question  of  the  existence  of  i 
digestive  Hnid  in  the  stomaeh ;  and  tlie  discussions  of  the  earlier  physiolt agists  as  reg 
the  possiliility  of  the  existence  of  a  fluid  capable  of  dissolving  the  articles  of  food  haro  J 
only  an  historical  interest.  Our  definite  knowledge  of  the  nio.^t  important  phyaiologiral  j 
properties  of  this  tliiid  dates  from  the  celebrated  ohservations  of  Dr.  Beaumont  on  Aleiis  j 
fit.  Martin,  the  Canadian^  who  had  a  large  fistulous  opening  into  the  stomach.  These  I 
observations  were  commenced  in  May^  1825,  and  were  continued  for  a  number  of  year^j 
The  firit  publication  of  them  was  in  the  Philadelphia  Medical  Heearder^  in  1826. 

Mode  of  obtaining  th€  Qaitrie  t/t/iW,— The  inj^enious  experiments  f>f  Dr.  Beaumont  1 
upon  the  case  of  8t«  Martin  gave  an  impulse  to  the  study  of  digestion  and  pointed  out  j 
the  way  in  whicb  the  action  of  the  gastric  juice  conUl  be  invest igat^Hl.  The  fact  that  Dr,| 
Beaumont  noted  tlic  action  of  human  gastric  juice  upon  alJ  the  ordinary  articles  of  food  i 
tnabled  physiologists  to  com  pure  with  it  the  properties  of  the  secretion  obtained  from  the  j 
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ifkferior  anifoals,  an  indispensable  condition  in  the  study  of  the  digestive  flnids.  In  1643, 
Blumllot  [>u!»lished  a  tr^^ati&e  on  digcstioa,  in  whif'h  he  gave  the  results  of  esperinient^ 
oflilop  with  tistuJous  openin^^s  into  the  »tumucli.  Tliis  observer  is  generulJy  spoken  of 
uthe  first  to  obtain  the  gastric  juice  by  the  establishment  of  a  fistula  into  tbe  stomach 
in  the  inferior  animals ;  but  Lon^^et  states  that,  in  December,  1842,  Dr.  Baasovv  read  n 
[t^i'ifr  bf'foro  the  Imptrial  Society  of  Naturalists  qf  M^scmt^  which  waa  [>abli»lied  in  the 
Bulletin  for  that  year,  in  which  he  ^ave  an  account  of  a  naroher  of  succesafn!  ntternpta 
To  **t»Mish  jjastric  fistuhe  in  dogs.  In  tlie  animals  operated  upon  by  Bas»<:>w,  the 
nstuU  \ra!*  not  kept  open  by  a  canula,  und  he  was  much  annoyed  by  im  temlency  to 
t\oi^\  There  ia  no  reason  to  suppose  that  Hlondlot  was  aware  of  the  exjieriment^  of 
tSriSsow,  which,  as  Longet  remarks,  were  little  known  to  physiologrists  and,  as  far  as  w© 
ixf  «warc»  were  not  quoted  in  works  on  physiology  before  the  publication  of  Longet^s 
trt^t)^^  in  1861,  With  some  slight  modifications  in  the  operative  procedure,  the  method 
of  Blondlot  13  the  one  now  in  common  use. 

The  establishment  of  a  permanent  gastric  fistula  la  now  one  of  the  simplest  and  most 

mmaion  of  the  physiological  experiments.     The  dog  is  the  animal  generally  uaed;  and, 

fr*«!n  ?h**  ftict  that  he  is  not  very  subject  to  peritonitis,  the  operation  ahnost  always  ends 

:   and  the  animal  can  be  trained  so  that  the  juice  may  be  obtained  in  (jaantity 

reat  facility.     The  operative  procedure  which  we  have  found  most  convenient 

if  the  r<>Uowing ; 

It  b  best  to  choose  a  dog  of  medium  size,  young,  but  nearly^  if  not  entirely  fall  grown, 
10  perfe-ct  health,  and  of  gtMxl  disposition.  Bringing  tlie  animal  under  the  influence  of 
cditfv  ^<  ^^  ^^  ^^  l^^l^  finuly  on  the  back,  and  an  incision^ 
iboQit  two  inches  in  lengtli  \^  made  in  the  median  line  into  the 
Monliial  caritj.  This  incision  should  be  commenced  from 
htf  an  Bicli  to  an  inch  below  the  ensiform  cartilage*  lutro- 
teing  the  finger  into  the  abdominal  cavity^  the  stomach  can 
r^^ditT  be  felt,  especially  if  it  be  moderately  distended ;  and, 
*  pair  of  hooked,  or  bull-dog  forceps^  that  portion  of  the 
wviw.*i:li  Dearest  the  wound  may  he  seized  and  drawn  oat  of 
te  tfsdomeii.  It  is  important  to  make  the  fistula  into  that 
firtiim  of  the  anterior  wall  of  the  ntomacli  wliieh  is  nearest 
lb«  wouti«l,  in  order  to  avoid  disturbance  in  the  position  of  the 
Tiieeni;  and  the  organ  is  in  tiie  most  favorable  position  for 
the  operation  if  it  be  moderately  distended  with  food, 

A  portion  of  the  stomach  being  drawn  out  of  the  abdomen, 
1  dil  in  made  parallel  to  the  longitudinal  fibres,  just  large 
cnott^b  to  admit  the  cantila, 

A  alrer  cannlti,  about  an  inch  and  a  quarter  in  length,  half 

to  inch  m  diameter,  and  provided  with  a  straight  rim  or  flange 

■toieli  eod  about  half  an  inch  in  wirlth,  is  now  introduced  into 

IIm  itooAch  and  firmly  secured  in  |»hice  by  a  ligature  sur- 

rooadlog  it  and  passed  in  and  out  tJirough  the  coats  of  the 

•tonraeh  near  th*«  lips  of  the  wound,  like  the  string  of  a  purse. 

finula  nmy  bo  single  or,  as  suggested  by  fjemard,  double, 

tif  iicrewing  into  the  other  so  that  it  may  be  elongated  to 

the  length  it  has  when  closed.     This  is  somewhat  con- 

'      may  be  introduced  elongated,  and,  when 

«rt«  has  subsided,  it  may  be  shortened  by  a 

i*|»  •**  aa  not  to  project  beyond  tlie  abdominal  w^alls, 

Aitoir  the  cannta  ban  been  tinuly  fi.xed  in  the  stomach,  the 
tafcfl^  with  0Q«  of  its  flanged  ends  projecting,  should  be  drawn  to  the  upper  part  of  the 
;  in  ib0  abdomen,  and  the  wound  closed  by  sutures  passed  through  the  integumiL'nt, 
id  peritoaeum. 


tion  i 

in  luiii...^  :...  .  -.-  /  .  -',  ^-^^1 
or  th*i  ^«y;  i^*  <»xtr«tuit|  of 
tho  tube. 
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B,  ttofljidi;  D,  du(i)Uc>num;  M^  uiu»ek^fr  of  Ibu  itMomen,  til 
^   '  ;  i\  o{KsniiDg  of  the  ftetuU. 


tided: 


The  dog  will  general!/  eat  on  the  s<scond  or  tJitrd  daj  after  tlio  operation ;  and  perito- 
nitis— ai«ide  from  the  iotiamtnatory  action  which  agglutinates  the  stomach  at  the  site  of 
the  optTatiun  to  tlie  walls  of  the  ubdutui^n — rarely  follows*  It  is  best  to  i^ted  the  aatmul 
spartngij  a  ^ort  time  before  operating^  us  there  is  some  difficulty  in  seizing  the  &tom»ch 
when  it  is  entirely  empty. 

Honog  established  a  permanent  dstula  into  the  stomach,  after  tlie  wound  has  cica- 
tmed  around  the  caonltt,  the  unitnal  sutlers  no  inconvenience  end  may  servo  indefi- 
nitely for  experiments  on  the  gaalrio] 
juice.    Many  phyuiologiists  have  been  in] 
the  habit  of  eicitlog  the  How  of  this  I 
rluid  by  the  Int  rod  action  into  the  stcvm-  [ 
ach  of  pieces  of  tendon  or  hard,  iodi-  ' 
gestible  articles,  on  the  ground  thac  tb« 
tiuid  taken  from  the  fistula,  under  these 
circumstfinces,  is  unmixed  with  the  pro- 
ducts of  stomach-digefstion ;  but  it  hai 
been  shown  that  the  quantity  and  cli&r- 
acter  of  tlie  juice  are  intlaenced  by  the 
nature  of  the  stimulus  which  cause*  iti 
secretion,  and  it  is  proj)er,  therefore,  to 
excite  the  action  of  the  stomach  by  ar- 
ticles whicb  are  relished  by  the  animal. 
For  this  purpose,  lean   meat  may  te 
given,  cut  into  pieces  &o  small  that  they 
will    he    swallowed   entire,    and    first 
thrown  into  boiling  water  f^o  that  their  exterior  maj  become  somewhat  hardened.    The 
cork  is  then  removed  from  tlie  tube,   which  is  freed  from  mucus   and  dchrh^  when 

the  gastrie  juice  will  begin  to  How,  sometimes  immediately 
and  sometimes  in  iTom  three  to  five  minutes  after  the  food 
has  been  taken.  It  flows  in  clear  drops  or  in  a  small  stream 
for  about  tiflecn  minutes,  nearly  free  from  the  products  af  i 
digestion.  At  the  end  of  this  time  it  is  generally  accom- 
panietl  with  i^^rumous  mutter,  and  the  experiment  should 
be  concluded  if  it  be  desired  simply  t(»  obtain  Iht^  pore  se- 
cretion. In  fifteen  minutes,  from  two  to  three  ounces  of 
fluid  may  be  obtained  from  a  good-sized  dog,  which,  when 
filtered,  ia  perfectly  clear;  and  this  operation  may  be  re- 
peated three  or  four  times  a  week  without  interfenng  with 
the  <iii!ility  of  the  secretion  or  injuring  the  health  of  tho 
animal. 

Although  instances  of  gastric  fistula  in  the  human  sub- 
ject hud  been  reported  before  the  case  of  St.  Martin  and 
have  been  observed  since  that  time,  the  remarkably  healthy 
condition  of  the  subject  and  the  extended  experiments  of 
so  competent  and  conscientious  an  observer  as  Dr.  Beau- 
mont liave  rendered  this  case  memorable  in  the  history  of 
[iljysiology.  It  is  undoiibt<?dly  the  fact  that  this  is  the  only 
instance  on  record  in  which  pure,  nonnal  gastric  juice  hns 
been  obtained  frum  tlie  human  subject;  and  it  served  a 
most  important  purp*>se  as  the  standard  for  comparison  of 
subsequent  experiments  on  tlie  inferior  animals.  The  de- 
tails of  this  case,  condensed  from  the  monograph  of  Bean- 
mont,  are  briefly  the  following: 
Alexis  St,  MartiD,  a  Canadian  toyageur  in  tbe  service  of  the  American  Fnr  Company, 
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'  ^weo  jenrs  of  ag«^  of  good  constltation  and  perfectly  Uealthy,  was  woiinded  in  tlia 

!»'  by  the  uccidental  disclmrge  of  a  gim  loaded  with  duck-shot.     The  wound  was 

I  ou  tlie  6tb  of  Juiiei  1822,  and  th^^  muzzle  af  tijo  ^'un  was  Dot  more  Ihau  a  yard 

r  froio  the  Imdy,     The  contents  of  the  gim  entered  posteriorly,  rarryiu^,'  away 

'  *  uu'i  muftcles  from  a  space  tlie  nize  of  the  hand,  with  the  anterior  half  of  the 

,  ,»4et^^in^'  the  fifth  rib,  lacerating  the  lower  jiortion  of  the  left  lohe  of  the 

I'^w^  and  perforaliug  the  Btornai'h.     TIri  patient  was  seen  by  Br, 

.  'J  or  thirty  minutes  after  the  ac'idetit,  when  the  above  facta  were 

md  an  op^iiiiiig  into  the  Btojnaoli  was  discovered  lar^e  enough  to  admit  the  fore* 

Exteniitve  sloughing  took  plaee,  and  for  seventeen  days  every  thing  that  waa 

ved  piis<<>d  out  at  tlie  wound,  and  nourishment  was  adminii^tered  by  the  rectum. 

...►Jt^jj  ^jf  1824.  the  wound  had  eioatrized^  and  the  patient  had  perfectly  recovered 

i  ^'Ut,  in  the  process  of  core,  seven  pieces  of  cartilage  had  come  away,  and  three 

ir  !•  «"  '-'   I  —  '►f  the  sixth  rib,  with  ahuut  Imlf  of  the  lower  edge  of  the  fifth  rib,  ha<l  been 

fftmorcd  I. .  A\i  . jperation.     The  perforation  into  tbe  t»tomach  was  irregularly-circular  in 

fmncD^l  ttbout  twiiand  a  half  iricbcg  in  circumference.    This  opening  was  closed  by  a 

fffiiteiiaion  of  tbe  mucous  membrnne  of  the  ^tonmoh  in  the  form  of  a  valve,  which  could 

rmlilj  b<j  depressed  Ity  the  finger  m  ns  to  expoe*j  the  interior  of  the  organ.     TIjis  vidve 

tftrHnallx  prevented  Uie  discharge  of  the  contents  of  the  etomach,  which  had  annoyed 

lb*  potieat  pre?iou8  to  the  winter  of  1823-'24. 


'^i 


l.i^^liktoPter*<if  tl»copcjilnfflnto  iW  ftomacb;  C,  loft  nippte;  P,  chv-M  :  K,  Hmtrlrr*  fr«m  the  vromvl  milde 
ff*r  tbe  reinOT^Ki  of  «  pleas  of  cartiltLgre;  P,  K,  F,  clctttiictiji  of  the  uti^nuul  woufi(L 


from  May,  1<^25  until  August  of  the  same  year,  St,  Martin  was  under  the  observation 
<'f  Or.  Beaumont  and  «iubmitted  to  numerous  exyjcriment.^.  At  tlie  end  of  that  time,  be 
M«mwl  to  Canada  and  was  lost  sight  of  for  four  years,  during  wbich  time  ho  married 
«*J  ^>ecame  the  father  of  two  childrenj  '*  worked  hard  to  support  hrs  family,  and  enjoyed 
»»»l>qft  bi^aUh  and  ^treniitb,"  lie  then  came  again  under  tbe  observation  of  Dr.  Bean- 
^uisuitl  fontinued  in  his  JM?rvice,  dciinjr  the  work  of  a  common  servant,  until  March, 
i'ttl.  Alter  thid  he  was  under  observation  from  time  to  time  until  1836  ;  all  this  time 
•^jflTin^  perfect  beaJtb,  with  good  digestion,  and  having  become  tbe  father  of  several 
•wi  phShlfeiL     Tbe  la*t  published  observations  made  upon  this  case  were  in  1S56. 

Tbe  fblloiring  was  the  method  employed  by  Dr.  Beaumont  in  extracting  the  juice : 
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The  subject  was  placed  on  th©  right  side  in  the  reeninbeiit  postnre,  the  ralve  wm  di 

piretted  withm  the  aperture,  and  a  gnin-elastic  tube,  of  the  size  of  a  large  quill, 
passed  into  t!ie  stomach  to  the  eocteut  of  tive  or  &\x  inches.    On  turning'  him  upon  the  1e 
side  until  the  opening  became  dependent,  the  gtiiimlation  of  the  tube  cau^d  the  secrvtia 
to  flow,  sometimes  in  drops  and  sometimes  in  a  small  stream.    Tlie  quantity  of  tluid  4 
dinarily  obtained  was  from  four  drachms  to  an  oimce  and  a  half.     The  usual  time  fa 
collecting  the  juice  was  early  in  the  tnorniDg,  before  he  had  eaten.     It  was  remarke 
that  under  these  circumstances  there  was  never  an  afcumuhition  of  gastric  juice  in  tlK 
stomach,  and  its  flow  was  only  excited  by  the  stimulus  of  the  tube.     It  was  also  repeal 
ediy  observed  that  the  introduction  of  alimentary  principles,  while  the  tube  was  in  th 
stomach,  produced  an  almost  instantaneous  increase  in  the  flow. 

ThankH  to  these  opportunities  for  observing  the  action  of  the  human  f>tomach,  follovi  < 
by  tlje  experiments  of  Blondlot  and  others  on  the  inferior  animals,  now  so  common, 
|ihysiologists  have  become  pretty  well  acquainted  with  the  phenomena  whicJi  attend 
•ecretiun  of  the  gastric  juice. 


Sfer^tion  of  the  Gaitrie  JtiiVc,— As  the  earlier  observers  were  unacquainted  with  thi 
laws  which  regulate  the  production  of  secreted  fluids  as  distingaii^hed  from  those  whit: 
contain  only  ejtcrementitioua  principles,  their  ideas  concerning  the  secretion  of  tlie  gnstrii 
juice  were  necessarily  indefinite.     One  of  the  most  important  facts  developed  by  Beat 
mont  was  that  the  normal  solvent  fluid  of  the  stomach  is  only  produced  in  obedience  to 
the  atimulod  of  food,  during  the  natural  ijrocess  of  digestion.    Recent  advances  in  |ihyai<»- 
logical  chemistry  have  enabled  experimenters  to  correct  many  errors  in  the  observati 
of  Beaumont  concerning  the  properties  and  action  of  the  gastric  juice,  but  his  desert] 
tioQs  of  the  phenomena  which  accompany  its  secretion  have  been  repeatedly  verified. 

During  the  intervals  of  digestion,  the  mucous  membrane  is  comparatively  pale,  "*  1 
is  constantly  covered  witli  a  very  thin,  transparent,  viscid  mucus,  lining  the  whole  inti 
rior  of  the  organ/*  On  the  application  of  any  irritation,  or,  better,  on  the  introductioEJ 
of  food,  the  membrane  changes  its  appearance.  It  now  becomes  red  and  turgid  witli 
blood ;  small  pellucid  points  begin  to  appear  in  various  parts,  which  are,  in  reality,  dro|i« 
of  gastric  juiee ;  and  the«e  gradually  increase  in  size  until  the  fluid  trickles  down  thtt 
sides  in  small  streams.  The  membrane  is  now  invariably  of  a  strongly  acid  reaction, 
while  at  other  times  it  is  either  neutral  or  faintly  alkaline.  The  thin,  watery  fluid  thus 
produced  is  the  true  gastric  juice.  Although  the  stomach  may  contain  a  clear  fluid  at 
other  times,  this  is  generaUy  abnormal,  is  but  slightly  aciil,  and  does  not  possess  the 
marked  solvent  properties  characteristic  of  the  natural  eecretiou.  It  has  been  shown  by 
Beaumont,  and  his  observations  have  been  repeatedly  confinned  by  experiments  on  thej 
inferior  animals,  that  the  gastric  juice  Is  secreted  in  greatest  quantity  and  possesses  flu 
most  powerful  solvent  properties,  when  food  ha^  been  introduced  into  the  «tomach  by] 
the  natural  process  of  deglutition.  Ufider  these  circumstances  the  stimolation  of  the 
mucous  membrane  is  genernl,  and  secretion  takes  place  from  the  entire  surface  capable 
of  producing  the  fluid.  When  any  foreign  substance,  as  the  gum-elastic  tube  u^ed  in 
collecting  the  juice,  is  introducetl,  the  stimulation  is  local,  and  the  flow  of  (luiil  is  com- 
paratively slight.  It  has  been  aim)  observed  that  the  quantity  immediisitely  secreted  on 
the  intrc»daction  of  food,  after  a  long  fast,  is  always  much  greater  than  when  food  baa 
been  taken  after  the  ordinary  interval. 

While  natural  food  is  undoubtedly  the  proper  stimulus  for  the  stomach,  and  whUe,  h 
normal  digestion,  the  quantity  of  gastric  juice  is  perfectly  adapted  to  the  work  it  has  to] 
perform,  it  has  been  noted  that  savory  and  highly^seasonod  articles  generally  produce  M 
more  abundant  secretion   than  those  which  are  comparatively  insipid.     An  abundant 
secretion  is  likewise  eicited  by  some  of  the  vegetable  bitters. 

Impressions  made  on  the  nerves  of  gustation  have  a  marked  influence  in  eiciting  the 
action  of  the  mucous  membrane  of  the  stomach,    Blondlot  found  that  sugar,  introduced 
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rato  ih9  fltotniicii  of  a  dog  by  a  fistulu,  prodQcc*cl  a  flow  of  juice  much  less  abundant  than 
whtn  till*  Mime  qaantity  was  taken  by  the  mouths  Tu  convince  hlmfielf  that  this  did  not 
dcpcad  upon  tbe  want  of  admixture  with  the  alkaline  B^diFa,  he  mixed  the  sugar  with  saliva 
mA  piLMitHl  it  in  by  the  fistola,  when  the  same  dift'erence  was  observed.  It  h  a  eurious 
M  some  aniinalii,  pttrlicularly  when  they  are  very  hungry,  the  eight  and  odor 

iaduci^  BfcTetiou  o!  gastric  jnice, 

-iric  jaiee  is  probably  ono  of  the  most  sensitive  of  the  secreted  liuids  to  dis- 

rjtuocii.    It  was  remarked  by  Beaumont  that  a  febrile  condition  of  the  8yt<tem, 

ton  resulting  from  an  excess  in  eating  and  drinking^  or  even  purely  mental 

-iurJi  as  anger  or  fear,  vitiated,  diminUhed^  and  sometimes  entirely  suppressed 

y  the  stoniach.     At  some  times  the  niueoas  membrane  became  red   and 

*  1  was  pale  and  moist.     In  such  morbid  conditions,  it  is  stated  that 

iTvly  alisorbed,  but  that  food  remained  in  the  stomuch  undigested  for 

r  or  lurly-eiirht  hours. 

uence  of  the  uervoas  syatom  on  the  secretion  of  gaatrio  juice,  exerted  partioa- 
izh  the  pneumognstrio  nerves,  is  very  tnarked  and  important,  but  its  considera- 
-  —  ..^.-^.,^ii  properly  to  the  seetion  on  the  nervous  system^ 

ASier  the  food  has  been  in  part  liquefied  and  absorbed  and  in  part  reduced  to  a  pnlta- 
ce,  the  secretion  of  gastric  juice  ceases;  the  movements  of  the  stomach 
ally  forced  that  portion  of  the  food  which  is  but  i>artially  acted  uynm  in  this 
nr  Is  digested  only  in  the  Braall  intestines,  out  at  the  pylorus.  The  stomach  is  thus 
mtimlj  emptied,  the  mucous  membrane  becomes  pa3e,  its  reaction  loses  iti>  marked  acid 
obaracicr  and  becomes  neutral  or  faintly  alkaline. 

S0ermtiiPH  in  Different  ParU  0/  the  Stomach. — The  differences  already  noted  in  tho 
iBSkKiiy  of  the  tuaeous  methbrane  of  tlie  stomach  in  ditferent  parts  of  the  organ  point 
Co  lb*  importimt  question  of  a  possible  difference  in  the  physiological  action  of  tlie  secre- 
of  di0erent  parts,  particularly  the  pyloric  portion  and  the  rest  of  the  general  surface. 
ri  lt»am  but  little  that  is  definite  with  regard  to  thif*  point  from  obf^ervations  on 
Hor  nnimnl«,  unless  they  be  confirmed  in  the  human  srdyect.  The  obi^ervations, 
r.  Ooll,  and  Donders,  on  the  pig,  are  very  satisfactory,  and  subse- 
'XI     ■  ^  ily  confirmed  as  regards  the  human  subject.    It  is  well  known  that  an 

•odnUied  infuj4ion  of  the  mucous  membrane  of  the  stomach  possesses,  if  properly  pre- 
ftrtd,  all  thif  digestive  properties  of  the  trno  gastric  juice,  and  that  this  is  not  the  case 
▼ilh  ^tmibir  infustions  of  the  mucous  membrane  from  any  other  parts.  KSlliker,  in  ex* 
ivfinieDtii  on  artificial  digestion  made  in  conjunction  with  Dr.  Goll,  **  on  the  gastric  mu- 
«Mi  inembrane  of  the  pig,  clearly  showed  that  the  two  kinds  of  glands  entirely  differ  in 
of  their  solvent  power;  inasmuch  a>5  those  with  the  round  cells  dissolved  acidu- 
ooAgnlaled  protein -com  pounds  in  a  very  short  time;  those  with  cylindrical  epithe- 
1aaii«  VII  the  eonti'ary,  either  did  not  operate  at  all,  or  produced  a  slight  effect  only  after 
i  iooger  period."  The  same  author  farther  states  that  these  observations  were  confirmed 
by  Doodcrs  and  himself  in  the  human  stomach. 

AltbciQi^i  the  character  of  the  secretion  in  different  parts  of  the  stomach  is  not  the 
fm»  lo  all  animaK  it  mast  be  admitted  that,  in  man,  the  mucous  membrane  of  the  stom- 
ich,  in  what  i*  called  the  pyloric  zone,  docs  not  secrete  the  true,  acid,  solvent,  gas- 
trie  Jtt?«^<».  In  other  words,  this  fluid  is  produced  only  in  those  portions  of  the  stomach 
ia  whi  '\<?ci\i%  membrane  is  provided  witli  tubes  lined  with  cells  of  glandular  epi- 

tibuIifiM  I,  have  been  called  the  stomach-eel ls<. 

In  ino«i  of  the  m«jdem  work*i  on  physiology,  alltisiion  is  made  to  the  probable  quantity 
^glitric  juice  secreted  in  the  twenty -four  hours.  The  estimates  on  this  point  can  b© 
•aly  ttpproximative,  even  in  the  inferior  animals,  and  they  give  no  definite  information 
•OOOBmiftg  the  normal  quantity  in  the  human  subject.  Bidder  and  Schmidt,  Lehmann, 
OfiT^iMTt,  and  others,  have  made  calcnlationi^  of  the  probable  quiintity,  either  by  collect- 
ing tbe  jnlc«  few  a  certain  time  and  midtiplying  the  quantity  thus  obtained  by  a  number 
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to  represent  the  wliolo  twenty-four  hours,  or  by  ascertaining  the  annonnt  of  6aiJ  reqmredl 
to  digest  n  certain  weight  of  food  and  ustiojutin^'  from  this  the  quantity  necessary  to  djs- 1 
pose  of  nil  the  food  taken  dnring  the  day.  Both  of  these  methods  are  njunifesitly  incor- 
rect. In  the  first,  the  iDtermittency  of  the  secretion  is  not  taken  into  account;  and^  In  I 
the  second,  it  is  incorrectly  assumed  that  digestion  out  of  the  body  is  accomplished  pre- 1 
cisely  as  it  takes  place  in  the  storaaeh. 

Dr.  Beaumont  was  sometimes  ablo  to  collect^  in  from  ten  to  fifteen  minutes,  two  J 
ounces  of  pure  gastric  juice,  simply  by  the  slimulatitm  produced  by  the  tniin-eluuliej 
catheter  use  J  in  the  operation  ;  but  be  expressly  states  that,  in  this  case,  only  a.  part  of  thoj 
mucous  membrane  is  excited  to  secretion,  while  the  flow  is  very  much  increased  by  thel 
introduction  of  food  by  the  mouth,  which  produces  a  general  excitation  of  the  secreting'! 
njembrane.  Estimates  like  tboso  of  Bidder  and  Schmidt,  M'liich  put  the  quantity  of  gafi^f 
trie  juice  secreted  in  twenty-four  hours  by  a  healthy  man  of  ordinary  size  at  six  thou- 
sand four  hundred  grammes,  or  about  fourteen  pounds^  are  probably  not  exaggerated,^ 
although  they  are  of  necessity  ruerely  approximative. 

The  enonuiius  quantity  of  fluid  daily  secreted  by  the  mucous  membnme  of  the  sto 
ach  would  excite  surprise  were  it  not  considered  that,  after  this  fluid  ha.^  perfonned  Itsl 
office  in  digestion,  it  is  immediately  reabsorbed,  and  but  a  small  ipuintity  of  the  secreliual 
exists  in  the  stomach  at  any  one  time.  During  digestion,  a  circulation  of  material  idj 
going  on,  in  which  the  stomach  is  continually  producing,  out  of  materials  furnished  by] 
the  lilood,  a  fluid  which  litjuefic^  certain  elements  of  the  food  and,  as  fast  as  this  is  ac- 
compUshed,  is  absorbed  again  by  the  blood,  together  with  the  principles  that  have  been] 
thus  digested. 

Composition  of  the   Gastric  Juice, 

The  gastric  jniee  is  mixed  in  the  stomach  with  njore  or  less  mucus  secreted  by  lliel 
lining  membrane.  When  drawn  by  q  fistula,  it  generally  contains  particles  of  food,  which 
have  become  triturated  and  partially  disintegrated  in  the  mouth,  and  is  rdways  mixcHl 
w  itli  a  certain  quantity  of  saliva,  which  is  swallowed  during  the  intervals  of  digestion  tkb 
well  as  when  tbe  stotuach  is  in  a  state  of  functional  activity.  By  adopting  certain  pre- 
cautions,  however,  t!ie  fluid  may  be  obtained  nearly  free  from  impurities,  except  the  ad- 
mixture of  saliva.  The  juice  taken  from  the  stomnrh  during  the  first  momtfUts  of  its 
secretion  and  s-eparated  from  mucus  and  foreign  luatters  by  filtration  is  a  clear  fluid,  of 
a  faint  yellowish  or  amber  tint,  and  possessin^-^  little  or  no  viscidity*  Its  reaction  is 
always  strongly  acid ;  and  it  is  now  a  well-established  fact  that  any  fluid,  secreted  by 
the  mucous  membrane  of  the  stomach,  which  is  either  alkaline  or  neutral,  ts  not  the  nor- 
mal  gastric  juice. 

The  specific  gravity  of  the  gastric  juice  in  the  ca^e  of  St.  Martin,  aceordiug  to  the 
observations  of  Beaumont  and  Sillimnn,  wiis  1005  ;  but  later.  Dr.  F.  G,  Smith  found  it 
in  one  instance,  long,  and  in  another,  lOOfl.  There  is  every  reason  to  suppose  that  the 
fluid,  in  the  case  of  St,  Mnrtir),  was  perfectly  normal,  and  from  1005  to  1001)  may  be 
taken  as  the  range  of  the  specific  gravity  of  the  gastric  juice  in  the  human  «>ubject. 
There  is  undoubtedly  considerable  variation,  as  regards  specific  gravity,  in  the  inferior 
animals. 

The  gastric  jnice  is  described  by  Beaumont  as  inodorous,  when  taken  directly  from 
the  stomach  ;  but  it  hm  rather  nn  aromatic  and  a  not  disagreeable  odor  when  it  has  been 
kept  for  some  time.  It  is  a  little  saltish,  and  its  taste  is  similar  to  that  of  ^*thin,  mo- 
eila^nnous  water  slightly  aeidulnted  with  muriatic  acid/'  The  gastric  juio©  from  the  do^ 
has  something  of  the  odor  peculiar  to  this  animal. 

It  has  been  found  by  Beaumont,  in  the  human  i?ubject,  and  by  those  who  hare  experi- 
mented on  the  gastric  juirc  of  the  lower  animals,  thiit  this  fluid,  if  kept  in  a  well- 
stoppered  bottle,  will  retain  its  chemical  and  physiological  properties  for  an  indefinite  pe- 
riod*    The  only  change  which  it  undergoes  is  the  formation  of  a  pellicle,  consisting  of  a 
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UCf  confervoid  growth,  upon  the  surface^  some  of  wbicb  breaks  up  and  fulls  to  the 
bottom  of  the  vessel,  forming  a  whitish,  flocculent  sediment.  "We  have  now  (1875)  a 
i|«etai«n  t»f  giLfitric  juice  which  was  taken  from  u  dog  witli  n  gastric  fiHtnla  in  January, 
188(2.  It  lias  no  pntrefactivo  odor  and  1^  apparently  in  the  same  condition  as  whi?D  it 
I  llrsi  drawn.  lu  addition  to  this  remarkable  faculty  of  resisting  pntrvfactiun,  this 
» is  srr^sted  in  decomposing  animal  substances,  both  when  tnken  into  the  stomach 
I  irli«i  «ipo«ed  to  the  action  of  the  gastric  juice  out  of  the  body. 
iTbfiTd  aro  on  record  no  minute  quantitative  analyses  of  the  human  gastric  juice, 
ipi  thorns  by  Schmidt,  of  the  tluid  from  the  fitomach  of  a  woman  witli  ga^jtrio  fistula ; 
tMd  ta  this  case  there  is  reason  to  suppose  that  the  secretion  was  not  normal  The  analysis 
of  lli#  gastrin  juice  of  St.  Martin  by  BerzeUus  was  not  minute.  The  mialy^^esof  Sclimidt 
fhr«  li»B  than  dx  parts  per  thousand  of  solid  matter,  while  Ber^elias  found  over 
Iveire  parts  per  thousand.  In  all  the  comparatively  recent  analyses,  there  have  been 
himd  a  itee  acid  or  acids ;  a  peculiar  organic  matter,  generally  called  pepsin  ;  and  various 
laofgattk)  salts,  among  which  may  be  mentioned  as  most  Important,  the  chlorides  of 
■Hf"^.  potassium^  and  calcium,  with  the  phosphates  of  lime,  magnesia,  and  iron.  Of 
Ikaat  eoinstituent^,  tlie  salts  possess  tittle  physiological  impart.ance  as  compared  with  the 
I  matter  and  the  acid  prineijties. 
FTba  following  analysis  by  Bidder  and  Schmidt  gives  the  mean  of  nine  observationa 

Taifie  of  Solid  Constitmnts  of  the  Gastric  Juice  of  the  Doff, 
(Bidder  and  Schmidt.) 

FanDooA  (pepsin.) 17187 

Firee  tiydrochlorio  ucWi  {?).. , ...     a^OfiO 

Ghlortde  of  potASsium..... ri2ft 

ChkMe  o(  90diiua.. a*50t 

C%larid0  of  calcium — ....     0'62i 

Ghloriile  of  asuaoniutD. O-ltVd 

riMMpliate  of  lime. 1*729 

Ffaoftpihate  of  ttiftgno^ita  .     f^  22S 

Phosphate  of  iron . «v«ik2 


in    ..: 
theit'H 


of  three  experiment?,  in  which  the  saliva  was  allowed  to  pass  into 
iHtrtion  of  free  acid  wus  2*337,  and  the  proportion  of  organic  matter 


Offt  itj  the  Gaatrk  Jmee. — This  principle,  called  pepsin  orgasterase,  is 

la  urg.i  :d  body,  peculiar  U>  the  gastric  juice,  and,  aa  we  shall  see  fartlier  on, 

Jum'tittai  to  Its  digestive  properties.  When  the  gastric  fluid  was  first  obtained,  even  by 
turn  tmpuffi^t  methocls  employed  anterior  to  the  observations  of  Beaumont  and  of  Blond- 
«H.  an  org^xnic  matter  was  spoken  of  as  one  of  its  constituents. 

txpoHments  on  artificial  digestive  fluids,  by  Eberle,  Schwann  and  Mtlller,  Wasmann, 
ladolhrrs,  have  demonstrated  that  acidulated  infusions  of  the  mucous  membrane  of  the 
l»,  possessing  all  the  physiological  properties  of  the  gastric  juice,  contain  an  organic 
r»  first  ist^lated  by  Wasmann,  on  which  the  solvent  powers  of  tbese  acid  fluids  seem 
te  depactd.  Mialhe^  who  has  obtained  tliis  substance  in  great  purity  by  the  process  recom- 
imiultil  by  Vogel,  describes  tbe  following  properties  as  clmracteristic  of  the  organic 
oatter  tn  artificial  gastric  juice :  Dried  in  thin  slices  on  u  plate  of  gla<s,  it  is  in  the  form 
i/f  anidll,  grayish,  translucent  scales,  with  a  faint  and  peculiar  odor  and  a  feebly  bitter 
iimioous  taste.  It  is  soluble  in  water  and  in  a  weak  alcoholic  mixture,  but  is  in- 
^•iuui4  ia  ahsolnta  alcohol.    A  solution  of  it  is  rendered  somewhat  turbid  by  a  tempera- 


238 


DIGESTION. 


tore  of  212*^  Fahf .,  but  it  is  not  coagulated,  although  it  loses  its  specific  properties.    It  i 
nut  tttfected  by  acids  but  is  precipitated  by  tuunlDf  creosote^  and  a  great  Dumber  of  tha 
metallit^  salts,     This  substance  diissolved  in  water  sligbtlj  acidulated  possesses  in  a  Ttr 
marked  degree,  the  peculiar  solvent  properties  of  the  gastric  juice;  bat  it  has  been  foondl 
by  Pay  en  and  Mialhe  not  to  be  so  active  as  the  principle  extracted  from  tlie  gastric  juio 
itself,  which  is  described  by  Payen  under  the  uamo  of  gasterase.     In  the  abattoirs 
I'aris,  Mialbe  collected  from  the  secreting  Ftomachs  of  calves  as  they  were  killed,  fron 
six  to  tcD  pints  of  gastric  jnicu ;  and  from  this  he  extracted  the  pure  pepsin  by  the  pr 
cess  recommended  by  Payen^  which  consists  merely  in  one  or  two  precipitations  b| 
alcohol.     This  substance  he  found  to  be  identical  with  the  princijtle  obtained  bj  Payen 
from  the  gastric  juice  of  tlie  dog.     Its  action  u|>on  albuminoid  matters  was  precisely  thil 
same  as  that  of  pepsin  extracted  from  artiticial  gastric  juice,  except  that  it  was  moro 
powerful. 


Sottrcd  of  the  Acidity  of  the  Gastrie  Juice, — R^^aumnr  and  Spallanzani  recogmiedl 
that  the  Uuid  from  tbe  stomaeb  has,  at  certain  times,  an  acid  reaction ;  and  sub&eqnent 
observations  have  confirmed  this  fact  and  have  shown  tliat  this  reaction  is  invariabltl 
during  dii^a'stion.  But,  altbuugh  the  must  dibtinguished  and  skilful  chemists  of  the  dafl 
have  atteniptvd  to  ascertain  the  source  of  this  acidity,  from  Prout,  in  1823,  to  Blondlot,  j 
in  1858,  eui bracing  Leuret  and  Laj^^aigne,  Tiudemimn  and  Gmelin,  Berzelius,  Chevreul^J 
Bidder  imd  Hchnndt,  Dumas,  Lehmann,  Bernard  and  Barreswil,  with  a  host  ot  othem,! 
the  rpiestion  baa  nut  yet  received  a  solotiun  which  is  generally  accepted. 

The  method  made  use  of  by  some  of  those  who  profess  to  have  found  free  hydrochloriol 
acid  in  the  gastric  juice  has  been  to  subject  tlie  fluid  to  distillation,  testing  the  acid  fluid] 
which  passes  uver  with  nitrate  of  silver ;  but  tht?  experiments  of  Bernard  and  Barreswill 
on  the  gastric  juice  from  dogs,  and  the  more  recent  observations  of  Dr.  F.  G.  Smith  on  1 
the  gastric  juice  from  St.  Martin,  have  shown  that  tbif*  process  is  really  of  little  value. 
The  following  observations  by  Bernard  and  Barreswil  seem  to  show  that,  although 
hydrochloric  acid  may  he  obtained  from  gastric  juice  by  di^tilhition,  it  does  not  neces- 
sarily exist  in  the  fluid  in  a  free  state ;  which  is  a  very  important  consideration  in  a  ques- 
tion in  which  every  thing  depends  upon  the  absolute  nccuracy  of  modes  of  analyses : 

In  sahjecting  the  gastric  jnice  of  tlio  dog  to  distillation  at  a  low  temperature,  with  all 
the  necessary  precautions,  it  w^as  foimd  that  the  first  [>roducts  did  not  present  an  acid  re-J 
action.    It  was  at  first  thoiipht  that  this  would  be  a  ground  for  the  exclusion  of  bydrochlorioJ 
acid,  which  is  considered  to  be  volatile  ;  but  it  was  found  that,  in  the  distillation  of  water  | 
which  had  been  sUglitly  acidulated  with  hydrochloric  acid,  the  first  products  were  neu* 
tral,  and  the  acid  was  disengage*!  only  in  the  fluid  which  passed  over  toward  tbe  last 
Iieriods  of  the  process.     On  again  distilling  the  gastric  juice,  it  was  found  that  the  prod- 
uct was  neutnd,  presenting  no  precipitate  with  the  nitntte  of  silver,  until  about  four- 
fifths  of  the  fluid  had  passed  over;  that  afterward,  the  fluid  whifh  passed  over  was  distinct- j 
ly  acid,  but  did  not  precipitate  with  the  salts  of  silver ;  and  **  finrdly,  only  toward  the  lastj 
instants,  when  there  remained  only  a  few  drops  of  gastric  juice  to  evaporate,  the  acidT 
liquid  which  was  produced  gave  a  marked  precipitate  with  the  salts  of  silver,  which  was 
not  dissolved  by  concentrated  nitric  j^cid.'*     It  wns  found  that  the  addition  to  the  gastric 
juice  of  a  small  (prantity  of  oxalic  acid  produced  a  marked  opacity  due  to  the  formation  j 
of  the  insoluble  oxalate  of  lime,  wliile  an  equal  quantity  of  the  same  reagent  produced  no  j 
opacity  in  water  containing  a  proportion  of  two  thousandths  of  hydrochloric  acid,  toj 
which  chloride  of  calcium  had  been  added.    From  this  experiment,  Bernard  concluded 
that  the  hydrochloric  acid  in  the  gastric  juioe  exists  in  the  condition  of  a  chloride  and 
not  in  a  free  stflte. 

Prof.  F.  G.  Smith,  who  bad  an  opportunity  of  examining  the  gastric  juice  from  St 
Martin,  in  1856,  took  the  fluid  from  rbe  stomach  after  two  ounces  of  dry  bread  had  been 
ohewod  and  swallowed^  and  subjected  it  to  distillatioa.    The  first  fluid  which  passed  over 
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id  tho  r^i»iilD4;f  after  the  temperature  lid4  been  somewhat  rais43<],  produced 
I  d%)ii  ftfictpitftte  with  tho  uttraie  of  silver,  which  was  tioluble  in  aJunKXiia*  lu  an* 
0|^ir  «speriaieiit^  a  mixture  of  lactic  acid  and  chluricje  of  sodium  iu  solution  w&s  etil^- 
^Mtcd  to  difitilktion,  and  the  product  formtMl  a  i^li^}it  precipitate  with  tbo  Qtirate  *ji  all- 
w«  vliftcii  was  soluble  in  ammouia.  In  anutiier  experiment,  a  mixture  o£  luetic  acid 
mi  MoriAe  of  sodium  in  solution  wa^  subjected  to  dbtillation,  and  the  product  formed 
ftrili^l  iir^cipitate  witli  the  nitrate  of  silver.  The  precipitation,  in  tliis  in^lanee^  was 
itliibsted  to  the  paasage  of  u  small  cpiantity  of  chloinde  of  sodium  with  the  vapor^s  and 
it  ia  toUii^  alsu^  that  he  attritMitca  tbe  opalescence  of  the  products  of  dintdlatiou  of  the 
fifllrii;  jaire^  when  treated  with  the  nitrate  of  silver.  Thvse  experiments  are  of  ^rvtxi 
Imcnat  lo  ao  far  as  they  oon6rm  the  observations  of  Bernard,  VLllefranch*;,  and  Bar- 
imw%  cm  the  gastric  jaic^  of  the  dog. 

Tba  eX|>orinieuta  of  Lehmann  ore  even  more  conclusive.  He  found  that  pure  gastric 
jai^B^  when  oraporated  in  eacuOy  devcloi>^  hydrocldoric  acid;  but  he  also  found  that 
cblovida  of  oalctani  U  decomposed  during  eva[*oratiou  with  lactic  acid  in  vacuo  and 
•IfirtbiiteB  ihs  geoeration  of  hydrochloric  acid  in  the  ga.stric  juice  to  the  decomposition 
with  tlifa  flUt,  and  not  the  chloride  of  sodium,  aa  was  thought  by  Bernard,  V'illeiranche^ 
iftd  BarreswiL 

Tbe  •ddition  of  a  small  quantity  of  oxalic  acid  to  gastric  juice  produces  a  precipitate 

^  ioaolable  oxalate  of  lime,  which  does  not  take  place  in  the  presence  of  free  fiydro- 

acad,  even  when  it  exista  in  very  minute  quantity.     No  one  has  denied  Uiat  this 

I  always  take^  place  iu  the  gai*tric  juice ;   but,  in  this  tluid,  is  it  inconsistent  with 

^♦nce  of  a  small  quantity  of  hydroi^hlunc  acid  ?     We  have  found  that  the  addition 

drof>a  of  ordinary  hydrochloric  acid  to  half  a  iiuidounce  of  gastric  juice  dov^  not 

p&v«ai  the  precJpitati^D  of  the  oxalate  of  litue,  which^  in  the  fiingle  observation  referred 

|d^  was  pTirTeotod  only  when  the  quantity  of  acid  was  increased  to  five  drops.    On  adding 

I  freah  urine,  the  precipitate  of  oxalate  of  lime  was  marked  ;  but,  alter  the 

'■At*  drops  of  ordinary  hydrochloric  acid,  this  reaction  did  not  take  place. 

tion  with  the  fact  that  many  of  the  ordinary  chemical  reactions  are  pn^ 

A  in  tliiids  containin;tc  organic  substances,  this  would  lead  us  to  inquire 

tft»cldoric  acid  may  not  exist  in  small  quantity  in  the  gastric  jnlce,  and, 

uon,  llie  reaction  between  the  oxalic  acid  and  the  soluble  salt« 

whether  the  acid  may  not  nnite  with  the  organic  principle^ 

t".  chlorohydropeptic  acid.     In  support  of  this  latter 

tidderhas  formed  combinations  of  organic  principles 

\  of  the  mineral  acids,  such  as  the  ^Iphuric  and  the  hydrochloric.     In  these 

ande^  the  acid  character  rema'mn,  but  the  ordinary  reactions  of  the  acid  are  lost, 

With  the  abundant  opportunitiea  which  have  been  presented  for  the  chemical  study 

•C  tlia  gaicnc  juice»  not  oidy  in  the  inferior  animals  but  in  man,  and  in  riew  of  the  nu- 

■«nna  elabcn^ate  researches  into  the  nature  of  this  fluid  by  the  most  skilful  physiological 

AiHaiitaof  the  day,  it  is  a  matter  of  surprise  that  the  question  of  the  existence  of  free 

l(fAiiHiilone  acid,  or  its  condition  as  regards  combination  with  the  organic  matter,  is 

iit  ttCtled*     It  certainly  cannot  now  be  regarded  as  determined  beyond  cjuestion.     If, 

afhaopposed  by  Biddtir  and  Schmidt,  there  he  a  proportion  of  chlorine  which  cannot  be 

MMoqatod  for  hy  the  quanlitj  of  ordinary  bases  in  tbe  gastric  juice,  it  probably  does  not 

tsiit  aa  free  hydrochloric  acid,  but  it  is  in  aomo  way  united  with  organie  matter. 

tn  ITBd,  Macqiiart  indicated  the  presence  of  lactic  acid  in  the  gastric  juice  of  the  calf, 
ittrihothig  Iba  acidity  of  the  gastric  juice  of  the  ox  and  the  sheep  to  free  phosphoric 
mL  Sfef^  ^hm  therr*  have  been  numerous  analyeica  in  which  this  principle  has  been 
■■J  t'  -T  those  who  early  adopteii  this  view,  may  be  mentioned  Cbe- 

*fwl.  '  L\m\  Lassaigne.     After  the  analyses  by  Front,  in  1823,  and  the 

^^mrtmor.i  liont  on  the  fluid  obtained  from  St.  Martin,  and  until  the  publication 

^  ^^^'^  ^'^  r  Bernard,  Villefranche,  and  Barreswil,  in  1844,  hydrochloric  acid 
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was  generally  supposed  to  be  the  free  «dd  of  tbe  gastric  juice.  It  is  chiefly  on  the  J 
named  observations— which  have  beeu  supported  by  Bernard  in  liis  later  pablications  eoill 
by  the  cunfimi«^tury  experiments  of  LeLuianu  and  others — that  tliose  who  admit  Ihej 
presenctj  of  free  lactic  ucid  in  quantity  in  the  gastric  juke  regt  their  belief* 

We  have  already  referred  to  the  experiments  of  Bernard,  which  show  that  an  artificial  I 
fluid  containing  eliloride  of  sodium  and  lactic  acid  in  solution  behavess  during  disttllultoi^] 
in  every  way  like  the  normal  gastric  juice.  These  show,  also,  how  hydrochloric  acid] 
may  be  produced  during  the  last  period  of  the  distillation  by  tleeonj  posit  ion  of  tbej 
chlorides,  Wu  have  seen  that  this  observation  was  confirmed  by  Lehmann,  who  noted] 
the  same  reaction  during  evaporation  at  the  ordiutiry  temperature,  in  taeuo^  although  he  I 
supposed  tlio  action  iu  the  gastrii?  juice  tu  be  upon  tlie  chloride  of  calcium  instead  of  thoi 
chloride  of  sodiuiu.  Lehman n  found  in  the  acid  residue,  free  lactic  acid,  lactate  of  Ume,,  t 
and  alkal'mc  cblorides,  Bermird  and  Lehtiiann  have  brought  forward  other  experimeDtalj 
facts  to  show  that  the  gastric  juice  contains  lactic  acid.  If  starch  be  boiled  in  a  solatioul 
containing  hydrochloric  acid,  it  soon  loses  its  property  of  forming  a  blue  eomponnd  witliJ 
iodine;  while  if  it  be  boiled  with  lactic  acid,  no  such  change  is  observed*  If  stJirch 
boiled  with  a  solution  containing  hydruchluric  acid,  to  which  has  been  added  a  solnbleJ 
lactate  in  excess,  it  remains  unaltered ;  whicli  shows,  according  to  Bernard,  that  hydro-] 
chloric  acid  in  a  free  state  cannot  exist  in  the  presence  of  an  excess  of  a  salt  of  lactroj 
acid.  By  similar  experiments,  the  same  observer  assumes  to  prove  that  the  existenee  off 
hydrochloric  acid  is  inadmissible  in  the  presence  of  a  phosphate  or  an  acetate  in  excesa«.l 
Lehmann  has  found  that  starch  boiled  with  gastric  juice  retains  the  property  of  betngl 
colored  blue  by  iodine.  These  experiments  are  con8idere^I  by  Bernard  as  positive  proof  i 
that  the  acid  of  the  gastric  juice  is  the  lactic;  and  the  fuct  ** seems  to  him  to  be  at  the  1 
present  day  beyond  contestation."  The  facts  adduced  by  Lehmann,  however,  are  eveaj 
stronger.  By  operating  upon  a  large  quantity  of  gastric  juice,  he  formed  the  hictates  is 
«uch  a  quantity  that  he  was  enabled  to  subject  them  to  ultimate  analysis  and  determine 
positively  the  nature  of  the  acid.  He  found  that  the  acid  had  the  compoaition  of  lactiel 
acid  formed  from  sugar,  and  not  that  of  the  acid  formed  from  the  juice  of  the  mnecular 
tissue. 

In  view  of  the  facts  above  mentioned  and  the  somewhat  uncertain  basis  on  whicli 
the  suppfisition  of  the  presence  of  free  hydrocliloric  acid  is  ftmnded,  it  seems  almost  ce 
tain  that  the  principal  free  acid  of  the  gastric  jui<*e  is  the  lactic.  It  is  important  to  i 
mcTober  tfiat,  while  the  experiments  of  Bernard  and  Lehmann  were  made  on  gastJ-ic 
juice  from  the  dog,  they  have  been  confirmed,  in  their  essential  particulars,  by  tlie  inor 
recent  observations  of  Prof.  F.  G,  Smith  on  the  normal  gastrio  jnice  from  the  hntniui  ] 
subject. 

It  now  only  remains  to  discuss  the  question  of  the  existence  in  the  gastric  jnice  of  the 
acid  phosphate  of  lime,  to  the  exclusion  altogether  of  free  acids;  a  theory  first  jjroposed 
by  Blondlot  in  1843,  and  entertained  and  defended  by  him,  as  late  as  1858,  notwithstand- 
ing the  fact  that  this  view^  has  met  w^ith  no  favor  among  physiologists. 

To  Blomllot  belongs  the  rtire  merit  of  having  been  one  of  tlie  firsts  if  not  the  very 
first,  to  propose  and  execute  an  expjerimcnt  l>y  which  the  normal  gastric  juice  could  bo 
obtained  in  quantity  from  a  living  animal.  In  his  first  analysis  of  the  fluid  thus  obtained, 
ho  denied  tbe  existence  of  any  acid  principles  except  the  biphosfjhate  of  lime.  This 
view  he  bohls  at  the  present  day;  and,  notwithstanding  tbe  elaborate  researches  of  the 
most  distinguished  physiological  chemists,  in  all  of  which  a  free  acid  of  some  kind  has 
been  recognized,  he  still  ardently  defends  bis  original  position.  The  question  of  the  exist- 
ence in  the  ga«ftric  juice  of  the  acid  phosphate  of  lirne,  to  the  exclusion  of  free  acids,  may 
be  discussed  in  a  few  words. 

Assuming  that  tbe  gastric  juice  contains  a  free  acid,  a  view  which  the  arguments  of 
Blondlot  fail  to  disprove,  the  question  arises  whether  the  biphosphate  of  lime  may  not 
also  exist  in  this  fluid.     On  this  point  there  can  he  no  donbt.    All  the  modem  aj 
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_  io  jwke  ifiTc  the  pliospliate  of  lime  t^  one  of  its  constituents ;  iind  Blondlot 
jaKly  i%mmrka  iLat  it  U  strange  to  me,  m  ccrtdn  analyses,  tlio  neutral  pho&pliati*  of  \mw 
nd  Ifjdrocbluric  or  kolic  acid  {mi  down  as  existing  together,  as  thmigh  the  phosphoric 
•cU  w<r»  ^hU  to  r%daln  the  two  e4Uivalent^  of  the  ba!?G  in  tite  presence  of  either  of  the^e 
tvQ  i^iU.  \^,  that  basic  phosphate  of  lime,  a  salt  iuaolnblc  in  pure  water  but 

»taMr  In  a  nj*,  is  invariably  decomposed  in  tlie  prcBenoe  uf  addi*  a*  powert\il  as 

ti  Jurie  or  the  lactic.     It  then  loses  two  equivalents  of  the  baae  and  is  trans- 

an  acid  phosphate. 
t  TlMiro  can  b«  no  doubt  of  the  constant  presence  of  the  acid  phosphate  of  lime  in  tlut 
I  jtuetss  at  least  in  the  dog,  and  ltd  quantity  is  undoubtedly  increased  in  thii*  animal 
itniog  the  digestion  of  bones,  by  the  action  of  the  acid  fluid  upon  their  phosphatlc  con- 
tfitufciita;  but  the  arjjuiiienta  of  Blondlot  against  the  existence  of  a  free  acid  have  llttlo 
ir  w>  w^hU  One  of  thot^e  on  which  most  gtress  is  laid  is  that  the  gastric  juice  does  not 
•rt  Xipoa  the  carbonates^  which  would  undoubtedly  be  the  case  if  it  contained  a  free 
Mid.  Til©  glmple  reply  to  this  is  that  there  is  sufficient  e\ideiico  to  show  that  it  is 
api  the  UcU  Melsens,  using  a  specimen  of  Huid  obtained  by  Blondlot  from  the  dog  and 
gheD  to  Domafi,  found  that  seventy-three  grammes  of  juice  dissolved,  in  tflr*enty-fonr 
bun,  CMn8  of  a  gramme  of  calcareous  spar  (crystallized  carbonate  of  lime).  He  eon- 
inDtfl  this  observation  by  several  experiments,  so  that  there  can  be  no  doubt  as  to  its 
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re,  that,  while  the  acid  phosphate  of  lime  has  been  shown  to  be  a 

of  the  pnre  gastric  juice,  contributing,  in  a  certain  degree,  to  ita 

it/,  it  is  not  by  any  mean^  to  be  regarded  as  the  sole  acid  principle ;  the  phosphate 

exiating  in  this  fonn  by  virtue  of  the  presence  in  thi^  fluid  of  a  free  aeid. 

On  what  dijes  the  acidity  of  the  gastric  juice  depend?    Thla  is  the  simple  question  to 

''         '       dificu^^ion  naturally  leads ;  and  it  is  one  wliich  can  be  anerwered 

iss,  although  it  is  not  settled  to  the  satisfaction  of  all  physiologists 

a  ufo  sOLLic  conflicting  observatioiu  which  can  bo  harmonized  only  by  new  re- 

fmm  the  conditions  under  wltich  acids,  such  as  bntyrie,  acetic,  or  lactic,  are 
1  frum  articlea  of  food  taken  into  the  stomaih,  the  evidence  i»  strongly  in 
*  Lactic  Bcld  as  the  principle  on  which  the  gastric  juice  mainly  and  constantly 
its  acidity.  There  also  exists  a  certain  rjuantity  of  bipho8|»hate  of  lime;  and 
•nly  condition  in  which  a  phosphate  of  lime  can  exist  in  the  presence  of  free 

-  fvatioDS  of  Bidder  and  Schmidt  indicate,  apparently,  a  quantity  of  chlorine 

iico  not  to  be  accounted  for  by  ^e  proportion  of  bases  obtained  by  ulti- 

Thore  h  evidence  sufficiently  positive  to  show  that  there  is  no  hydro- 

■\  in  the  gastric  juice,  in  a  corfdition  which  allows  the  fluid  to  present  the  re- 

..  ..idi  are  observed  when  this  acid  exists  in  a  free  state.     If  there  be  any  hydro- 

n^td  not  in  combination  with  metnllic  bases,  it  is  united  with  organic  matter  in 

J  nay  oit  to  prevent  the  manifestations  of  its  ordinary  properties,  except  that  of 

T-    Tho  fact  that  some  of  the  mineral  acids  can  be  made  to  unite  in  this  way  with 

fuk  color  to  this  supposition;  although  farther  investigations 

ito  that  thi«  takes  placo  in  the  gastric  juice. 

'>'.^tii«fry  Sfdine  Cmi^titnenU  of  the  Gattric  Jum. — It  ba8  been  experimentally  de- 
-atcd  ihAt  arlMcial  finitls,  containing  the  organic  principle  of  tho  gastric  juice  and 
v^<  \  iortion  of  free  acid,  are  endowed  with  all  the  digestive  properties  of  the 

ft«m»t  I  fntm  tho  et<)mach,  and  that  these  properties  are  rather  impaired  when 

•fnl  saline  constituents  is  fld<h:'d  or  when  the  relation  of  tho  salts  to 
^  vitvr  »  d  by  concentratinn.     Bondault  and  Cor visiirt  evaporated  two  hun- 

^  f^imxmi^  of  the  gafttric  juice  of  the  dog  tu  dryness  and  added  to  the  residue  fifty 
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grammee  of  water.    Thej  fotind  that  the  tluid  ihnd  prepared,  co&tammg  four  timea  I 
uormal  proportion  of  saline  principles,  did  uot  possess  b?  anj  means  the  energy  uf  actio 
on  alimentary  substancea  of  the  nonnal  aecretion,     These  facts  have  Jed  i^hy^iolugitiU  lo^ 
attach  Uttlo  miportauce  Uj  the  ordinary  Biiline  i>riiicipl*is  found  in  the  gaBtrio  joice. 

In  the  various  analyses  of  the  pure  juice  from  the  human  sahject  and  the  iDftTiorl 
animals,  particularly  doge^  chemists  have  discovered  the  chlurides  of  sodiDm^  caldun 
potassluuj,   and  ammonium,   the  phosphate  of  lime   (necci^sarily  in  the  form   of  tht 
biphosphate),  magnesia,  and  a  small  proportion  of  phosphate  of  iron.     Of  these  prind-j 
pies,  the  chloride  of  sodium  has  always  been  foond  to  exist  in  greatest  abondanec. 

Aciiou  of  t/i€   Gastric  Juice  in  JDi^estion, 

In  treating  of  tl*e  c^ompowition  of  the  gastric  juice,  frequent  aUasion  has  been  made 
its  solvent  action  in  digestion  and  to  the  constituents  on  which  this  property  depidnd&i 
Certain  of  the  principles  most  readily  attack*;d  by  this  fluid  ar©  acted  upon  by  weak  acii 
solutions  containing  no  organic  matter ;  but,  although  some  physiologtstd  have  been  dis-' 
posed  to  regard  the  processes  of  solution  which  tjike  place  in  the  stomach  as  dependent 
merely  on  the  presence  of  a  free  acid,  it  is  now  well  ehtablisbed  that  the  presence  of  a 
poonliar  organic  princi|tlo  is  an  indispensable  condition  to  the  performance  of  real  dige 
tion  by  the  gastric  fluid,  It  has  also  been  fully  established  that  fluids  containing  the  or* 
ganjc  principle  of  tlie  gastric  juice  have  no  digestive  properties  unless  they  also  possesf 
the  proper  degree  of  acidity  ;  and  it  is  as  well  settled  that  fluids  containing  acids  ulom 
have  no  actiun  on  albuminoids  similar  to  that  which  takes  place  tn  digestion,  and  that 
when  these  principles  are  dissolved  by  them  it  is  simply  accidental. 

It  is  a  curious  fact  that  the  presence  of  any  une  particular  acid  does  not  seem  essen- 
tial to  the  digestive  properties  of  the  gastric  juice^  so  long  as  the  proper  degree  of  acidity 
is  preserved.  In  the  experiments  of  Bernard^  Villefranche,  and  Barreswil,  after  saturating 
the  gastric  juice  with  neutral  phosphate  of  lime  and  adding  acetic,  phosphoric,  or  hydro- 
chloric acid  in  such  quantity  that  it  ccrtniniy  existed  in  a  free  state,  the  digestive  proper- 
tics  of  the  fluid  were  retained.  These  authors  regard  it  as  essential  that  the  normal  acid 
of  the  gastric  juice  should  l»e  thus  capable  of  being  replaced  inditferently  by  other  acids; 
for^  they  9ay>  in  case  any  salt  were  introduced  into  the  stomach  which  would  be  decom- 
posed by  the  lactic  acid  of  the  gastric  juice,  digestion  wouUl  be  interfered  with,  unless  the 
liberated  acid  could  take  its  place.  It  can  readily  be  ajipreciated  that  transient  disturb* 
ances  might  occur  from  this  cause,  were  the  existence  of  any  one  acid  princiijle  iudispcn* 
sable  to  the  digestive  properties  of  the  gastric  juice;  whik%  if  only  a  certain  degree  of 
acidity  wore  rcquirefl,  this  condition  might  be  produced  by  any  acid^  either  derived  from 
the  food  or  secreted  by  the  stomach. 

Enough  has  already  been  said,  under  the  head  of  the  organic  principle  of  the  gastrfa 
Jnice,  to  show  that  the  presence  of  this  substance  is  likewise  a  condition  indispensable  to 
digestion. 

As  far  as  has  been  ascertained  by  experimenta  upon  ortlflclaj  digestion^  the  mncno^ 
which  always  exists  in  greater  or  less  quantity  in  the  stomach,  does  not  seem  to  br  im- 
portant. It  is  usual  in  these  experiments  to  separate  mucus  and  extraneous  matters  from 
gastric  juice  by  filtration  before  it  is  used;  and  the  digestive  proptrlies  of  the  fluid  thnff 
treated  are  not  senaibly  atfected  when  the  mucus  is  allowed  to  remain. 

In  studying  the  physiological  action  of  the  gastric  juice,  it  raust  always  be  borne  in 
mind  that  the  general  process  of  digestion  is  accomplished  by  the  eombinedf  as  well  as 
the  successive  action  of  the  dilFerent  digestive  fluids.  The  act  should  be  viewed  in  its  «•* 
umhle^  rather  than  as  a  process  consisting  of  several  successive  and  distinct  operotions,  tu 
which  dltt'erent  classes  of  i^rinclples  are  dissolved  by  distinct  fluids.  The  food  meets  with 
the  gastric  juice,  after  having  become  impregnated  with  a  large  quantity  of  saliva ;  »md  it 
passes  from  the  stouuich  to  l>e  acted  upon  by  the  intestinal  fluids,  having  imbibed  both 
saliva  and  gastric  Juice.    By  studying  the  different  digestive  fluids  in  too  exclusive  « 
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'  loglsta,  while  pfofegsing  to  Assign  tJefiii'ito  and  distinct  propertied  to 
ii  lIjo  function  of  dij^vstiou  with  the  attraction  of  eiroplicity,  hnm 

pfcgMftrily  igUi/fcnl  ur  distorted  faet^  and  liave  assumed  a  complet^dntige  for  the  stmi  of 
a3r  information  on  ibis  subject,  which  does  not  exist. 

n  the  .acts  which  take  place  in  the  mouth  are  properly  pt'rformed,  the  following 

i^^^^i^iTt  mbstauces^  comminuted  by  the  action  ot  the  teeth  and  thoroughly  iutiaUvated, 

•rt  takeQ  into  the  stomach :  mu&cular  tissue,  containing  the  muscnlar  suhstance  e-nvel- 
flped  in  its  «ttrooleinma,  bloixi- vessels,  nerves^  white  fibrous  tissue  holding  the  nuisealar 
th€€§  togviher,  interstitiid  fat,  and  a  Binall  (jumitity  of  albunienj  fibrin,  and  corpuscles 
lif^Mll  the  WtM>il,  all  combined  with  a  considerable  (jUantity  of  inorganic  galine  matters  j 
a,  •'^fnetVme!^  Tinrhjmged,  but  generally  in  a  more  or  less  perfectly  coagulated  con* 
rimes  in  the  form  of  oil  and  some  times  enelos^ed  in  vcsieks, 
ilM'  ^  ;  gelatine  and  ;uiimal  matters  in  a  li*|uid  fonn  extracted  IVonj 

,  AS  Iq  fiotJi»s;  ca^etne,  in  its  liquid  form  united  with  butter  and  salts  in  milk,  and 
eotg^lACM  in  connection  with  various  other  princi[des  in  cheese ;  vegetable  nitrogenized 
|mrip1«9^  of  which  gluten  may  be  taken  as  the  type;  vegetable  fats  and  oils;  saccharine 
pl^dfil'  '    Irom  the  animal  and  the  vegvjtable  kingdom,  but  chiefly  from  vegota- 

Uef ;  ll  it  rarietie^iof  amylaceous  principles ;  and,  finally,  organic  acids  and  salts, 

taifi^d  ciii«^y  from  vegetables.  These  princifile?,  particularly  those  from  the  vcgetablu 
Ik^gdocD,  are  united  with  more  or  le*^  innutritions  matter,  such  as  cellulo&e.  They  are 
Aft  teiSMiied  with  aromatic  principles,  condiments,  etc.,  which  are  not  directly  used  in 

tTitrttloti, 

varfoos  articles  coming  under  the  head  of  drinks  are  taken  without  any  consider- 

^ "  vrith  the  sttlivn.     They  embrace  water,  the  various  nutritious  or  stimulant 

Mg  alcoholic  beverages),  with  a  small  proportion  of  inorganic  salta  in 

the  article  enumerated  above  are  more  or  less  modified  in  the  stomach ;  and  the 
mikm  *>(  ibe  gastric  juice  upim  them  will  now  be  taken  up  in  details 

Aeii^n  aftht  GoMirie  Juice  upon  ifeat*,— There  are  three  ways  in  which  the  action 

if  like  pi^lric  jnice  upon  the  varions  articles  of  food  may  bo  studied.    One  is  to  subject 

tWm  to  the  action  of  the  pure  tluld  taken  from  the  stomach,  as  was  done  by  Beaumont,  in 

4^  kantan  ^  m1  by  Blondlot  and  others,  in  experiments  upon  the  inferior  animals  ; 

aiith«T  t*  t  of  pro  perly-p  re  pared  acidulated  infusions  of  the  raucous  membrane 

4 die  stom.v  have  been  shown  to  have  sensibly  the  same  pmperties  us  the  gastric 

]»et,  di^ri  1  !  11  activity ;  and  another  is  to  examine  frum  time  to  time  the  contents 

«f  Ik©  stomach  after  food  has  been  taken.     By  all  of  these  methods  of  study,  it  has  been 

•" '"^  !hjit  tht*  digestion  of  meat  in  the  stomach  ia  far  from  being  complete.     The  parts  of 

'^!t»Iar  fitmcture  most  easily  attacked  are  the  fibrous  tissue  which  holds  the  muscular 

LTiriv  logctber,  with  tlie  sarcolerama,  or  sheath  of  the  fibres  themselves.     If  the  gastric 

yk^di  lli#  dojT  ht>  plaeod  in  a  vessel  with  finely-ebo|»ptd  lean  meat  and  bo  kept  in  contact 

^  ^  t  from  -SO"  to  100''  Fahr.,  agitating  the  vessel  occasionally 

I  J,  every  particle  of  the  meat  to  its  action,  the  tiltered  fluid 

valbtfiTiuid  increased  in  density,  it$  acidity  diminished,  and  presenting  all  the  evidences 

if  laTtag  dissolved  a  eoniwderablc  portion  of  the  tissue.     There  always,  however,  will 

^mtm  a  ccctaiti  portion  which  has  not  been  dissolved.     Its  constitution  is  nevertheless 

latvially  changed  ;  for  it  no  longer  possesses  tho  ordinary  character  of  muscular  tissue, 

kl mQy  Vfeaks  down  between  the  Angers  into  a  pultaceuus  m.^ss.     On  subjecting  this 


rrnH^* 


'^■ua^ytifig  bceD  dissolved. 


iition,  it  is  found  not  to  contain  any  of  tlie  white  inelastic 
I.ir  tissue,  although  presenting  the  wcU-marked  and  ohor- 
•  short  pieces  and  possess  very  little  tenacity.  It  is  cvi- 
ince  which  remains;  the  connective  tissue  and  tlie  sarco- 
These  facts  we  have  repeatedly  noted,  and,  even  on  adding 
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fVesh  juice  to  the  undigested  matter,  ^ve  have  been  onable  to  dissolve  it  lo  any  considerable 
extent,  the  residue  not  being  senBibly  diniinbhed  in  quantity,  and  the  muscular  substane 
iiiways  presentdug  its  characteristic  stria^^  on  microscopical  examination. 

Although  it  IS  stated  by  many,  in  a  general  way,  that  the  nitrogenized  aliinenta 
principles  are  digested  by  the  gastric  juice,  a  review  of  actual  ejcperiment^  will  show  tha 
the  digestion  of  meat  in  the  etomach  is  8ub«tantiftlly  such  as  we  Jiave  just  indicat 
lieaumont,  in  his  experiments  on  artificial  digestion,  while  be  frequently  states  that  tha 
meat  is  completely  digested,  describes  the  mixture,  alter  a  digestion  of  eight  or  nine  hours,] 
as  about  the  color  of  whey  and  depositing  a  fineaeiliment  of  a  reddish  color  after  standing 
for  a  few  minutes*    In  no  case  does  he  distinctly  state  that  meat  is  ever  completely  di^l 
Rolved,     Pappenheim  examined  animal  matters,  especially  muscular  tissue,  in  variooi 
stages  of  digestion  by  the  gastric  jaice,  and  noted  the  disintegration  of  tlie  ti^ue  and 
division  of  the  raa*icular  fibres  into  fra-fments,  bnt  not  the  solution  of  the  true  muscular  J 
substance,     Biirdach  describes  the  digestion  of  meat  as  consisting  in  the  solution  of  it9| 
oellular  tissue,  which  is  dissolved^  first  separating  tlie  muscular  fibres^  and  tinally  being 
converted  into  a  pnltnceous  mas3»  more  or  less  brown.     The  same  facts,  essentially,  hayo| 
been  noted  by  Bernard  in  experiments  with  the  gastric  juice  of  different  animals,     Thii 
observer  has  found  tluit  the  fluid  from  the  stomach  of  the  rabbit  or  the  horse  is  mno 
inferior,  as  regards  the  activity  of  its  action  upon  meat,  to  the  gastric  juice  of  the  do 
Re  compares  the  disintegrating  process  which  takes  place  in  the  stomach  to  the  actioaj 
of  boiling  water  in  cooking. 
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Fw,  Bi. — Matt4ii'»  tak4n  J)f*otn  th^  pf/t^He  portion  of  the  ntomaeh  of  a  dog  during  digittHim  oj  mi^nl  jottti, 

(liernard.) 
rt^  dlslntegRited  moKi'iibr  01tre«.  llie  stria*  hArtnir  dl*app<:iin>d ;  b,  c,  rousculw  flbfpi,  In  -which  ihe  nitia?  have  i«irl)jr  I 
illMttiM^jiml ;  (/^  d,  </,  glubalea  vthti;  «, «,  ^  tUrch ;  (f^  molecultr  gnaul«i«  ' 


TTIiether  the  gastric  juice  be  entirely  incapable  of  acting  upon  the  muscular  substance  I 
t)r  not^  the  above-mentioned  facts  clearly  show  that  muscular  tissue  is  usually  not  com- 
pletciy  digested  in  the  stomach.  The  action  in  this  organ  is  to  dissolve  out  the  inter- 
muscular tibrous  tissue  and  the  sarcolerama,  i»r  sheath  of  the  muscular  fibres,  setting  the 
true  muscular  substance  free  and  breaking  it  up  into  small  particles.  The  mass  of  tissue 
is  thus  reduced  to  the  condition  of  a  thin,  pidtnceons  fluid,  whicli  passes  into  the  small 
intestine,  where  the  process  of  digestion  is  eom|>leted.  As  far  as  a  great  part  of  the  truo 
mnscnlar  substance  is  concerned,  the  action  in  the  stomach  is  preparatary  axid  not  fintd. 
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The  confltitnents  of  the  blood  (albumen,  corpuscles,  etc.),  which  may  be  introduced 
in  snudl  qaantity  in  connection  with  muscular  tissue,  are  probably  completely  dissolved 
in  the  stomach. 

Action  upon  Albumen,  Fibrin,,  Canine,  and  Oelatine. — Dr.  Beaumont  thought  that 
raw  albumen,  or  white  of  egg,  became  first  coagulated  in  the  stomach  and  was  afterward 
dissolved ;  but  this  has  been  disproved  by  numerous  other  observers,  who,  however,  have 
experimented  chiefly  on  dogs.  Reference  to  the  experiments  of  Beaumont  will  show  that 
the  phenomena  which  he  described  as  taking  place  in  a  mixture  of  equal  parts  of  white 
of  egg  and  gajstric  juice,  kept  at  the  temperature  of  the  body  for  three  hours,  do  not  really 
indicate  coagulation.  He  states  that  ^^  in  ten  or  fifteen  minutes,  small,  white  fiocculi  began 
to  appear,  floating  about;  and  the  mixture  became  of  an  opaque  and  whitish  appearance. 
This  continued  alowly  and  uniformly  to  increase  for  three  hours,  at  which  time  the  fluid 
had  become  of  a  milky  appearance ;  the  small  flocculi,  or  loose  coagula,  had  mostly  dis- 
appeared, and  a  light-colored  sediment  subsided  to  the  bottom."  If  white  of  egg  be  mixed 
with  equal  parts  of  pure  water  and  be  gently  stirred  with  a  glass  rod,  the  same  small, 
white  flocculi  will  make  their  appearance,  and  the  mixture  will  become  opaque  and 
whitish.  This  is  due  to  the  disengagement  of  shreds  of  the  membranes  in  which  the 
dear  albumen  is  contained ;  these  being  invisible  in  pure  white  of  egg,  from  the  fact  that 
the  two  substances  have  the  same  refractive  power.  A  very  dilFerent  appearance  is 
presented  when  water  contiuning  even  a  small  qiiantity  of  nitric  acid  is  added  to  a  liquid 
ecmtainlng  albumen.  True  coagulation  then  takes  place,  and  the  mixture  becomes  imme- 
diately filled  with  large,  dense  clots ;  or  the  mass  may  become  nearly  solidified,  if  the  acid 
be  added  in  suflicient  quantity.  Longet  and  Schiff  iiyected  a  filtered  watery  mixture  of 
albumen  into  the  stomach  of  a  dog  through  a  fistulous  opening  and  found  that  no  coagu- 
Iitiun  took  place. 

The  action  of  the  gastric  juice  upon  uncooked  white  of  egg  is  to  disintegrate  its 
itrncture,  separating  and  finally  dissolving  the  membranous  sacs  in  which  the  pure 
albumen  is  contained.  It  also  acts  upon  the  albumen  itself,  forming  a  new  fluid  substance, 
called  albuminose,  or  albumen-peptone,  which,  unlike  albumen,  is  not  coagulated  by  heat 
or  acids,  but  is  precipitated  by  alcohol,  tannin,  and  many  of  the  metallic  salts. 

The  di;restion  of  raw  or  iiHperfectly-coagulated  albumen  takes  place  with  considerable 
rapidity  in  the  stomach.  Beaumont  gave  St.  Martin  the  white  of  two  eggs  when  the 
rti»mach  was  empty  and  found  that  it  had  been  completely  disposed  of  in  an  hour  and  ^ 
half.  The  digestion  of  albumen  in  this  form  is  more  rapid  than  when  it  has  been  com- 
pletely coagulated  by  heat. 

Coagulated  white  of  egg  is  almost  if  not  entirely  dissolved  by  the  gastric  juice.  If  a 
cabe  of  albumen  in  this  condition  be  subjected  to  the  action  of  the  gastric  juice  at  the 
temperature  of  the  body,  taking  care  to  agitate  it  occasionally,  the  edges  and  corners 
gra'lually  become  rounded,  and  nearly  the  whole  mass  finally  breaks  down  and  is  dissolved, 
baring  previously  become  softened  so  that  it  may  be  easily  crushed  between  the  fingers. 
Usaally,  one  or  two  points  appear  in  the  mass,  which  are  acted  upon  with  ditficulty  or 
maj  resist  solution  entirely.  It  is  a  matter  of  common  as  well  as  scientific  observation, 
tlat  eggs  when  hard-boiled  are  less  easily  digested  than  when  they  are  soft-boiled  or  raw. 
The  products  of  the  digestion  of  raw  or  of  coatrulated  albumen  (all)umen-peptone) 
»re  essentially  the  same.  It  is  probable  that  the  entire  process  of  digestion  and  absorp- 
ti*>n  of  albumen  takes  place  in  the  stomach,  and,  if  any  pass  out  of  the  pylorus,  the 
<)3^tity  is  exceedingly  small. 

Fibrin,  as  distinguished  from  the  so-called  fibrin  of  the  muscular  tissue,  or  musculine, 
is  not  a  very  important  article  of  diet.  The  action  of  the  gastric  juice  uj)on  it  is  more 
fapid  and  complete  than  upon  albumen.  Tlie  well-known  action  upon  fibrin  of  water 
slisrhtly  acidulated  with  hydrochloric  acid  has  led  some  physiologists  to  assume  that  tho 
»cid  is  the  only  constituent  in  the  gastric  juice  necessary  to  the  digestion  of  this  principle ; 
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but  careful  observations  on  the  comparative  action  of  acidulated  water  and  of  artificial 
or  natural  gastric  juioo  sbow  tbat  the  presence  of  the  organic  matter  is  necessary  to 
the  digestion  of  this  as  well  as  of  other  nitrogenized  alimentary  principles.  The  action  of 
water  containing  a  small  proportion  of  acid  is  to  render  fibrin  soft  and  transparent,  fre- 
quently giving  to  the  entire  mass  a  jelly-like  consistence.  The  result  of  the  digestion  of 
fibrin  in  the  gastric  juice,  or  in  an  acidulated  fluid  to  which  pepsin  has  been  added,  is 
its  complete  solution  and  transformation  into  a  substance  which  is  not  affected  by  heat, 
acids,  or  by  rennet. 

The  substance  resulting  from  the  action  of  gastric  juice  upon  fibrin,  called  by  Leb- 
mann,  fibrin-peptone,  presents  many  points  of  similarity  with  the  albumen-peptone,  but 
nevertheless  has  certain  distinctive  characters.  Lehmann,  indeed,  supposes  that  there  are- 
differences  between  the  products  of  the  digestion  of  all  the  various  nitrogenized  aliment- 
ary principles,  suflBciently  well  marked  to  distinguish  them  from  each  other. 

Liquid  caseino  is  immediately  coagulated  by  the  gastric  juice,  by  virtue  both  of  the 
free  acid  and  the  organic  matter.  Once  coagulated,  caseine  is  acted  upon  in  the  same 
way  as  coagulated  albumen.  The  caseine  which  is  taken  as  an  ingredient  of  cheese  is 
digested  in  the  same  way.  According  to  Lehmann,  coagulated  caseine  requires  a  longer 
time  for  its  solution  in  the  stomach  than  most  other  nitrogenized  substances ;  and  it  is 
stated  by  the  same  author,  on  the  authority  of  Elsfisser,  that  the  caseine  of  human  milk, 
which  coagulates  only  into  a  sort  of  jelly,  is  more  easily  digested  than  caseine  from  cow's 
milk.  The  product  of  the  digestion  of  caseine  is  a  soluble  substance,  not  coagulable  by 
heat  or  the  acids,  called  by  Lehmann,  caseine-peptone. 

Gelatine  is  rapidly  dissolved  in  the  gastric  juice,  when  it  loses  the  characters  by 
which  it  is  ordinarily  recognized,  and  no  longer  forms  a  jelly  on  cooling.  This  substance 
is  much  more  rapidly  disposed  of  than  the  tissues  from  which  it  is  formed,  and  the  prod- 
ucts of  its  digestion  in  the  gastric  juice  resemble  the  substances  resulting  from  tlie  di- 
gestion of  the  albuminoids  generally. 

Action  on  Vegetalle  Kitrogcnized  Princijfles. — These  principles,  of  which  gluten  may 
be  taken  as  the  type,  undoubtedly  are  chiefly,  if  not  entirely  digested  in  the  stomach. 
Raw  plnten  is  acted  upon  very  much  in  the  same  way  as  fibrin,  and  cooked  gluten  be- 
haves like  coagulated  albumen.  Vegetable  articles  of  food  generally  contain  gluten  in 
greater  or  less  quantity,  or  principles  resembling  it,  as  well  as  various  non-nitrogenized 
princij)les,  and  cellulose.  The  fact  that  those  articles  are  not  easily  attacked  in  any  por- 
tion of  the  alimentary  canal,  unless  they  have  been  well  comminuted  in  the  mouth,  is 
shown  by  the  passajre  of  grains  of  corn,  beans,  etc.,  in  the  fa?ces.  When  properly  pre- 
pared by  mastication  and  insalivation,  the  action  of  the  gastric  juice  is  to  disintegrate 
them,  dissolving  out  tlie  nitrogenized  princii>les,  freeing  the  starch  and  other  matters  so 
that  they  may  be  more  easily  acted  upon  in  the  intestines,  and  leaving  the  hard,  indi- 
gestible matters,  such  as  cellulose,  to  pass  away  in  the  faeces.  The  nitrogenized  portions 
of  bread  are  probably  acted  upon  in  the  stomach  in  the  same  way  and  to  the  same  ex- 
tent as  albumen,  fibrin,  and  caseine. 

AIbumi?iose,  or  P€2^tones. 

Tlio  product  or  the  sum  of  the  ])roducts  of  the  digestion  of  nitrogenized  alimentary 
principles  in  the  stumach  was  first  closely  studied  by  Mialhe,  who  regarded  the  action 
of  the  gastric  juice  on  all  principles  of  this  class  as  resulting  in  their  transformation  into 
a  new  substance  wliicli  he  called  albuminosc.  Lelimann  has  since  investigated  the  prin- 
ciples resulting  from  tlie  action  of  the  pastric  juice  on  various  nitrogenized  matters  and 
describes  tlieiu  under  the  name  of  pe])tones.  It  has  been  conclusively  shown  that  stom- 
ach-di;restion  is  not  merely  a  soluti()n  of  certain  alimentary  principles,  but  that  these 
substances  underg«)  very  marked  changes  and  lose  the  properties  by  which  they  are  gen- 
erally recognized.     That  the  diff'erent  principles  resulting  from  this  transformation  re- 
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other  vory  closely  is  also  andoabted  ;  but  there  ure  difTerences  In  tbe  chenii- 
«^  fonposllJOQ  of  tLw  jiroducts  of  digestion  of  different  principles,  aa  well  as  differences, 
vUeti  l«f«  lately  been  uoud,  as  ^egurds^  their  behavior  with  nitigents. 

AJbraiitiuso  is  n  colorless  liquid,  with  a  feeble  odor  reeenibliiig  that  of  moat.  It  la 
•ot  otM^n)^l<^  ^^T  **^^  acids,  or  by  pepsin ;  &  property  which  distingiiishes  it  from  almost 
tf  uC  tU^  nttrogeniied  principles  of  food.  It  i^  conguhited,  however,  by  uiitny  of  the 
•wiitMli^w  «Jta,  by  chlorine,  and  hy  ti  solution  of  tannin,  after  it  haa  been  acidulated  by 
«itrid  0eid«  On  oraporating  aJhiiminose  to  dryness  the  reHiduo  consists  of  a  ydlowish- 
vliite  9ttb«tanco  i»g  dc-siccuted  white  of  egg.     Thia  is  soluble  in  water,  when  it 

iifril»  lt§  eharji  [roportie?* ;  but  it  is  entirely  insoluble  in  alcohol. 

Lehtnmtin  found  a  great  similarity  butwoen  tho  substances  resulting  from  the  digestion 
uf  if,,.  v:s-i^ko*  albominoid  bodies,  and  even  those  produced  by  the  digestion  of  gluten, 
cJi  and  gelatinous  tissues.     He  was  unable  to  obtain  the  peptones  free  from  min- 

tnu  .^u :»,!  uicea.  In  the  condition  of  greatest  purity  in  which  they  have  been  obtained, 
Ibty  lia^e  boea  found  to  be  white,  amorphous,  odorless,  with  a  mucous  taste,  very  solu- 
Um  m  water,  and  in^oliilde  in  alcohol  Their  watery  solutions  redden  litmus.  They 
MSibIno  reftclily  with  bases,  forming  neutral  salts  soluble  in  water.  The  differences  be* 
twmik  tbe  variitus  peptones  are  not  as  yet  very  well  defined.  Lehniann  states  that  they 
Alwtjrm  ooiitain  tbe  ^ame  proportion  of  sulphur  that  existed  in  the  albuminoid  substances 
^om  wliieli  they  are  formed.  Accx)rding  to  this  obsorver,  the  gastric  juice  transforms  the 
wrnka^  nitrogenized  alimentary  principles  into  these  liquid  substances,  which  are  not  easily 
C9afiilji.hJe  and  which  present  slight  differences  in  chemicid  composition  and  general  l>rop- 
«1ltft|  ▼aryiog  witli  the  principles  from  which  they  are  formed.  Those  which  have  b^^en 
■Oil  (i«9iieular]y  described  are  fibrin-peptone,  alburuen-peptone,  and  caseine-peptone. 

rt  knowledge  which  we  have  of  the  properties  of  alliuminose, 

t:  I  digestion,  aside  from  its  function  in  preparing  certain  arHeles 

the  action  of  the  intestinal  fluids,  does  not  simply  hquefy  certain  of  the  alimentary 

I'  irilrs,  bat  changes  them  in  such  a  way  as  to  render  them  ondosmotio  and  provides 

the  coa^rulation  which  is  so  readily  induced  in  ordinary  nitrogenizod  bodies. 

ii^  passes  through  membranes  with  great  facility,  and,  as  wo  have  seen,  is  not 

'♦y  heat  or  tbe  acids. 

\  the  most  important  and  the  essential  change  which  is  exerted  by  tlie  gastric 

tlip  albuminoids,  is  that  by  which  they  are  rendered  capable  of  assimilation 

Tor  their  absorption.     The  important  fact  that  pure  albumen  and  gela- 

ted  into  the  blorHl,  are  not  assifii liable,  but  are  rejected  by  the  kidneys, 

-t  demonstrated  by  Bernard  and  BarreswiK     These  observers  found,  nlso^  that  nlba- 

ui  gelatine  which  had  previously  been  digested  in  gastric  juice  were  assimilated  in 

tet  way  as  though  they  had  penetrated  by  the  natural  process  of  abs^jrption  from 

•  :iry  canal.     The  same  is  true  of  caseine  and  fibrin.    These  facts,  showing  that 

!U(re  is  necessary  in  storaach-digestion  than  mere  solution,  point  to  pepsin  as 

in  producing  the  peculiar  modifications  so  necessary  to 

zed  alimentary  substances.    The  action  which  takes  placo 

riJy  termed  cat.nl y tic,  in  which  the  pepsin,  acting  as  a  ferment,  in- 

-  ,-   -  -_r  changes.    They  are,  however,  an  essential  and  the  most  important 

list  t^  ill*  actioo  of  the  gastric  juice,  and  the  transformation  into  al bum i nose  takes 
lliot  la  aJt  r  '  ^  "  -  tTcd  principles  which  are  liquefied  in  the  stomach.  As  it  is  impossible 
fcf  twt»  mt  osses  to  take  place  at  the  same  time  in  any  single  organic  substance. 

tlm*  r  wars  overcoming  and  taking  the  place  of  the  weaker,  it  is  evident 

lliti  »i  ''d  t>rinciple^  in  process  of  decomposition  are  introduced  into  the 

ilotai.  'CSS  of  putrefaetion  must  cease  when  the  changes  which  occur 

k^  '  ished.     This  explains  the  antiseptic  properties  of  the  gastric 

}i^aod  the  frcqnent  innocnonsness  of  animal  substances  in  various  stages  of  decom- 
i»Tiln,m  tr^hen  taken  into  tbe  stomach. 
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Action  of  the  Gtutric  Jmee  on  Fats^  Sugar*,  and  Am^laeeom  S^hstanees. — Beaumont] 
does  Dot  say  inucli  witli  re^'ard  to  the  cljange^*  which  fatty  $ubfttanct?d  undergo  in  the  stoio- 
nch,  except  that  they  artj  **  digested  with  great  difficulty/'     All  the  recent  ohscrTtitioQ*  I 
on  this  subject  sliovs^  that  these  priuciplos*^  when  takea  in  the  condition  of  oil^  pass  c»uV| 
nt  the  pyioruai  unchanged.     Must  of  tlie  fatty  eunstituents  of  the  food  are  liquefied  at  thfti 
teaiperaturo  of  the  body ;  and,  w  hen  taken  iu  the  form  of  adipose  tissue,  the  little  vea- 
cles  in  which  the  oleaginous  matter  is  contained  are  dissolved,  the  fat  is  set  free  amli 
melti^d^  and  floats  in  the  form  of  great  drops  of  oil  on  the  alimentary  mass.    The  actio 
of  the  stomach,  then,  seems  to  be  to  prepare  the  fats  for  digestion,  chiefly  by  dissolving  J 
llio  adipo&e  vesicles,  for  the  complete  digestion  which  takes  place  in  the  small  in^ 
testine. 

The  varieties  of  sugar  of  which  glucose  is  tlie  type  undergo  little  if  any  change  iul 
digestion  and  are  probably  for  the  most  part  directly  absorbed  by  the  mucous  membrane] 
of  the  stomach.     This  is  not  the  case,  however,  with  tlie  varieties  of  sugar  classed  with  j 
cane-sugjir.     It  has  been  shown  that  cane-sugar  injected  into  the  veins  of  a  living  flnimall 
la  not  assimilated  by  the  system  but  ia  immediately  rejected  by  the  kidneys.     When,! 
however,  it  has  been  changed  into  glucose  by  the  action  of  a  dihitc  acid  or  l>y  digeationl 
in  the  gsstnc  juice,  it  no  longer  behaves  as  a  foreign  substance  and  dOes  not  appear  in  tl>o 
urine.     This  leads  to  a  couisideration  of  the  changes  which  cane-sngar  undergoes  in  the 
stomach.     Experiments  have  shown  that  this  variity  of  sugar,  ai'ter  being  digested  for 
several  hours  in  the  gastric  joicc,  is  slowly  converted  into  glucose.     This  action  doe«  not 
depend  upon  auy  constituent  of  the  gastric  juice  except  the  free  acid ;  and  an  exceedingly  | 
dilute  mixture  of  hydrochloric  acid  had  an  equally  marked  eflect.    Exirorinicnte  in  arti-  I 
ficial  digestion  have  shown  that  cane-sugar  is  transformed  into  glucose  by  the  gafltrie  i 
Juice  very  slowly,  the  action  of  this  fluid  in  no  way  dilltring  from  that  of  very  dilute  | 
acids.     In  the  natural  process  of  digestion^  this  action  may  lake  place  to  a  certain  ei* 
tent ;  but  it  is  not  shown  to  be  constant  or  important,  and  we  must  look  to  intesttniil  di-  ! 
gestion  for  the  rapid  and  eflicient  transformation  of  cane-stigiir. 

The  action  of  gastric  juice,  unmixed  with  salivo»  upon  starch  is  entirely  negative,  &a 
far  as  any  transformation  into  sugar  is  concerned.  When  the  starch  is  enclosed  in  vege- 
table cells,  it  is  set  free  by  the  action  of  the  gastric  juice  upon  the  nitrogenired  parts. 
Raw  starch,  in  the  form  t>f  granules,  becomes  hydrated  in  the  stomach,  on  account  of 
the  elevated  temperature  and  the  acidity  of  the  contents  of  the  organ.  This  is  not  the 
form,  however,  in  which  starch  is  generally  taken  by  the  human  subject ;  but  when  it  ia 
80  taken,  the  stomach  evidently  assists  in  preparing  it  for  the  more  complete  praccsscs 
of  digestion  which  are  to  take  place  in  the  small  intestine. 

Cooked  or  hydrated  starch,  the  form  in  wliicij  it  exists  in  bread,  farinaceous  prepflra- 
tions  generally,  and  ordinary  vegetables,  is  not  affected  by  the  pure  gastric  juice  oYid 
passes  out  at  the  pylorus  unchanged*  It  must  bo  remembered,  however,  that  the  gastric 
juice  does  not  prevent  a  continuance  of  the  action  induced  by  the  saliva;  and  experi- 
ments have  shown  that  gastric  juice  taken  from  the  stomach,  when  it  contains  a  notiihle 
quantity  of  saliva,  has,  to  a  certain  extent,  the  power  of  transforming  starch  into  augar* 
It  has  already  been  remarked  that,  with  regard  to  this  question,  experiments  on  dogis,  as 
these  animals  do  not  naturally  take  starch  as  food,  do  not  correspond  with  obstTvationa 
on  the  human  subject. 

Tlie  changes  which  vegetable  acids  and  salts,  the  various  inorganic  constituent*  of 
food,  and  the  liquids  w^hich  come  under  the  head  of  drinks  undergo  in  the  stomach  are 
very  slight*  Most  of  these  principles  can  hardly  be  said  to  be  digested  ;  for  they  are 
eitlier  liquid  or  in  solution  in  water  and  are  capable  of  direct  absorption  and  assimila- 
tion. Witli  regard  to  most  of  the  inorganic  salt^i,  they  eitlicr  exist  in  small  quantity  ia 
the  ordinary  water  taken  as  drink  or  are  united  with  organic  nitrogenized  principles. 
In  the  latter  case,  they  become  intimately  combined  with  the  organic  principles  result- 
ing from  stomach-digestion.     We  have  already  seen  that  the  various  peptones  have  been 
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^mad  to  CKMitolli  this  same  inorg&nio  ooustitiients  wMch  ejnsrted  in  the  nttrogcaizcd  prtn- 
d^lci  horn  winch  Iher  are  fnrined, 

SoaM»  ditetuBion  Ims  arisen  with  regartl  to  tbe  action  of  the  flaids  of  the  stomaeh  upcin 
liie  |ilio«pbfite  mid  the  carbonate  of  11  mc^  salU  M^hicli  are  considered  nearly  if  not  en- 
UffHf  iBiolQliIc,  Tbo  action  npoo  these  principles  is  interesting,  as  they  are  e«senttai 
fWHtitnaatg  of  Ute  osseoos  tisanes.  Observations  in  both  natural  and  iirtiflcial  digestion 
Tare  abaWB  tiiat  the  calcareons  constituents  of  bono  Bre^  to  a  certain  extent,  dii*solvcd 
l3  the  gastrw?  juice.  Bones  are  digested  to  a  considerable  extent  in  the  stomuch^  aitbou^^h 
tb^ffv  -ooph  the  alimentary  canal  and  is  discbftrged  uncban^ed  in  the 

fseea.  wn  tbis  to  bo  true  in  the  human  subject  by  experiirHTits  wliicli 

k*  |hiffarmedf  out  of  tlio  bi>dy^  with  gastric  juice  taken  from  St.  Martin.  In  these  ob- 
torvtionfl,  after  a  certain  portion  of  the  bono  had  been  dissolved,  the  action  wae  in- 
itMaed  bjr  tbo  addition  of  fresh  gastric  jnice.  In  the  nAtuml  process  of  dri?estion»  llio 
of  the  calcaxeoua  elements  of  bone  is  more  rapid  tban  in  artificial  djjtestlon, 
I  tlie  fiiict  that  the  juice  is  being  continually  absorbed  and  secreted  onew  by  the  mu- 

I  UMmbrane  of  the  stomach. 


Duration  of  Stomach-DlgtUlon, 

Koir  that  the  relative  importance  of  the  stomflch  and  the  small  intestines  in  digestion 
ttqiore  ftiUy  understood,  less  interest  is  attached  to  the  length  of  time  required  for  tbo 
M&tm  of  the  gastric  juico  upon  different  articles  of  food  than  formerly,  when  the  stom- 
H  regarded  as  the  principal,  if  nut  the  sole  digestive  organ.  It  was  thought  at 
i©  tliot  the  food  wa«  converted  in  the  stumacb  into  a  imltaceous  mass  called  chyme, 
vlueii  passed  iuto  the  intesline^  where  the  assimilable  jiortion,  the  chyle,  was  separftted 
nd  absorbed  by  the  lacteals.  Beaumont^  in  preparing  the  elaborate  table  which  has 
Imvh  jm>  tutich  quoted,  conceived  that  the  simple  action  of  the  gastric  juice  represented 
Ui« ek»ef  f>art  of  the  digestive  process;  and  that  it  was  pt>asible,  from  experiments  with 
t^  da}d«  to  ascertain  the  digestibility  of  ditfercnt  articles.  From  this  point  of  view,  he 
rcprdod  fatty  substances,  which  are  now  known  to  be  digested  esdusively  in  the  small 
ip!e*fiji<?«,  Ed  re^^iuLring  a  very  long  time  for  their  digestion, 

'  r,  tcT^tanding,  as  wo  do,  that  comparatively  few  articles,  and  these  belonging  exclu- 
;  to  the  class  of  organic  nitrogenized  principles,  are  completely  dissolved  in  the 
fioiBacb,  \l  is  evident  that  the  length  of  time  during  which  food  remains  in  this  organ,  or 
tU  tiaio  occupied  in  the  solution  of  food  by  gastric  juice,  out  of  the  body,  does  not  rep- 
reivof  ll»e  absolute  digestibility  of  ditferent  articles.  It  is,  nevertheless,  an  interesting  and 
abiportaia  i  to  ascertain,  as  nearly  as  possible,  the  duration  of  stomach-digestion. 

Then?  L  y  never  been  presented  so  favorable  an  opportunity  for  detL'rmining 

thedvmtkm  ♦if  aoniach-dige^tion  as  in  the  ca^jc  of  St.  Martin,  From  a  great  number 
•f  obtcrrations  made  on  digestion  in  the  stomach  itself,  lleaumont  came  to  tlie  con* 
dukm  tiiat  ''^the  time  ordinarily  required  for  the  disposal  of  a  moderate  meal  of  tha 
SWooi  parta  of  meat,  with  bread,  et^,,  is  three  to  three  and  a  half  hours.'"  The  obser- 
TsSioiw  of  Prof.  F.  G,  Smith,  made  upon  St,  Martin  many  years  later,  give  two  hours  as 
iWlciQ^isst  time  that  iiHments  remained  in  the  stomach.  In  a  remarkable  case  of  intes* 
tttal  flstulAi  reported  by  Prof.  Hugch,  of  Bonn,  it  was  noted  that  food  began  to  pass  out 
tf  tKe  sti^enacb  into  the  intestines  titleen  minutes  alter  its  ingestion  and  continued  to 
\ltmiiM  three  or  four  hours,  until  the  stomach  was  emptied, 

t?ndoiiIftediy,  the  duration  of  stomach-digestion  varies  in  different  individnals  and  is 
inaflt  ^b  iH^fidcnt  upon  the  kind  and  quantity  of  food  taken,  conditions  of  the  nervous 
tfBUfL  ,  etc.    As  a  mere  opproxiraation,  the  average  time  that  food  remains  in 

tb*  itv^i,.,.  ..  .>.  ^*  r  an  ordinary  meal  mi^Y  be  stated  to  be  from  two  to  fonr  hours. 

IHgeti^mt^  of  iJiffertnt  AlimtnU  in  th^  Stomach, — We  are  indebted  to  Beaumont 
fooMfij  all  that  is  positively  known  regarding  the  facility  with  which  ditferent  nrtlclea 
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are  disposed  of  ia  the  Btomacb.    While  it  i»  ftiUy  understood  that  moat  of  the  stibst^ance 
experimented  upon  by  hiiii  are  not  completely  digested  by  the  gastric  juice,  «aid  althou^lt 
be  was  often  wrong  in  assuming  that  articles  of  food  were  digested  wlien  they  ha«l  not? 
become  compieteiy  liquefied  and  consequently  endosmotic,  the  table  which  he  preparedl 
with  so  much  care  was  the  result  of  such  conscientious  and  eittended  researcb,  that  it] 
must  always  be  recognized  as  of  great  value.    Nearly  all  of  the  results  given  in  the  tabtal 
are  derived  from  experiments  frequently  repeated  and  "  performed  under  the  naturalljl 
healtliy  coDflilion  of  the  stomach  and  ordinary  exercise/^     They  show  the  mean  tiu 
employed  in  the  digestion,  in  the  stomachy  of  most  of  the  ordinary  articles  of  food,  in  th< 
person  of  a  healthy  young  man  of  good  digvbtive  powers.     Of  course  it  must  be  unde 
stood  that  there  are  important  peculiarities  in  dilferent  individuals,  which  could  not  h^\ 
considered.     As  many  of  the  alimentary  substances  experimented  upon  are  but  tlightlj 
acted  on  by  the  gastno  juice,  it  lias  been  thought  proper,  in  making  the  selections  from] 
the  tablet  to  discard  all  articles  which  are  mainly  digci^ted  in  the  small  intestine,! 
With  these  modifications,  therefore,  the  following  table  may  be  taken  as  representingl 
the  comparative  rapidity  with  which  most  of  the  ordinary  nitrogenized  articles  are  acted  J 
upon  in  the  stomach ;  they  being  either  completely  dissolved,  and  probably  directly  ab-l 
&orbed  by  its  mucous  membrane,  or  preparetl  for  the  action  of  the  intestinal  fiuids,  passing! 
gradually  out  at  the  pylorus.     It  must  be  remembered,  however,  that  slow  digestion  doeil 
not  always  indicate  that  the  process  is  difficulty  and  tlie  action  of  the  gastric  fluids  upon  j 
mjmy  articles  which  apparently  give  no  trouble  in  digestion  is  by  no  means  rapid. 


Table  showing  the  Dige$tibiUty  of  lumoits  Alimentari/  Substances  in  the     _ 

Stomach.     (Beaumont*)  I 


Aitiitbi  at  DM. 


Mtlk, 

do. 

Bir^Sf  fresh. .  ....,«*,..., 

do.     do. ^ 

do.     do. 

do.     rio,   

do.     <1o ,..,,,.... 

do.     do ,...- 

Cu«tard 

Codflcti,  cared  dry . . .  ,4. . 
Troutt  ealinoii,  frfsb..,. 

do.  lid.  do.  .;.. 
Biss.  ftrlpcd,  do.  ,4^ 
FJuiiDdur,  do,  ..*. 

C«tOi»h,  do.  .... 

HuLniuQ,  euUed....  

Oyeti^re,  fresh,, 

do.       do.  .. , 

do.       do.  ..,...,.-.. 

Yculftou  f  teak ^. 

Pt^,  Buclclnj;. 

Lftmb.  freih., 

Bvef.  freih,  lean,  nure.,* 

Ik'er-eiuAk 

Beef,  fro*h,  lenn,  drj . . . . 

do.    w  Lth  ntufttn  rd,  «to . 

do.  wUh  Bnltonly...... 

do 

Mntton^  frei^h. ,,,. 

do,        do .*.. 

Veal,  ffwh,, 

do.      do 

Pork,  ftottk,, .,,,, 

do.     fiit  and  loAti ,. 

do.  reeeaily  aftltod.... 
do.  do. 
do.  d*». 
do.  d<i, 
do.  do, 
Turkey,  wild..,. ., 

do.     douieflticatcd... 

do.  do.        , . . 

Ooo»o,  wild..., *......,, 


Mod*  til  Fnptai^ 

u 

Boiled 

aoo 

lUw 

215 

do. 

S'OO 

1^^ 

1  «0 
215 

Soft-boiled 

8*00 

Hftrd-boUcd 

sao 

FHed 

839 

R»ktid 

8-45 

Bollc^t 

aoo 

do, 

lao 

Fried 

1-80 

BrolW 

800 

Frk-d 

8-80 

do. 

aao 

BoUcd 

4  00 

Raw 

«S5 

RoaHted 

a- 15 

8ti.*w»jd 

8-80 

Broiled 

1-85 

HoMtod 

880 

Broiled 

sao 

RoMted 

BOO 

Broltod 

8*00 

RoMbod 

8-.30 

Boiled 

8- JO    1 

do. 

a'a<$ 

FriwI 

400 

Broiled 

BOO 

Boiled 

800 

Roa-»ted 

aift 

Bitiilod 

4  00 

Fried 

4  m 

Broiled 

8-Jft 

BoA«tcd 

ft- 15 

Rnw 

800 

Stewed 

aw 

Broiled 

815 

Fried 

4*15 

Boiled 

480 

RoftRted 

a*is 

Boiled 

rss 

Boasted 

8*80 

do. 

880 

AnklM  of  l)l««. 


lloil*  orFivp«r»- 


ChickCQ,  full  grown....*...  KHcetieed 

Fowls,  domeattc ,....'  Boiled 

do.           do , Kooeled 

Dacks,  doujuBticaicd do, 

do,     wild .,:  rto* 

Soup,  hnrley... BoUod 

du.      benn * do. 

do,      chicken.... do, 

do.     nmttoD,,,,.,..- do. 

do.      oy»ler. dn. 

do,      beef,     Teffetablef,  *  ,,^ 

end  bread f  ^ 

do.      marrow-booc»,.,, ..  do, 

Pik'f *  feet,  eoii#ed , ,  1  do. 

TripLs            do.    .,-,...,„ I  do. 

Brnliiii.  snlmiil,.,,... dov 

8»tufil  niiirrow,  eidmal den 

Uf er,  bei'Vo«\  fresh .,  Prri)k*d 

ApoDearo»i^, flolk'd 

Heart,  Auinuil. . . , Fried 

Cartilage Boiled 

Teadon do, 

Haih,  meat  and  vej^tllbJe*.  Warmed 

SaR«Hj;;e,  rWrAh.,., Broiled 

Oelatiiio... B^iiUd 

Chei*«?,  old,  etrong '  Itaw 

6 roen  corn  a ud  bcant .,.../  Boiled 

Hraiii!),  piMl I  do. 

Pan«iiip§ ...,., ...►.[  do. 

Potatoes,  IrUh Road  I ed 

do.        do. .,..,..  Bakt'cl 

do.        do. I  B.dhd 

Cabbage,  bend |  Haw 

do.        do,  with  rluQciir  do. 

do,        do Boiled 

Camtt,  or'inge do. 

Turnlpp,  dat do, 

Bff'lA do. 

Brfnd^corn  — .,,,,...,.,,  Baked 

do.     wheat,  freeh ..,  do. 

A  pplod,  » weet ,  m  ello w Raw 

da     »our,       do do* 

do.       do,     tinrd.,..,,.,  do. 


a 


400 


800 
t*0O 


CIRCUMSTANCES  WHICn  INFLUENCE  STOMACH-DIGESTION.      S51 


of  th^  fa<^ts  recorded  in  the  above  table  are  in  accordance  with  the  pox>a1iir  ideas 

tiprliis^  *'  liility  of  varioLis  articles,  based  upon  general  experience.     With  these 

avagvMe*  ■  ''li^g  may  be  taken  as  a  ennimary  of  what  is  kno^rn  regarding  tho 

fkcUitjr  uritJi  which  difierent  articlef*  are  digj*osed  of  in  the  stomach  : 

M^Jk  b  one  of  the  articles  digested  in  the  etumach  with  greatest  ease.     lU  Lighlj-nn- 

jiruperties  and  the  variety  of  priDcipleB  which  it  coBtains  render  it  extremely  valu- 

;jrticle  of  diet,  particularly  when  the  digestive  powers  arc  impaired  and  when 

Trint  to  supply  the  Bystein  with  considerable  nutriment.    Eggs  are  likewise 

LigiJ)  iH  and  are  easily  digested*     Raw  and  &i>ft-boiled  eggs  are  more  easily 

i^lKat^  »rd-boiled.     Whipped  eggs  are  apparently  disposed  of  with  great  faciUty. 

Afl  a  mie,  tiie  tie^h  of  tisb  is  more  easily  digedted  than  that  of  the  warin-blcRxleil  animalM. 

Ofi^Af«»  ttipecially  when  raw,  are  (juite  easy  of  digestion.     The  liesh  of  manimalw  seern* 

Id  W  mur^  easily  digested  than  the  flesh  of  birds.     Of  the  diilerent  kinds  of  meat,  veni- 

•00,  kmk  beef,  and  mutton  are  easily  digested,  while  veal  and  fat  roast-pork  are  digested 

with  difficulty.    Soups  are  generally  very  easily  digested.    The  animal  subutances  which 

wfft  focnd  tn  be  digested  most  rfipiflly,   however,  were  tripe,  pigs*  feet,  and  brains. 

V<«*lftble  nrtiolf«  are  represented  in  the  table  as  being  digested  in  about  the  same  time 

'«»d ;  but  a  great  part  of  tlie  digcartion  of  thetie  Bubstances  takvs  place 

Bread  is  digested  in  about  the  time  reipired  for  the  digestion  of 

iiDarjr  meats. 


Circumstances  tehieh  if\ffuenc6  Stomach-DigeAticm, 

The  raHous  conditions  which  influence  stomacli-digestion,  except  those  which  relate 
i-ely  to  the  chnrutter  or  the  quantity  of  food,  operate  mainly  by  iutiucnciug  the 
and  quality  of  tlie  gastric  juice.  It  is  seldom,  if  ever,  that  tfan(»crntiirc  has  any 
for  the  temperature  of  the  stoniach  in  health  does  nut  present  variations  sutB- 
litBi  to  bttve  any  marked  eflfect  upon  digestion.  Experiments  in  artificial  digestion  have 
AorTQ  tliat  alimentary  substances  are  most  vigorously  acted  upon  when  maintained  in 
DCBlttct  with  gastric  juice  at  or  near  100**  Fahr. 

Ab  a  roJo,  gentle  exercise,  cor\ioined  with  repose  or  agreeable  and  tranquil  occnpation 
•Cth^  norc  favorable  to  digestion  than  absolute  rest.    Violent  exercise  or  severe 

ttcnlc  i^al  exertion  is  always  undesirable  immediately  after  the  ingestion  of  a 

lirgt '  t  food,  and,  as  a  matter  of  common  experience,  ha»  been  found  to  retard 

4i««ti  Is  if  light  and  taken  in  the  sitting  pofltare,  seems  almost  necessary  to  easy 

^ii6oci  in  tnaoy  persons ;  but  it  should  be  continued  for  only  a  few  minutes.  A  pro- 
Ui^fipd  cm!  deep  sleep  immediately  after  a  full  meal  is  almost  always  injuriout*.  and  ex- 
tnordinary  heaviness  at  that  time  is  generally  an  Indication  that  too  much  food  has  been 


Hui  ^vcU  of  ^ndden  and  considerable  loss  of  blood  upon  stomach-digestion  are  very 
tairfced*     ^  II  meal,  the  whole  alimentary  tract  is  deeply  congested,  and  this  con* 

ditiois  h  ttii':  V  necessary  to  the  secretion,  in  proper  quantity,  of  the  various  diges- 

tfift  felda.  When  th^  entire  quantity  of  blood  ia  the  economy  is  greatly  diminislied  from 
iny  CKUHt,  there  is  a  difficulty  in  supplying  the  amount  of  gastric  juice  necessary  for  a 
wry  fuQ  meal,  and  disorders  of  digestion  are  apt  to  occur,  especially  if  a  large  quantity 
if  find  have  been  t.iken.  This  is  also  true  in  inanition,  when  the  quantity  of  blood  is 
fivilly  diminished.  In  this  condition,  although  the  syetera  constantly  craves  nourisli- 
metA  lad  Ihf!  appetite  is  frequently  enormous,  food  should  be  taken  in  small  quantities  at 

Aa  A  rule,  children  and  young  persons  digest  food  whicli  is  adapted  to  them  more 
*A*3y  and  in  largir  relative  quantity  than  those  in  adult  life  or  in  old  age ;  but,  ordina- 

J  li  old  age,  the  digestive  processes  are  carried  on  with  more  vigor  and  regularity 
».^  th«  oilier  vegetative  functions,  such  as  general  assimilation,  circulation,  or  respiration. 
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Influence  of  tk§  Nereom  Sifitrm  on  the  Stomach.— It  is  well  known  that  mcnt 
eraotiona  Jreqnentlj  Imve  a  marked  inHuence  on  digestion^  and  this>  of  course,  can  uk« 
plftoo  oQjy  through  thu  nervous  system.  UI"  the  two  nerves  w  liich  are  distributed  to  th^ 
stomach,  the  ptieuniogastric  Las  been  the  more  earefullj  studied^  tjxperiments  npoii  \hi 
fkympathetic  b«in^  drlBcult  and  unsatisfactory.  Although  the  complete  history  of  tli^ 
ittHuence  of  tlie  pneuniogastrie  nerves  upon  digestion  belongs  to  the  section  on  the  neni 
system^  it  will  be  interesting  in  this  connection  to  consider  briefly  some  of  the  fact 
wliich  have  been  ascertained  with  regard  to  the  influence  which  these  nervea  exert  opoa 
the  stomach. 

After  section  of  the  pncumogastric  nerves  in  the  neck,  acts  of  deglutition  are  appar«}ot 
ly  performed,  but  the  food  usually  collects  in  and  difitcnds  the  paralyzed  ctsophagus  and 
does  Mot  pass  to  tlie  stomach.  It  is  not  surprising,  therefore^  that  the  first  experiment 
upon  the  influence  of  the  pneumogoatrics  on  digestion  should  have  been  contradictory,  »oin| 
contending  thai  section  of  the  nerves  arrested  stomaoh-dtgestion,  while  others  maintained 
that  the  uerviis  had  little  or  no  influence  upon  the  stumnch.  It  is  evident  that,  withoutJ 
an  appreciation  of  the  eflects  of  section  of  the  pne  am  Digastrics  ui»on  deglutition,  obfi^rvit.J 
tions  on  the  influence  of  their  section  npou  stomach -digestion  would  bo  of  little  value. 

The  experimenti?  of  Longet  seem  to  show  that,  while  section  of  tlie  pneumogoFtrics  in  I 
the  neck  undoubtedly  dimimshes  the  secretion  of  gastric  juice,  the  production  of  this  fluid! 
is  not  entirely  arrested.     He  states  that  in  dogs,  one  or  two  days  after  section  of  thd] 
nerves,  he  found  the  lacteals  filled  with  chyle  after  milk  had  been  passed  into  the  stom- 
ach; but  it  is  now  well  known  that  chyle  is  in  great  part,  if  not  entirely  formed  in  thdJ 
intestinal  canal,  without  the  intervention  of  the  stomach.    Another  exj^eriment,  however  J 
is  more  interesting.     After  section  of  the  pneumogastrics,  having  exposed  the  mucouf  I 
membrane  of  the  stomach,  he  found  that  an  acid  fluid  appeared  in  parts  which  were  sub-| 
jected  to  mechanical  or  galvanic  irritation.     The  general  results  of  his  experiments  on 
this  aubject  were  that,,  after  the  division  of  both  pneumogastric  nerves,  BmaU  quantities  of 
food  could  be  digested  in  the  stomach,  but  tlmt  a  considerable  mass  was  only  chymifled 
on  the  surface,  tlie  centre  not  undergoing  any  alteration.    This  he  attributes,  not  &o  much 
tc»  arrest  of  secretion  of  the  gastric  juice,  as  to  paralysis  of  tlie  movements  of  the  stomach, 
wliioh,  when  the  mass  of  food  is  considerable,  are  necessary  in  order  to  expose  oil  parts 
to  the  action  of  the  gastric  juice. 

The  experiments  of  Bernard  on  this  subject  are  very  clear  and  satisfactory,  Wben 
the  mucous  membrane  of  the  stomach  was  turgid  with  blood,  the  animal  (a  dog)  being  In 
full  digestion  and  provided  with  a  large  gastric  fistula  so  that  the  changes  which  might 
take  place  in  the  stomach  could  be  readily  observed,  the  pneumogastrics  were  divided  ia 
the  neck.  At  once  the  mucous  membrane  became  pale  and  flaccid,  and  the  secretion  of 
gastric  juice  was  arrested.  When  the  animal  died  after  section  of  the  pneumoga^trirs 
daring  digestion,  it  was  remarked  that  the  absorption  of  chyle  seemed  to  have  been  ar- 
rested, the  lacteals  being  found  to  contain  coagidated  chyle  even  as  far  as  the  villi  of  the 
intestines.  According  to  these  experimenta,  the  action  of  gastric  juice  which  might  exist 
in  the  stomach  at  the  tinve  of  section  of  the  pneumogastrics  would  continue,  but  no  n<»ir 
fluid  is  secreted  ;  and,  if  the  fluid  thus  remaining  in  the  stomach  l>e  neutralizi^sl,  dige&iion 
is  immediately  arrested.  In  one  experiment  in  which  the  pneumogastrics  had  been 
divided,  having  previously  emptied  the  stomach,  Bernard  introduced  meat  finely  divided* 
The  next  day^  the  meat  had  a  distinctly-ammoniacal  odor  and  an  alkaline  reaction,  the 
result  of  spontaneous  decomposition.  These  experiments  show  only  an  immediate  arre«t 
of  the  secretion  of  the  gastric  juice.  In  certain  exceptional  instances,  in  wliich  aniinah 
survive  tlie  section  of  both  nerves  for  a  number  of  days  or  sometimes  even  recover,  it 
has  l>cen  noted  that,  after  a  few  days,  an  acid  secretion  again  takes  plare  in  the  stomach. 
Although  much  confusitm  exists  in  the  earlier  observations  on  the  etfects  of  section  of 
tbe  imeumogastrics  upon  the  stomach,  the  conclusions  to  be  drawn  from  recent  esperi- 
monts  are  tolerably  definite. 
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Tb«ra  ean  be  no  doubt  that  dirisioa  of  both  these  nerves  produces  imuntjdiate  and 
niTc  dl8on3«r  in  the  {iroceai*  of  stotnach-digcfstion^  aiuountiDg,  it  is  more  than  probable, 
ta  diRipUtts  hrte^t  of  the  secretion  of  the  gastric  juice.  Its  st^cretion  m&j  bv  indacud 
ifcjmUi  iiv  \*^^  ptiiuttlatiun,  but  the  quantity  ifv  always  greatly  diminished.  Uador  these 
fitcmsi'  '^'  ^^^'^^  ^'^^J  siiiaU  quantities  of  food  may  be  digested  In  the 

a^m^fti^t  r  the  operation ;  and,  if  the  anirual  survive  for  a  considerable 

Um  •wsi^tion  maj  be  to  a  certmn  extent  reOstJibli^bed.    Horious  trouble  in  «*toniaeh- 
b  produced  by  the  paralysij*  of  the  muscular  coatd  of  the  stomach  consequent 
upon  seelioii  of  both  pneutnogastricji. 

MotmmenU  a/  ths  St4>inaeh.—A»  tbo  articles  of  food  are  passed  into  the  stomiMJh  by 
IheMts  oC    '  II,  the  organ  gradually  changea  its  form,  ^ize,  and  position.     When 

thft  ^Ummcii  ,  the  opposite  surfaced  of  its  lining  membrane  are  in  contact  in 

tm»j  liaita  mnd  are  thrown  into  numerous  longitudinal  folds.  As  the  orgtm  is  distendetl, 
LSr**i  folds  «re  effaced,  the  stomach  itself  becoming  more  rounded;  and^  a*  the  two  ends 
!,«  leaser  curvature  are  comparatively  immovable,  the  whole  organ  undergtx^s  a 
Ki.ni'i«rtit  of  rotation,  by  which  the  anterior  face  becomes  superior  and  is  applitMl  to  the 
ditthrasm.  At  this  time  the  great  pouch  has  nearly  filled  the  lea  hypochondriac  region, 
ti  *  '     k:i  anteriorly,  and  comes  in  couluct  with  the  abduminjd  walls. 

}.  -.,  which  are  merely  duo  to  the  dititentlon,  the  stomach  under- 

:in%  muvemcDt^,  which  continue  until  itJS  contents  have  been  dissolved  and 
r  have  passed  out  at  the  pylorus.     But  while  these  movements  are  taking 
t^i€r  tiro  orifices  are  guarded,  so  that  th©  food  shall  remain  for  the  proper  time 
.^,  .-^  to  the  action  of  the  gastric  juice.     We  have  already  noted  tlie  rhythmical  eon- 
toictkms  oC  the  lower  extremity  of  the  oesophagus,  by  which  regurgitation  of  food  is 
|r»vecit0d ;  and  the  circular  fibres,  whicJi  form  a  thick  ring  at  the  pylorus,  are  constantly 
Cf«itr«ct<M],  so  that,  at  least  daring  the  first  periods  of  digestion,  only  liquids  atid  that 
(urtioD  of  food  which  has  been  reduced  to  a  pultaceous  consistence  can  pass  into  the 
*cj«n  Intestine.     It  is  well  known  that  this  resistimce  at  tlie  pylorus  does  not  endure  in- 
ly, for  indigestible  articles  of  considerable  size,  such  as  stones,  have  been  j»as9ed 
•iiitifl  after  having  been  introduced  into  the  stomach  ;  hut  observation  ha?  shown 
)jsc8  of  digestible  matter  are  passed  by  the  movements  of  the  stomach  to  the 
-,  orer  and  over  again,  and  that  they  do  not  find  their  way  into  the  intcf^tine  until 
we  become  softened  and  broken  down. 
liiccoii'  *'f  the  walls  of  the  stomach  are  of  the  kind  characteristic  of  the 

Mm  itriatei  ^  fibres.     If  the  finger  be  introduced  into  the  stomach  of  a  living 

•liiiBftl  dnri;  ^n,  it  is  gently  but  rather  firmly  grasped  by  a  contraction,  which  is 

•'/•T  tiii'l  .:  I  luring  for  a  few  seconds,  and  as  slowly  and  gradually  relaxing  and 

1  another  part.  The  movements  during  digestion  undoubtedly  present  certain 
.*.  u  .  *  1.  vv  m  different  anhnnls ;  but  there  can  be  no  doubt  that  the  phenomenon  is  univer- 
liL  In  dogs,  when  the  abdomen  is  opened  soon  after  the  ingestion  of  food,  the  stomach 
i|^«irs  prt*lty  firmly  contracted  on  its  contents.  In  a  case  reported  by  Todd  and  Bow- 
1101,  in  ihe  human  subject,  in  which  the  stomach  was  very  much  bypertroplned  and  the 
vilk  of  tiie  abdomen  were  very  thin,  the  vermicular  movements  could  be  distinctly 
mm^.  TbiM  movements  were  active,  resembling  the  peristaltic  movements  of  the  intes* 
KifH%  for  whicli,  indeed,  they  were  mistaken,  as  the  natnre  of  the  case  was  not  reeog- 
itol  during  life.  No  argument,  therefore,  seems  necessary  to  show  that,  during  diges- 
bm,  the  stomach  is  the  seat  of  tolerably  active  movements. 

A  pv<!uliarity  In  the  movements  of  the  stomach,  which  has  been  repeatedly  observed 

in  t>i«  Uiwer  animals,  particularly  dogs  and  cats,  and  in  certain  cases  has  been  confirmed 

t,  is  that,  at  about  the  junction  of  the  cardiac  two-thirds  with  the 

s  frequently  a  transverse  band  of  fibres  so  firmly  contracted  .is  to 

diMiiv  tbv  cavity  intQ  two  almost  distinct  compartments.    It  has  also  been  noted  that  the 
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contractions  in  ttie  cardiac  division  are  much  less  vigorous  tbaa  nc^ar  tbe  pylorus ;  the 
stomach  seeming  simply  to  adapt  it^lf  to  tlie  fooil  by  a  gentle  pressure  as  it  remains  in 
tbe  great  poucb,  whiles  in  tlje  pyloric  portion,  divided  otf  as  it  is  by  tb*j  hollr-glili^s  con- 
traction above-mentioned,  tbe  movements  are  more  fi-eqnent,  vigorous,  and  txpalsivc 
We  must  again  refer,  however,  to  the  observations  of  Beanmont  for  tbe  only  a<Tttrate 
description  of  tbe  movements  of  tbe  stomach,  as  they  take  place  during  digestion  in  the 
human  subject. 

The  experiments  of  Beaumont  were  generally  made  with  the  subject  lying  on  tbo 
right  side,  and  the  movements  of  tbe  stomach  were  observed  by  following  with  the?  eye  a 
particular  morsel  of  food  as  it  passed  alongj  or  by  Introducing  the  bulb  of  a  thermometer 
into  the  organ  and  allowing  it  to  move  with  the  alimentary  mass.  It  was  invarialiJy 
fonnd  thnt  the  movements  of  the  thermometer-bulb  were  tlie  same  as  tbose  observed  by 
identifying  and  following  a  particular  portion  of  food.  As  the  alimentary  bolus  enters 
by  the  cai'diac  opening,  it  turns  to  the  left,  descends  into  the  greater  pouch,  and  followa 
tbe  greater  curvature  to  the  pyloric  end.  It  then  returns  to  the  cardiac  oriiice  by  th© 
lesser  cnrvatiire  and  takes  again  tbe  same  course  as  before.  While  these  revolutions,  so 
to  fii>eak,  of  the  alimentary  mass  are  going  on,  the  food  is  turned  over  and  over,  ao  thai 
It  becomes  intimately  mixed  witli  the  diMrestive  fluids  and  subjected  to  a  certain  amount 
of  trituration.  Tins  action  is  undoubtedly  of  great  importance,  as  fresh  portions  of  food 
are  thereby  successively  exposed  to  the  action  of  the  gastric  juice,  and  the  bt^uses,  with 
their  particles  agglutinated  to  a  certun  extent  in  tbe  moulli,  are  disintegrated  and  pene- 
trated with  the  gjwtric  Ouid  in  every  part. 

A  marked  difference  was  observed  between  the  movements  in  tbe  cardiac  and  in  the 
pyloric  portion.  When  the  thermometer-bulb  arnved  at  the  contracted  septum^  which 
waa  three  or  four  inches  from  the  pyloric  end,  it  was  at  first  stopped  by  the  forcible  can- 
traction  ;  hnt^  in  a  short  time,  there  was  a  gentle  relaxation  which  allowed  it  to  poss^ 
when  it  was  drawn  quite  forcibly  for  three  or  four  inches  toward  the  pyloric  opening. 
When  in  this  portion  of  the  stomach,  the  bulb  was  firmly  grasped  and  toade  to  undergo 
a  spiral  motion ;  and,  if  drawn  forcibly  out,  it  gave  to  the  fingers  the  sensation  of  being 
held  by  a  strong  suction  force.  As  soon  as  relaxation  occurs,  the  bulb  h  passed  back  to 
the  seat  of  ftricture,  and,  when  pulled  through  this,  it  moves  freely  in  the  great  cavity* 
Each  one  of  thcs^e  revolutions  was  found  to  occupy  from  one  to  three  minutes.  Thejj 
were  slower  at  firnt  than  alter  digestion  had  been  somewhat  advanced. 

The  mechanism  of  the  movements  of  the  stomach  is  easily  ap]>reciated  when  we  ocm* 
aider  the  number  and  varied  directioo  of  the  fibres  which  form  the  muscular  coat  of  the 
stomach,  and  the  fact  that  the  stDmaoh,  when  distended,  is  more  or  less  displaced  with 
every  movement  of  the  diaphragm.  It  is  easy  to  understaufl,  also,  how,  in  tbe  pylorio 
portion,  where  the  muscular  fibres  are  thickest  and  the  cavity  is  elongated  and  comjiara 
lively  small,  the  movements  should  be  more  vigorous  and  eximleivo  than  in  the  rest  of  the 
organ.  We  have  already  alluded  to  the  fact  that  the  movements  of  the  stt»maoh  are 
Animated  by  the  pncuinogastrio  nerves  and  become  arrested  when  both  these  nerves  are 
divided. 

As  the  result  chiefly  of  the  observations  of  Beaumont,  the  following  may  be  taken  as 
a  summary  of  the  physiological  movements  of  the  stomach  in  digestion : 

The  stomach  normally  undergoes  no  movements  nnlil  food  is  passed  into  its  cavity  J 
Wlien  food  is  received,  at  the  same  time  that  the  mncons  membrane  hecoraes  congested 
and  the  secretion  of  gastric  juice  commences,  contractions  of  the  muscular  coat  begiii«^ 
which  are  slow  and  irregular  during  the  commencement  of  stomach -digestion,  but  become 
more  vigorous  and  regular  as  the  process  advances.  After  digestion  has  become  fully 
established,  the  f^tomach  is  generally  divided,  by  the  firm  and  almost  constant  contraction 
of  an  oblique  band  of  fibres,  into  a  cardiac  and  a  pyli>ric  portion ;  the  former  f^ 
abont  two-thirds,  and  the  latter,  one-third  of  the  length  of  tlie  organ.  The  com 
of  the  cardiac  division  of  the  stomach  are  nniform  and  rather  gentle ;  while,  in  th' 
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l^loi^'  (Lt*y  aro  intermitttjat  and  more  ex^pulsive*     The  eflfeot  af  IUq  contrncikmB 

;pon  the  food  contjiined  in  ita  covity  is  to  sal^Ject  it  lo  a  tolorahly  nuiform 

wiLii  a  certJiin  amount  of  trituriitiorj  and  a>atati4>n,  in  tho  curdiuc  portion,  tljc 

(cniTMl  Koidtucy  of  the  movement  hv\w^  tuward  the  pylorus  along  tlii^  gronter  curvaturt?, 

mil  b^ok  fivm  tlje  pvlorus  tow  art!  the  j;rcut  p<jilclj  along  tlitJ  lt?sser  curv-ature.     At  tho 

r  .a^iricted  part,  wbifh  separates  the  cardiac  Hhjui  the  pyloric  portion,  there  h  an  oh- 

!i  to  the  passage  of  the  food  until  it  has  been  sufficiently  acted  upon  by  the  ^iccre- 

.;  .*,  ui  llie  cardiac  division  to  have  hcconie  reduced  to  a  pultacuoua  consistcncts.    The  all* 

rr  nmas  then  passes  into  the  pyloric  division,  and,  by  a  more  powerful  contractiau 

I  occurs  in  other  parti^  of  the  stomach,  it  is  passed  into  the  small  intestine.     Thiji 

^ms^M^ii  the  distioction  between  the  two  portions  of  the  stomach,  the  cardiae  division 

'  /tdy  seen,  possessing  a  mucous  membrane  capable  of  seoretiug  the 

:■    iitice* 

iia  of  the  alimentary  mass,  thus  accomplished,  take  place  slowly,  by  gen- 
„  .„  ,  J  ,--,  lit  contractions  of  the  muscular  coat;  the  food  occupying  frum  one  to 
^hn0  minutes  in  Its  passage  entirely  aronnd  the  stomach.  Every  time  that  a  revolution 
ii  aoeoia|»liahied,  the  conteuts  of  the  stomach  are  somewhat  diminished  in  quautity ; 
Ifnhablr.  in  m  sltirht  deirree,  from  absorption  of  digested  mater  by  the  stomach  itsi'lf,  but 
lliWflt  tge  of  the  softened  and  disintejLTuted  mass  into  the  small  intes- 

tio&     L  .  ies  until  the  stomach  U  emptied,  occupying  a  period  of  troia 

two  to  r-! ;  niter  which,  tli©  moveraonta  of  the  stomach  cea»e  until  food  is  again 

RegurffUation  of  Food^  and  Eructation, 

E^inifigitfitlon  of  part  of  the  contents  of  fhe  stomach,  in  the  human  subject,  although 

'  e,  particuliirly  in  early  life,  la  not  strictly  a  physiological  act;  and 

^     .  iier  to  overloading  of  the  stomach  or  to  some  pathological  condition* 

itwt  tn  tome  of  tlie  inferior  animals  this  is  haliituul ;  a  certain  clns?,  called  niminantiii, 

^.^lIk^!3r  parsing  the  food,  after  the  first  deglutition,  in  small  quantities  from  the  paunch 

V  ntontb,  where  it  undergoes  a  second  maaticatiou  and  is  only  then  permitted  to 

•  the  secreting  stomach  and  the  rest  of  the  alimentary  canal.     Animals  of  this 

\  am  plea  of  which  are  the  ox,  sheep,  goat,  camel,  and  the  deer  tribe,  are  invari* 

M  and  take  into  the  Htomacb  a  largt*  bulk  of  matter  from  which  is  elabo- 

lirely  small  quantity  of  nutriments     During  the  period  when  they  are 

y  milk,  rumination  does  not  take  place. 

,  able  interest  is  attached  to  Uie  function  of  rumination  in  the  inferior  ani- 

m^  tB  onQoection  with  human  physiology,  from  the  fact  that  on  imalogous  process  has 

*.  m*.»;*..,.,  >»een  observed  in  the  human  subject ;  though  this  is  rare  and  is  generally  con- 

a  pathological  condition.     Such  ctiaes  have  been  often  quoted,  and,  in  the 

Iva  on  physiology,  were  frequently  exa^^gerated  ;  liut,  a  few  instances,  well  au- 

are  on  record  iti  which  rumimitron  Jmd  becume  haT)TtTiah     A  very  remark- 

fiorted  by  Home.     The  subject  was?  an  idiot-boy,  nged  nineteen 

'SO  ravenous  that  it  became  necessary  to  restrict  ttie  quantity 

.1  diuncT  he  ordinurily  ate  about  a  pound  and  a  half  of  ment  and  vegetables, 

_:  the  whole  in  two  minutes.     He  began  to  chew  tbe  cud  at  the  end  of  a  quar- 

t»  af  SD  hour.     The  mu»cJc«  of  the  throat  could  bo  seen  to  contract  when  the  bolus  was 

iWipd  bi^k  to  the  month.     lie  chewed  the  food  by  two  or  three  movements  of  the  jawa 

mA  dieD  rtwallowed  it  again.     This  was  repeated  at  intervals  fnr  half  an  hour,  during 

whinb  tlni#  he  waa  always  more  quiet  than  usual.    The  intellect  w  as  so  fei-ble  that  it  was 

l&^evlMii  i»»  iiw^ertAin  whether  the  ruminj^tion  were  voluntary  or  invijluutary*     One  of 

tWoMMof  fU  most  frequently  referred  to  is  that  of  M.  Cambay,  who  studied 

iWplieiioni^  >  own  person  and  made  it  the  subject  of  an  inaugural  thesis;  and 

'  U  live  ca«e  of  the  brotlier  of  M.  P.  B6rard.    In  these  instances,  ad  far  as  could 
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be  ascertained  from  the  sensations  daring  the  act,  the  regurgitation  of  food  was  effected 
bj  persistent  contractions  of  the  muscular  walls  of  the  stomach,  assisted  by  a  slight  and 
almost  involuntary  contraction  of  the  abdominal  muscles  and  diaphragm.  It  is  stated  by 
Cambay  that,  in  his  case,  the  taste  of  the  articles  of  food  was  not  modified,  *^  but  that  it 
is  with  something  of  a  sense  of  pleasure  that  the  nuninator  thus  causes  to  return  to  the 
mouth  the  alnnents  that  he  has  taken  into  the  stomach,  which  makes  them  undergo  a 
new  trituration." 

Rumination  in  the  human  subject  is  not  a  physiological  act.  It  is  evident  that  the  sub- 
stances returned  to  the  mouth  arc  not  usually  impregnated  with  the  gastric  juice,  for  they 
have  not  the  disagreeable  acid  taste  of  ordinary  vomited  matters.  The  acts  are  generally 
preceded  by  a  sense  of  fulness  in  the  stomach,  and  their  mechanism  is  probably  nearly 
the  same  as  that  of  the  regurgitation  of  small  quantities  of  milk  from  the  distended 
stomachs  of  young  children,  which  is  so  common.  In  the  person  of  Cambay,  the  first 
act  was  said  to  bo  voluntary,  but  succeeding  ones  were  not  under  the  control  of  the  wilL 
Undoubtedly,  the  faculty  of  regurgitating  the  food  may  be  improved  by  practice,  and 
we  have  known  of  an  instance  in  which  it  was  apparently  cultivated  as  an  accom- 
plishment. 

The  mechanism  of  regurgitation  of  portions  of  the  contents  of  the  stomach,  aside 
from  instances  simulating  rumination,  has  been  so  often  alluded  to  that  it  demands  in  this 
connection  but  a  passing  mention.  In  some  persons,  this  act  may  be  accomplished  by  « 
voluntary  muscular  effort,  especially  when  the  stomach  is  overloaded.  It  occasionally 
happens,  when  the  stomach  is  soraewliat  distended,  that  a  small  portion  of  its  contents 
suddenly  finds  its  way  to  the  mouth  without  even  the  consciousness  of  the  individnsl. 
The  muscular  contraction  which  produces  this  slight  regurgitation  is  so  insignificant  that 
there  must  necessarily  have  been  some  relaxation  at  the  cardiac  opening  of  the  stomach, 
which  under  ordinary  conditions  is,  as  wo  know,  firmly  closed.  The  act  is  then  produced, 
in  part  by  a  slight  contraction  of  the  abdominal  muscles  and  diaphragm,  and  in  part  by 
contractions  of  the  stomach  itself  and  anti-peristaltic  movements  of  the  asophagus.  It 
has  nothing  of  the  violent,  exi)ul8ive  character  of  true  vomiting,  which  is  produced  by 
the  8i)asmo(lic  and  involuntary  contraction  of  the  abdominal  muscles  and  diaphragm,  the 
stomach  being  passive. 

The  disohargo  of  gases  from  the  oesophagus  by  the  mouth,  accompanied  with  a  pe- 
culiar and  characteristic  sound,  is  very  common.  This  is  usually  accomplished  without 
any  marked  contraction  of  the  niusoles  concerned  in  vomiting  and  evidently  requires  very 
little  force.  Usually,  the  cardia  is  so  effectually  closed  as  to  prevent  the  passage  even  of 
gases.;  and,  in  eructation,  there  must  be  a  temporary  relaxation  of  this  opening.  When 
thus  relaxed,  the  act  is  accomplished  chiefly  by  contractions  of  the  stomach  and  oesopha- 
gus. It  is  generally  accompanied  or  preceded  by  sensible  convulsive  movements  of  the 
oeso])hagus,  involving,  ])ossibly,  contractions  of  its  longitudinal  fibres,  which  would  favor 
relaxation  of  the  cardiac  opening.  Although  it  is  usually  involuntary,  this  act  is  some- 
times under  the  control  of  the  will.  AVlien  it  occurs,  while  it  is  difficult  or  impossible  to 
prevent  the  discharge  of  the  gas,  the  accompanying  sound  may  be  readily  suppressed. 
Eructation  is  frequently  a  matter  of  habit,  which  in  many  persons  becomes  so  developed 
by  i)ractice  that  the  act  may  be  performed  voluntarily  at  any  time. 
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Phifsiologtcal  Anatomy  of  the  Small  iHtestine, 

firs  stfuilt  mte^iDe,  so  oaUe<l  on  ficcouDt  of  its  small  size  as  compared  with  tlie  rest 
•f  lh#  iat^tinal  tract,  is  the  loop,  cylindrical  tube  which  occupies  the  grentest  piirt  of 
ill  abdortnma]  cantj.  This  must  now  be  rej^iiitled  as  the  must  important  ilivitiiiuD  of  the 
§§iSfJm€jMtem;  and  its  physiological  anatornVf  together  with  that  of  the  yrroat  glands 
iHek  dbcli&n^  their  secretions  into  its  cavity,  jj*  indispensable  as  an  intmduetion  to 
ti»  imdy  of  fntestinal  digestion.  As  it^  is  in  the  small  intestine  that  the  dnul  elaboration 
4  mast  of  the  alluijentary  principles  takes  place^  and  here,  also^  that  the^  pniiciptes  are 
tAtm  ioU»  tbo  circulating  fluid,  we  shall  find,  in  our  study  of  its  aDatomy^  certain  parts 
'"  '  1      rned  in  digestion,  and  others  which,  aa'far  as  we  know,  are  connected 

iclion  of  absorption.     It  will  t>e  most  convenient,  however,  to  consider, 

I  etbn^  oil  tho  stractnrcs  found  in  the  small  intestine  which  posseas  physio* 

II  tntt-5tine,  extending  from  the  i»yloric  extremity  of  the  stomach  to  the  il<?o- 
—  u,  15  held  to  the  spinal  column  by  a  double  fold  of  serous  membrane,  called  the 

m^mmt^Tj,  As  the  peritoneum  which  Jines  the  cavity  of  the  abdomen  passes  from 
litter  mAe  to  the  spinal  column  it  comes  together  in  a  double  fold  just  in  front  (»f  the 
0Plil  ¥M0tls  along  the  spine^  and,  passing  forward,  splits  again  into  two  layers,  which 
WeoBK*  '        1^  with  each  other  and  encJosc  the  intestine,  forming  itn  external  coat. 

I^  wi*.!  mes^intery  is  usually  from  three  to  four  inches;  but,  at  the  commence- 

maAaml  %he  termimition  of  the  small  intestino,  it  suddenly  becomes  shorter,  binding  the 
ildiNBQiii  and  that  |»ortion  of  the  intestine  which  opens  into  tbo  cn\mt  coll  closely  to  the 
«i1ff»e«iil  pftrtfi.  The  mesentery  thus  keeps  the  intestine  in  place  but  allows  of  a  certain 
tmumd  «rf  naation,  so  tliat  the  tube  may  become  convoluted,  accommoduting  itself  to  the 
anasfl  form  of  the  abdominal  cavity.  The  form  of  these  convolutions  is  irregular  and 
If  fOOlSiiiialJy  rhatiging. 

Ill*  lenftlt  of  the  smaU  intestine,  in  wfw,  is  probably  from  fifteen  to  eighteen  feet 
(S«pfiej|;  t>ul  the  canal  is  very  distensible,  and  its  dimensions  are  gubject  to  constant 
miaslott^  When  separated  from  the  mesentery  and  measured  without  stretching*  its 
%mgik  htM  been  found  to  be,  on  an  average,  about  twenty  feet.  Its  diameter  \»  abont 
ix^  iiiid  a  qoarter  inch, 

«aall  Intestine  has  been  divided  into  three  portions,  which  present  anatomical 
*wti  |«tiy4olngi«'al  peculiarities,  more  or  less  marked^  These  are  the  duodenum,  the  jeju- 
mm,  and  th«  ileum. 

Til*  '  '  111  has  received  its  name  from  the  fact  that  it  is  about  the  length  of  the 
bRAdt!.  ►  fingers,  or  from  eight  to  ten  inches.    This  portion  of  the  intestine  is 

raiily  v,  ider  than  the  constricted,  pyloric  end  of  the  stomachy  with  which  it  is  con- 
17 


or  vertical  portion,  the  leng"th  of  which  h  about  three  inches.  This  is  covered  with 
peritoneum  only  on  its  nnt^nor  surface  and  is  somewhat  more  finnly  attnclieil  than  the  | 
aacendinir  portion.  The  intestine  then  makes  a  second  hend,  and  tlie  third  or  the  tnu»- 
?erse  purtion  is  horizontal  in  itn  course,  pas*iin|^  across  the  spine  to  the  lell  hjpochon- 
drium.  This  portion  iis  about  five  incites  in  ienfrtlu  It  i»  narrower  than  the  otliors  is  , 
bat  pjirtially  covered  by  peritoneum,  and  is  more  firmly  hound  down  than  any  other  port 
of  the  small  intestine. 

The  coats  of  the  doodennni,  hke  those  of  the  other  divisions  of  the  intestinal  tube,  art  j 
three  in  ruiniher     Conimencingexternali}',  we  have  the  serous,  or  peritoneal  coat,  which 
has  fdready  been  described.     The  middle,  or  nmscular  coat  is  composed  of  the  involnntnry, 
or  onstrifjed  miiscnlur  fibres,  such  as  exist  in  the  stomach,  arranged  in  two  layers.    The 
external,  longitudinal  layer  is  not  very  thick,  and  tliC  direction  of  ita  fibres  can  be  made 
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ly  at  the  outer  portiona  of  the  tube  o|>posite  the  attachment  of  the  meBOD- 
Ufj.  Nrar  llje  mt-^enloric  bordor,  the  fibres  are  very  fuint,  Tliis  is  truo  tbrougliout  the 
wh^Acoi  the  flnall  intestine;  although  the  fibres  nre  most  uurueroiii)  In  the  duoOenuro. 
Tbe  iBierfialf  circuhir,  or  transverse  hiyer  of  fibres  is  considenibly  thicker  than  the  Jongi- 
Tirtinal  layer.  Thej^e  fibres  encircle  the  tube,  running,  for  the  most  i»iirt,  nt  right  angles 
li*  th«»  cxterital  Uyef^  but  some  of  thera  having  nither  an  oblique  iJirection.  The  eircu» 
Isr  lAU*r  is  thickest  in  the  duodenum,  diminishing  gradually  in  thickness  to  the  middle 
of  tbc  j<^Qimn^  but  ufter  that  maintaining  a  nearly  unifonn  thickness  throughout  the 
to  tl*e  ileo-csBcul  valve. 
T!i«  jijtiDum,  the  Becond  division  of  the  small  intestine^  is  continuous  with  the  duo- 
It  presents  no  well-m/irked  line  of  sejianition  from  the  third  Lii^  isinn,  but  is 
fgtati^Jlj  cH>ttsidered  to  include  the  upper  tuo-liftb.s  of  the  small  intestine,  the  lower 
tklf^-fiftih^  being;:  called  the  ileum.  It  has  receive<l  the  name  jejunum  from  the  fact 
timt  it  id  ftlmoiit  jdways  found  empty  after  death.  This  jiortitin  of  the  intestine  presents 
»o  uufMirtaiit  peculiar! ties  as  regards  it^  peritoneal  and  imigculur  coat. 

The  tleiiQi  U  somewhat  narrower  and  tldnner  than  the  jejuDum,  otherwise  possessing 
no  Enark«*j  peculiarities  except  in  the  structure  of  ita  niueou:*  membrane.  This  opens 
)mn  Um  conunencemcnt  of  the  colon  and  is  the  terminatiun  of  the  small  intestine. 

Mi$e0U»  Mmtbrans  ^  ths  Small  Intatim, — ^The  mucous  coat  of  the  small  intestine  is 
lm«wb«t  ihtnncr  than  the  lining  membrane  of  tbe  stomach*  It  is  thickest  in  tbe  duo- 
aai]  graiinnlly  becomes  thinner  imtil  we  reach  the  ileum.  It  is  highly  vascular, 
lts|?,  like  the  mucous  membrane  of  the  stomach,  a  great  increase  in  the  quantity 
i]  diiriog  the  process  of  digestion.  It  h»is  a  peculiar  soft  and  velvety  appearance, 
ilmrtn^  digestion,  it  is  of  a  vivid-red  color,  being  pale-pink  during  the  intervids.  It 
§or  anatomical  description  the  foliowing  parta;  1,  folds  of  the  membrane,  called 
iventes;  3,  duodenal  racemose  glands,  or  the  ghmds  of  Brunner;  3^  intesti- 
llbiile^  »^r  foilirleH  of  Lieborkuhn  ;  4,  intestinal  villi;  5,  solitary  glands,  or  follicles; 
%  i^pirili&tcd  glands,  or  patches  of  Peyer. 

Tbo  valfTilje  cunniventes,  simple  transverse  diiplicatures  of  tbe  mucous  membrnnc 

•f  tL>^  inti?«tinc,  are  particularly  well  marked  in  man,  although  they  arc  found  in  some 

riferiur  animals  belongiDg  to  the  class  of  mammals,  as  the  elephant  and  the  camel, 

"ider  the  extent  of  the  mucous  memhrnne  much  greater  than  that  of  the  other 

1  tlic  intostioe.     Commencing  at  about  the  nfuhlle  of  the  duodenum,  they  extend, 

»  '     ilnution  in  number,  throughout  tlie  jejunum.     In  the  ileum  they  become  pro- 

gr  »re  nnd  more  scanty,  until  they  are  lost  at  about  ita  lower  third.     Sappey 

Umm^  u  •  *.d  of  these  folds  in  the  first  half  of  the  small  intestine  and  from  two 

lB»df»  I  I  1  rod  and  fifty  in  the  lower  half.    He  estimates  that,  in  those  inirtions 

of  iftftMliaft  where  ihey  are  most  abundant,  they  increase  the  length  of  tbe  mucous  mem- 

to  about  double  that  of  the  tube  itself;  but  in  tlie  ileum  they  do  not  increase  the 

more  than  ontt-iLxtb.    The  folds  are  always  transverse  and  occupy  usually  from 

mk  third  to  cme-hiilf  of  the  circumference  of  the  tube,  although  a  few  may  extend  entirely 

m^mtA  It     The  greatest  width  of  each  fold  is  in  the  centre,  where  it  measures  from  a 

5«ai1^r  to  half  an  inch.     From  this  the  width  gradually  diminishes  until  the  folds  are 

kt^  ia  tbe  memhrime  as  it  is  attached  to  the  muscular  coat.     Between  the  folds  are 

Ibmd  !lbre#  of  connective  tissue  similar  to  tliose  which  attach  the  membrane  throughout 

!Lt  wliol©  of  the  alimentary  tract.     This,  though  loose,  is  constant,  and  it  prevents  the 

->>iii  beui^  effaced,  even  when  the  intestine  is  distended  to  its  utmost     Between 

'c  abio  fr/nnd  blood-vessels,  nerves,  and  lymphatica, 

i:ion  and  arrangement  of  tbe  valvule  conniventesis  such  that  tliey  move  freely 
li  bvtl  H  and  may  be  applietl  to  the  inner  surface  of  the  intestme  either  above 

vMo  '*  of  attachment.     It  is  evident  that  the  food,  as  it  passes  along  in  obe- 

tei04  tv  t  itic  movements,  must,  by  insinuating  itself  beneath  the  folds  and 
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passing  over  them,  be  eipoeed  to  a  greater  extent  of  macons  membraue  than  if  tbi 
valvefl  did  not  exist.    This  is  about  the  only  definite  use  that  can  be  assigned  to  them,, 
They  cannot,  as  has  been  supposed  by  some,  have  any  considerable  influence  npon  the"' 
rapidity  of  the  pasaage  of  the  alimentary  mass  along  tlie  intestinal  canal. 

Thickly  set  beneatli  the  nincoua  membrane  in  the  first  half  of  the  daodennro,  andl 
scattered  here  and  there  throughont  the  rest  of  its  extent,  are  the  doodtnal  racemo^ 
glands,  or  the  glands  of  Briinner*    These  are  not  fumul  in  other  [iiirts  of  the  intestinal' 

eanaL  In  tlieir  structure,  they  closely 
resemble  the  racemose  glands  of  tlie 
oesophagus.  On  dissecting  tlic  muscu- 
lar coat  from  the  mucous  membrane,, 
they  may  be  seen  with  the  naked  eye^ 
in  the  areolar  tissue,  in  the  form  of  lit- 
tle, rounded  bodies,  about  one  tenth  of 
im  inch  io  diameter.  Examined  micro- 
ficopically,  these  bodies  are  found  to 
consist  of  a  large  number  of  short,  blind 
tubes  branching  in  every  direction  and 
held  together  by  a  few  fibres  of  con- 
nective tissue.  The  tubes  have  blood- 
vessels rnmifyiug  on  tlieir  exterior  ani] 
are  lined  with  glandular  e|)ithe1ium* 
They  collect  together  to  tcrminnte  in 
an  excretory  tluet  which  penetrates  lh« 
mucous  membrane  and  opens  into  the  intestinal  cavity.  When  these  structures  are  er- 
amined  in  a  perfectly  fresh  preparation,  the  excretory  dnct  is  frequently  found  to  contain 
n  clear,  viscid  mucus,  of  an  alkaline  reaction.  This  secretion  Ims  never  been  obtained  in 
quantity  sufficient  to  admit  of  the  determiuation  of  its  chemical  or  physiological  proper- 
ties. Its  quantity  must  be  infinitely  small  as  compared  with  the  secretion  produci^d 
by  the  ghmduhir  tubes  found  in  such  immenf^e  numbers  throughout  the  intestinal  truct, 
and  it  cannot  be  regarded  as  constituting  an  important  pnrt  of  the  tiuid  known  m  tho 
intestinal  juice. 

The  intestinal  tubules,  or  the  follicles  of  Lieberkllhn,  the  most  impitrtant  glandular 
structures  in  the  intestinal  mucous  membrane,  are  tound  throughout  the  whole  of  thc) 
small  and  large  intestine.     In  examining  a  thin  section  of  the  mucous  membrane,  thcs4j 
little  tubes  are  seen  closely  packed  togethrr,  occupying  nearly  the  whole  of  it«  structure. 
From  the  great  extent  of  the  iMcmbrane,  it  can  readily  be  conceived  that  their  number , 
must  be  tniraense.     Between  the  tubules,  ure  blood-vessels,  embedded  in  a  dense  strunm  j 
of  fibrous  tis^^ues  with  numerous  nn^triped  muscular  fibres.     In  a  vertical  section  of 
the  nmcous  membrane^  the  only  situations  where  the  tubules  are  not  seen  are  in  that  I 
portion  of  the  duodenum  where  the  space  is  occupied  by  the  ducts  of  the  glands  of  Brun-j 
ner  and  immediately  over  the  centre  of  the  larger  solitary  glands  and  some  of  the  cloi^  ] 
follicles  wliich  are  collected  to  form  the  patches  of  Peyer.     The  tubes  are  not  entirely 
abnent  in  the  patches  of  Peyor,  but  are  here  collected  in  rings,  twenty  or  thirty  tubes  deep«  | 
which  surmnnd  each  of  the  closed  fonicle?^.     A  microscopical  examination  of  the  surface  I 
of  the  inucons  membrane  by  reflected  light  shows  that  the  openings  of  the  tubnles  aro] 
between  the  villi. 

The  tubules  are  usually  simple,  though  somelirnes  bifurcated,  are  composed  extemally 
of  a  structureless  basement-membrane,  and  are  lined  with  a  single  layer  of  culomnar  epi* 
thelinm  like  the  cells  which  cover  the  villi,  the  only  difference  being  that,  in  the  tabcs^ 
the  cells  are  a  little  shorter.  These  cells  never  contain  fatty  grrmules,  even  during  the  di* 
gcstioD  of  fat.  The  central  cavity  which  the  cdls  enclose,  whirh  is  about  one  lourth  of 
the  diameter  of  the  tube,  is  filled  with  a  clear,  vis^^id  fluid,  whieh  is  the  most  imfiortAOl 
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» of  the  intestinal  j nice.  The  length  of  tbe  tuhiiles  k  equal  to  the  thickness  ot 
Ibt  nnrt^tiii  niembrant*  and  is  abmit  J^  of  an  inch.  Tlidr  diameter  m  ahout  j^^  of  an 
laeh.  In  mmn^  tUey  are  cyliiidrioal,  tenninatinpr  id  u  swingle,  rouDdi/d,  blind  extremity^ 
*l»ich  H  frequently  a  little  \aT\*tr  than  the  reist  of  the  tube.  These  tubules  are  the  ehicf 
•gisnU  concerned  in  tlie  production  of  the  fluid  known  as  the  Intefitmal  juice. 
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.      1,  trunk;  %  2,  liruichea. 
tatM^  from  the  plf. 
Ilitt  nUtdt  and  biw.    t«  tbufito  glstid ;  2,  A,  <  bLfld  gUuida ;  tk  oomfmund  gluid  tn»m  tbc  duodenum. 


Tli«  tnt«9tinal  villi,  though  chiefly  concerned  in  absorptioD,  are  most  conveniently 
ered  in  this  connection.  These  exist  throughout  the  whole  of  the  ^mall  intestine 
m  not  found  beyond  the  ileo-cffical  valve,  ahhoiigh  they  cover  that  [njrtlon  of  the 
imlve  which  Inoks  toward  the  ileum.  Their  number  is  very  greats  and  they  give  to  the 
obraoe  its  peculiar  and  ohuracteriBtie  velvety  appearance.  They  are  found  on  the 
lrttl»  oonniventea  as  well  as  on  the  attached  portions  of  the  mucous  membrajie.  In 
doodettum  and  jujunum,  they  are  most  numerous,  Tn  these  parts,  there  are  from 
S300  io  18,0fMi  villi  t^  H  square  inch»  and,  in  the  ileum,  from  5,700  to  10,000  to  a  aqnare 
ImIi,    St|i;  n  an  average,  about  7,200  to  the  square  inch  and  more  thjin  ten 

miDloiDi  (1  '  iighout  the  whole  of  the  small  intestine.    Tlie  villi  vary  eome- 

vh*i  in  form  in  different  animab.     In  the  iiuman  snbject,  thej  are  flattened  cylinders 
L     In  the  duodenum,  where  they  resemble  somewhat  the  elevations  found  in  the 
Jo  |>Qftion  of  the  stomach,  they  are  shorter  and  broader  than  in  other  situations 
more  like  flattened,  conical  folds.     In  thejiguDura  and  ileum,  they  are  in  the 
I  of  long,  flsttenod  cone*  and  cylinders.     As  a  rule*  the  cylindrical  form  predominates 
IIImi  Inwcir  portion  of  the  intestine.     In  the  jejunum  they  attain  their  greatest  length, 
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measuriug  here  I'ram  ^  to  ^V  ^^  ^^n  inch  in  leDgtli  b j  ^  to  f^  of  ao  tnoh  iu  bread 
their  h&jst\ 

The  structure  of  the  villi  sliows  thorn  to  bo  simple  elevations  of  the  miicuus  mem« 
braDO,  provided  with  blood- v esse Ih,  aud  probably  also  with  lacteals,  or  Lutestlnul  Ijxn* 
phatics.    Estemally  ia  found  a  single  hijer  of  long,  columnar  epithelial  cells,  resting  auM 


m 
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Fi(i,  fA,—InU*tinal  eititu,    (Ix'ydtg.)  Fio.  67, — OtpiUttry  net-ttvrk  of  an  inUMinat  viBu$.  (Prvf.} 

et^a^**^  oitUhcUiiJ  covering ;   b^  b^  capillary  net- work  ;  r/,  venouA  trunk ;  b^  orteTial  trtmk. 

«,  e,  kiD^tuiiliiAltnciAcalar  filnvs  ;  <  hctoAL 


a  stnictiirelesfl  bascment-membrnne.  These  celH  tliooph  closely  adlierent  to  the  sub- 
jacent parts  during  life,  ore  ca.silj  detached  after  deuth  and  are  almost  ahvajs  destroyed 
and  removed  in  injected  preparations.  They  ailhere  firmly  to  each  other  and  are  isolated 
with  difficulty  in  nucroscopieal  [^reparations.  Kdlliker  has  slmwn  tliat  the  membranes  oo 
the  free  surfaces  of  these  cells  are  thickened  and  finely  striated,  ftjrming^  as  it  were,  a 

special  membrane  covering  the  villus  and  exler- 
niil  to  the  cells.  This  membj-aue  may  be  raised 
«[►  froiji  the  cells  and  exhibited  by  the  action 
of  water. 

The  subistance  of  the  villus  is  composted  of  a 
stroma  of  amorphous  matter,  in  which  are  em* 
bedded  nuclei  and  a  few  fibres,  fibro^plastio 
cellft,  and  niimerons  non- striated  mnsenliur 
fibres.  The  blood-vessels  are  very  nnniereas; 
fonr  or  five,  and  sometimes  as  many  as  twelve 
or  fiftoen  arterioles  enterinisf  at  the  base^  nim- 
if^in^  through  tlio  substance  of  tlie  villus^ 
but  not  branchinfr  or  anastomosiiiff,  or  even 
ditiiinishini?  in  caliber  until,  hy  a  slightly  wavy 
turn  or  looyi,  they  coinnmnicate  with  the  veii« 
ous  radicles,  each  of  which  is  s^oxnewhat  larger 
than  the  arterioles.  The  veins  all  converge 
to  hvo  or  three  branches,  finally  emptying  into  a  large  trunk  situated  nearly  in  tba 
axis  of  the  villus. 


Fjo.  m,—E[dth*Hmn  o/(h*  9maU  htkgtin^  of  the 
ratffdt.     (Pitnke.) 
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Tbc  onrji^i  af  the  mriscnlar  fibres  of  the  villi  niaj  be  shown  by  treating  tUcin  willi 
Metle  add  after  tlio  e(«theHtim  has  been  rcinoveil.  These  fibres  appear  to  be  Ump- 
tadiiia],  foniiin^  a  thin  layer  surrounding  the  villus^  about  liall-way  between  the  |>e- 
^ahery  and  the  centre  and  continuous  with  the  mtisettlar  eoat  ot  tbo  inteetine.  The  iiiu»- 
edbribr«s,  :  '    'r  arrnngetnent,  would  &eeni  to  bt*  capable  of  shortening  the  villoi^; 

nd  tkb  l»ti-  heen  <tb9erved  in  specimens  tiiken  I'ri*m  the  intestine  i^hortly  after 


Iht  aiiAtomy  of  the  lacteals  as  tbey  originate  in  tbo  villi  baa  been  the  »ubjeet  of  rotich 
txtttyov^ny;  hnt  almost  all  anfitomiats  are  now  ugretMl  that  these  vesiieU  comnieneo  by 
Uiud  extrcmitieii,  which  nro  either  single  or  present  a  lew  sJjort,  rountlcd  ilivertieula 
tudiiif  to  a  tingle  tuhe, 

0\v:       ^       'e  excessive  tenuity  of  the  walls  of  the  lacteals  in  the  villi,  it  Im^  been 

»««nJ  to  till  thcnj  with  an  artificial   injection,  allhougb  the  Inmdiuties  &nb- 

u»  ihciii  may  be  easily  dislende<l  and  studied  in  this^  wuy.     Those  who  profess  tu 

>  u  the  single  Inctoal  in  the  villus  have  done  so  by  eAiunining  the  parU»  wbeu  the 

lacteal  srsteui  hns  bfen  eni^ri'ed  with  cbjde. 

We  mti^l  still  reiTiird  the  qucwtion  of  the  origin  of  the  lacteal^  in  the  Intestinal  villi  as 
one  of  great  ob*cnrity.  They  may  ori(?inate  by  iv  delicate,  anastomosing  plexus,  jn«t  be- 
mih  tlie  epithelium,  a?*  i»  thought  probable  by  Sappey»  or  the  chyle  inay  puss  through 
tii»  «|.ithelial  layer  ami  a  part  of  the  substance  of  the  villus,  according  to  the  view  pre- 
Kfitiid  ^     ' iiisen,  without  the  intervention  of  distinct  vessels,  until  the  particles 


ry  ttceount  baa  ever  been  given  of  nerves  in  tbo  intestinal  villi.  If  any 
ructurej*,  they  probably  are  derived  iirom  the  sympathetic  system,  which 
y  distriboterl  to  the  intA'stinal  canal. 
..iK  solitary  glanda  or  Hdlicles  and  the  patches  of  Pcyer,  or  agmiuated  glands,  have 
me  and  thftsatne  Btrncture,  the  only  difference  being  that  those  called  solitary  are  seat- 
nogly  in  very  variable  nural>ers  throughout  the  t^mall  and  lar^e  intestine,  while  the 
glands  consist  of  numbers  of  thc»e  follicles  collected  into  patches  of  different 
These  patches  are  generally  found  in  the  ileum.  The  number  of  the  solitary 
llmdii  b  so  vnrinble  that  it  is  impossiible  to  give  ftny  general  e^titnate  of  it,  Tlicy  are 
•dmiliiiMS  •bsent.  The  patches  of  Peyer  are  always  situated  in  that  portion  of  the  intes* 
tint  oprpomta  the  attachment  of  the  mesentery.  They  are  likewise  variable  in  number 
^d  are  irregular  In  sixe.  They  usually  are  irregtdarly-oval  in  form,  and  measure  from 
half  in  inch  lo  iin  inch  and  a  half  in  length  by  three-fourths  of  an  inch  in  breadth. 
Soiwiiisied'  they  are  tliree  or  four  inches  long,  but  the  largetst  are  .ilw.nys  fmmd  in 
Om  lower  i*art  wf  the  ilenm.  Tlicir  number  is  about  twenty,  and  tliey  are  generally 
tm^!&ntd  to  the  ilenm;  hut  when  they  are  very  nnmerous — t'or  they  sometime*?  exist 
Uf  llie  ntutiber  of  sixty  or  eighty — they  msky  be  found  in  the  jejunum  or  even  in  the 
ilai«leoam. 

Two  varieties  of  the  patches  of  Peyer  have  been  lately  described  by  anatomij^tt.     In 

qfie  of  tli«»c  varieties,  the  patch  is  f|uite  prominent,  its  sarface  being  slightly  raided 

wiMitm  tl^e  general  mucous  i^tirfuce,  while,  in  the  other,  the  surface  i^j^mootb*  and  the 

|i«'  *        ''  '       luhed  at  first  with  some  diflBculty.    The  more  prominent  jjatcbes  are  cov- 

rr  1"^  memi^rnne  arranged  in  folds  sfometbing  like  the  convolutinns  t>n  the 

♦«'»:t  t'  on.    The  valvulre  connivenle^  arc?  arretted  at  or  very  near  their  holders, 

riirfcc  nly  patches  whicli  arc  generally  described  as  the  glands  of  Peyer,  the 

thtn^wteh  may  bo  calleil  thi?  smooth  patches,  being  generally  overlooke^L     The  latter 

im^oTiited  with  a  smooth,  thin,  and  closely*adhercnt  mucous  membrane.    Their  follicles 

rt  it&AO  and  nomeroua.   The  borders  of  these  patches  are  much  less  strongly  markc^l  than 

UioiK  of  the  first  variety.    A»  they  are  evident  only  upon  close  examination  and  a?*  they 

wn  the  only  patches  present  in  certain  individuals,  it  is  said  that  sometime!*  the  patches 

■<  ftjur  ttro  entirely  wanting*    They  are  generally  less  numerous  than  the  first  variety 
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ttad,  according  tu  Sappey,  are  most  abuDdant  in  persons  of  feeble  constitution.    The 
villi  are  very  large  and  prominent  on  the  mucows  membrttne  covering  the  first  variety 

of  Peyer^ai  patcliea,  especially  at  the  sunimit  of  the  folds. 
In  tlie  aeeoDd  variety,  tb©  villi  are  the  same  as  over  other 
part^  of  the  mucuua  membrane,  except  that  they  aro 
placed  more  irregalarlj  and  are  not  so  numeroos. 

The  intimate  structure  uf  the  patches  of  Peyer  lias  not 
been  definitely  settled  in  all  lU  particalars.  It  is  well  deter- 
tnitied,  liowever^  that  the  follicles  which  compose  them  are 
cuiiipletely  closed,  the  openings  which  have  been  saitl  to 
'xist  bfing  undoubtedly  accidental  ruptures  made  in  pro- 
puring  specimena  for  microscopical  exatirmation.  These 
follicles  are  &oniewbat  pear-ebaped,  with  their  pointed 
projections  directed  toward  tbe  cavity  of  the  intestine, 
Juat  above  the  follicle,  there  is  generally  a  small  opening 
in  the  miicoua  membrane^  surrounded  by  a  ring  of  int<;s- 
tinal  tubules,  and  leading  to  a  cavity,  the  base  of  whicJi 
ia  convex  and  fonued  by  the  conical  projection  of  the 
follicle.  Tiie  diameter  of  tlio  follicles  is  from  ^  to 
^  or  even  ^  of  an  inch.  Tbe  small-sized  follicles  are 
generally  covered  by  mucous  membrane  and  have  no 
opening  leading  to  them.  Each  follicle  consists  of  a  rather 
strong  capsule  composed  of  an  ahuost  houK>geneoQS  or 
very  sligLtly  fibrous  membrane,  enclosing  a  i^emifiuid, 
grayish  sulistance,  cells,  blood-vesseU,  and  probably  lym 
phatics.  The  semifluid  matter  is  of  an  albutuinoid  character.  The  cells  aro  very  small, 
rounded,  and  mingled  with  numerous  small,  free  nuclei.  The  blood-ves&els  have  rather  a 
pecnliar  arrangement.  In  the  first  pkice  tbey  are  distributed  between  the  follicles*  so  oa 
to  form  a  rich  net- work  surrounding  each  one.  Numerous  cai>ilhiry  branches  are  sent 
from  these  Tessels  into  the  interior  of  the  follicle,  returning  in  tbe  form  of  loops. 
The  obscurity  in  tbe  anatomy  of  the  follicles  is  chiefly  with  regard  to  the  arrangement 

of  tlieir  lymphatic  vessels*.  These  have  not  been  dis- 
tinctly traced  witbin  the  investing  membrane.  They 
have  been  demonstrated  surrounding  the  follicles,  but  it 
is  still  doubtful  whether  they  exist  in  their  interior, 
This  question  is  so  unsettled  that  it  is  infpossible  to 
make  a  definite  statement  on  the  subject.  All  that  10 
known  is  that,  during  digestion,  the  number  of  lacteals 
coming  from  the  Poyerian  pfltchea  is  greater  than  In 
other  parts  of  the  mucous  membrane ;  but  vessels  con 
taining  a  milky  fluid  are  never  seen  within  the  follicles* 
The  mucous  membrane  covenng  tbe  prominent 
patches  is  generally  so  thick  and  folded  that  the  closed 
follicles  cannot  be  seen  from  above  and  are  only  dtt- 
cernible  from  the  under  surface.  In  tbe  smooth  patch 
es,  the  foUicles  are  generally  well  brought  out  by  inacer^ 
ation  in  acetic  acid. 

The  description  of  the  follicles  which  compose  the 
patches  of  Peyer  answers,  in  general  terms,  for  the  soli 
tary  g)ands,  except  that  tbe  latter  are  found  in  both 
the  small  and  the  large  intestine. 
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lutt^stinal  wjiiHU\ 

Of  the  tliree  fluids  with  which  tho  food  in  brought  tn  contact  in  tijo  intestinal  ciina], 
wamA^^  the  Mle,  the  pancreatic  juicc^  and  tlie  inte^itlnal  jiiiec%  ihv  lant,  the  accretion  i»f 
%km  mxkvouA  mcmhrutie  of  tlio  sinall  intets^tini^  pr^sentd  the  ^reate^t  UiiHcultics  in  the  in* 
¥r*4t%aUoei  of  lt&  |>ru{tertiei^  and  fti notion*  If  it  he  adiui^ihlc  to  reason  from  Uie  knoivn 
t&ocbfltusiD  of  secretion  in  other  parts,  it  is  fair  to  suppose  tliat  thv  normal  secretion 
froA  Um  mucous  iueiubraue  of  the  &uiall  intestine  con  only  take  place  nx  ohcdieuco  to 
tiie  iltizialns  of  food.  The  same  canst*  taduces  the  secretion  of  the  pancreatic  juice  and 
ilieroa»e«  the  tlow  of  bile.  A»  we  have  already  sei^n,  the  food,  as  it  passes  from  tho 
rtowaeh  into  the  duodenum,  U  to  a  great  extent  disintegrated  und  i^  mingled  with  the 
jaerttloiM  from  both  the  montli  and  the  dtomoch.  Under  these  circumttlance*^i  it  is  evi- 
dtoUj  hu|»D^ible  to  collect  tho  intestinal  juice  under  perfectly  physiological  conditionflj 
III  A  itAto  of  parity  sufficient  to  allow  of  extend^l  experiment!?  regarding  its  composition, 
|f9{»«rti«a»  and  action  in  dijiireHiion* 

Bidder  and  Schmidt  experimentctl  upim  dogs  and  cats,  Bhutting  off  from  the  intestine 
tb«  Wli*  and  p;increatic  juice,  and  fuund  tbut  starch  introduced  into  the  canal  became 
tiBiisfbrmed  into  sugar.  Tboy  also  observed  that  fat  was  emulsified  to  a  considerable 
4ifrM,  ftbd  that  albumen  and  meat  were  partially  disintegrated  and  digested.  These 
obvemtrs  were  unable  to  collect  the  intestinal  juice  in  quantity  sutticient  for  analysis, 
Tlitt  which  ihey  obtained  was  found  to  be  colorless,  very  viscid,  and  strongly  alkaline 
ia  lit  reaetion. 

As  far  od  thiJ  composition  and  general  properties  of  the  intestinal  juice  are  concerned, 
the  oh^rvations  of  Colin  upon  horses  are  the  most  deHnite,  although  it  is  Questionable 
wlWfhrr  b<»  snccee<led  in  obtaining  the  fluid  in  a  normal  state.  To  collect  the  13  aid.  an 
was  made  into  the  abdominal  cavity,  and  from  four  and  a  half  to  six  feet  of  tho 
intestine  wore  drawn   out. 


Hits  portion  was  emptied  by  gen- 
t^  pfeasing  with  the  finger  from 
downward,  wbile,  with  the 
'  IkOfid,  the  upper  portion  was 
Without  removing 
^  imeen,  two  soft  clamps  were 
tkoi  applied^  thus  shutting  uH*  the 
tl^oivd  part  of  the  intestine  from 
tiM  xrat  oi  the  canal.  The  gnt  was 
ibea  returneil  and  tlie  wound  in  tho  abdomen  dosed 


FwJ.  7\,^nfimp  for  UottUinc  a  poHion^  ^f  the  itUMtin*.    (C^jiio.) 
A^  k>w«r  (lUtc ;  B,  upper  fikto;  C  Axed  screw ;  A  numilile  lerefr  la 

plaoi?^   E,  6er?w  IotimmI  eo  m  to  ftUow  tbo  dmoii  to  b«  p(a»aed 

ATOund  tho  iJiUsBnoe. 


At  tho  end  of  half  an  hoar,  the 

was  killed  hy  bleed iug,  aod  the  contents  of  the  isolated  portion  of  the  intestine 

I      Tlie  ipumtity  of  juice  obtained  was  cnnsiderable,  being  from  1,236  to 

jibout  *ix  and  a  half  feet  of  intestine,     h  was  always  found  to  be  much 

Mon  had  been  suspended^  and  its  quantity  could  be  increased  by 

i'  of  a  little  solution  of  munna^  sulphate  of  soda,  or  aloes.     The 

hus  obtained  wa^  clear,  slightly  yellowish,  with  a  saline  taste  and  an  alkaline  re- 

ii-     It  was  mixed  with  mucus,  which  formed  a  sediment  when  the  fluid  was  allowed 

•taoil,  and  eonld  he  separated  by  filtration.     Notwithstanding  the  care  with  which 

'    Tvations  were  conducted,  it  is  not  probable  that  the  fluid  thus  obtained  bj 

fbo  normal  intcstimd  juice;  and  it  certainly  does  not  correspond  in  its  gen- 

with  the  tluids  which  have  been  studied  by  other  experimenters* 

n  TDtorcsting  question,  in  this  connection,  to  determine  whether  the  soli- 

'».h1  glands  produce  any  secretion  which  is  discharged  into  the  intes- 

-  .    -  ugh  these  follicles  are  closed,  the  observations  of  Colin  have  shown 

lusively  that  they  are  capable  of  producing  a  secretion ;  hut  the  precise  mode 

iruation  is  not  so  apparent.    The  experiment  by  which  this  was  demonstrated 
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was  made  on  &  jAg^  on  animal  in  which  ihere  is  an  enormons  agminate  gland,  riUbon- 
shaped  and  over  six  feet  in  length.  TIjat  portion  of  the  ileum  in  which  the  jrliind  is 
situated  was  emptied,  and  ohout  four  an*]  a  lialf  feet  of  it  wtTe  ii^olated  by  two  lipitures 
from  the  rest  of  the  canal*  At  the  end  of  an  hour  the  imimal  was  killed  and  the  intc&tine 
examined.  The  sarfaco  of  the  gland  was  found  covered  with  a  layer  of  mucu?>  thicker 
and  more  consistent  than  over  other  portions  of  the  membrane.  The  only  way  in  which 
it  could  reasonably  be  supposed  that  thi^  secretion  was  produced  is  by  exhalation  tliroogh 
the  membrane'^  of  the  follicles,  as  there  is  no  evidence  that  their  contents  are  dischai^ed 
by  rupture. 


::N-^ 


7, 


( 


Fio.  VL-^In^atoU  portion  i\f  the  intetttne.    (OolixL) 

Taking  only  into  consideration  experiments  upon  the  inferior  animala,  little  definite 
information  has  been  obtained  concerning  thecomj>osition  and  properties  of  the  intestinal 
juice.  We  can  readily  see  that  thii^  must  be  the  case,  since  it  has  thus  far  been  impossi- 
ble, in  observations  of  this  kind,  to  fultil  the  necessary  physiological  conditions.  Farther 
factvS  are  evidently  needed  to  hnnmrni/.e  the  opponte  results  arrived  at  by  diflferent  ex- 
periraenters.  It  was  the  santo  in  tlie  pro^rress  of  the  physiology  of  stomach -digtv^tion, 
which  was  unsettled  and  obscure  until  the  normul  gastric  juice  was  obtained  by  Beau- 
mont. The  following  case  of  intestinal  fistula^  reported  by  Busch,  has  done  mach  to  clit'»|f 
cidate  this  aubject :  ■ 

The  case  referrofl  to  was  that  of  a  woman,  thirty-one  years  of  age,  who,  in  the  sixth 
month  of  her  fourth  pregnancy,  was  injured  in  the  abdomen  by  being  tossed  by  a  bull,  h 
The  wound  was  between  the  umbilicus  and  the  pubes,  j^rcsenting  two  contignons  op«n-  ■ 
ings  connected  with  the  intestinal  caoal.     It  was  supposed  that  the  openings  were  into 
the  upper  third  of  the  *sniall  intestine.     At  the  time  the  patient  lirst  cnme  under  observa- 
tion, every  thing  that  was  taken  into  the  stomach  was  diseh.nrged  by  the  upper  opening,  M 
and  all  attempts  to  establish  a  comunmi cation  between  the  two  by  a  i^urgieal  operation  m 
had  failed.     At  this  time,  the  patient  was  extremely  emaciated,  had  a  voracious  appetite, 
and  was  evidently  suficnng  from  defective  nutrition  resulting  from  the  constant  dis- 
charge of  alimentary  matter  from  the  fistula.    Having  been  treated,  liowover,  by 
introduction  of  cooked  alimentary  aubatancea  into  the  opening  connected  with  the  loi 
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out  of  llie  mlestincs  ftlie  soon  improved  in  bor  nntrilion  and  was  ihon  mad©  tbo  sul^ect 
of  •zt0Odc«i  untl  intL'restin}^  observjition^  upon,  intestinai  digesiiQii. 

Wtlli  r«^rtl  to  tlit7  ^t^at*rtLl  pt-oporties  of  ttii*  intestinal  juieo,  tbe  obi^ervatiouB  of  BtiBcb 
Kb  cftSiir  of  tntcstinai  fistutn  agree  witb  tboso  of  Bidder  and  S<^hniidt  upon  tbc  kiwer 
He  never,  in  rli©  natural  condition,  found  a  large  fjurintity  of  secretion  in  tbe  in- 
Tbe  rtoid  was  wbite  or  r»f  a  pale  ro^-color,  consistent^  amJ  always  strongly  alka- 
fia^     1  lum  proportion  of  &tjlid  matter  wbieb  it  contained  was  74  and  tbe  mini- 

I,     BMirn,  ■'  nU     The  secretion  ap[>arently  coidd  not  be  obtained  in  suflicieot  quantity 

^^b  iniiiysiis.     No  better  opjiortunity  than  tin*  coold  be  presented  lor  studying 

BBe  _. . .  -  il  j  nice  in  Its  pure  state*  The  nature  uf  tbe  ease  made  it  ini[>osisible  that  tliere 
■  ^SionJd  b©  any  iidmixtnre  of  food,  puncreatie  juice,  bile^  or  tbe  secretion  of  tbe  duodenal 
'  fUiMb;  luid*  during  tbe  procesa  of  fllgestion,  the  lower  [lart  of  the  intestine  undoubtedly 
proJBiSisd  a  fluid  of  perfectly  normal  character.  When  we  come  to  conader  tlie  action 
of  ibe  tDt^titial  juice  Ufion  the  various  articleti  of  food,  our  most  reliable  facta  will  be 
dnvn  from  the  obi^ervations  mode  upiUi  thi^f  ea^e. 

Prum  irliat  has  been  ascertained  by  experiment*  upon  tbe  lower  animals  anil  ohij«ervo- 
duiMon  ll*«  biuuan  subject,  tbe  intestinal  juice  has  been  bbown  to  possess  the  tollowing 
chATATtcre: 

lu  qiuuitity  in  any  portion  of  the  mucous  membrane  wbicli  con  be  cjcnmincd  h  small ; 

iat,  wfatfii  the  extent  of  tlic  canal  is  considered,  it  is  evident  that  tbe  entire  quantity  of 

tBlcitiiul  juice  mu8t  bo  great,  although,  beyond  this,  no  reliable  ci^timate  can  be  made. 

THo  intestinal  juice  is  viscid  and  has  a  t^jndency  to  adhere  to  the  mucous  membrane, 

iriier  culork'HM  or  of  a  faint  rose-tint,  and  its  reaction  \s  invariably  alkaline. 

til  the  composition  of  the  intestinid  juice,  little  of  a  definite  'haraeter  ha« 

mnieit     All  that  can  be  »aid  is  that  iU  solid  constituenti*  exist  in  the  proportion 

It  5*47  parts  per  linndred,     In  most  analyses  of  tluidis  iVom  the  intestine,  tliere  is 

L«>  t^lieve  that  the  normal  intestinal  juice  was  not  obtained. 

'j-jn!>  which  secrete  tbe  fluid  known  as  the  intestinal  juice  are  the  follicles  of 

the  glands  of  Hrunner,  and  possibly  the  solitary  foUick'*i  and  patches  of  Peyer. 

d,  however,  is  chielly  secreted  hy  the  foll!cle.s  of  Lieberk&hn,  which,  as  we  have 

■:j*t  ?n  Tfjo  mucous  membrane  of  the  intestine  in  inuiienhc  nuniber^i.     Although  the 

iiione*!  i\n  not  contribute  much  to  the  secretion,  they  pnxluce  a  certain 

i  and  the  intestinal  juice  must  be  regarded  as  a  compound  Add,  like  the 

mtvt^  and  not  tbe  prodnct  of  a  single  variety  of  glands,  like  tbe  gastric  juice. 

Action  of  the  Intestinal  Juice  m  Digestiofu 

Ti^  -ical  action  of  tbe  intestinal  juice  has  been  closely  studied  in  the  inferior 

Umi)-  .  hs  and  by  Bidder  and  St^bmidt,  but  their  experiments  have  been  »ome- 

•Qtrarlietory.    All  observers,  however*  are  agreed  that  this  fluid  is  more  or  less 

in  tmn^fortntng  itarcli  into  sugar.     We  mugt  turn  finally  to  tbe  observations  of 

.  on  tbo  case  of  intestinal  fistula  in  tbo  human  snbjecU  for  the  most  satisfactory  and 

Mon  on  thlH  subject.     In  many  points,  it  is  true,  these  observations  siin- 

which  have  been  made  u[)on  the  inferior  animals  but  they  are  of  great 

^h  conclusively  many  important  facta  regarding  lb©  physiological 

»l  juico  in  the  human  ffabject. 

i^  rcpfjrted  by  Huscb,  starch,  both  raw  and  hyil rated,  when  introduced  into 

.  -  .   .i»t'ning,  where  it  came  in  contact  only  with  tbe  inteutinal  juice,  was  invariably 

i^>i|S«d  inio  glucose.     Cane-sngar  was  not  transformed  into  glucose  but  appeared  in 

tW^MB^  ur.     TIhh  i§  important,  with   reference  l>olb  to  tbo  want  of  action 

iftli^  ialr-:  '  upon  rane-siU^'ar  and  the  fact  that  eane-sngar,  as  such,  is  not  ab- 

**rM  In  qn  -final  mucous  membrane. 

Ccagolat^  »ked  meat  were  always  more  or  less  digested  by  tbe  iat«»- 

^Joloft.    Till*  fact  coincides  witb  tbe  observations  of  Bidder  and  Schmidt. 
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The  abservatioBB  which  were  made  oa  ftttis  melted  butter,  and  eod-liver  oil^  showed 
that  the  pure  intestmal  juice  had  little  or  no  flction  upon  tlieto.  The^  substances  alwfij« 
appcviired  m  the  tkces  uncliariged.  Wlj^n,  haNvovcr,  fatter  mattc^rs  were  taken  into  tlie 
stfjiiiucb,  they  were  discbn.rj^ed  from  tbe  upper  opening  in  the  intestine,  In  the  liirm  of  ti 
very  tine  emnlsion,  and  could  not  be  recognized  as  fat. 

It  is  evident^  from  these  facts,  that  tbe  intestinal  juice  is  important  in  digestioD,  man 
as  a  fluid  which  aids  the  general  proeees  as  it  takes  place  in  the  small  intestine  than 
one  winch  has  a  peculiar  action  npoti  any  dii^tinct  class  or  classeB  of  uUmentary  princfe 
pies.  It  undoubtedly  assists  in  completin^jr  the  digestion  of  albuminoid  subi^^auces  and  i 
transforming;  starch  into  suf?ar.  Although,  in  the  latter  process,  its  action  is  ver 
marked^  the  sjime  property  belongs  to  tbe  sidiva  nnil  the  pancreatic  juice,  Intlmatcl] 
mingled— as  it  always  is  during  digestion — with  the  bile  find  the  pancreatic  juice  ns  well 
as  with  various  alimentary  substances,  the  intestinal  juice  should  be  eludied  as  it  operate 
upon  the  food^  in  connection  with  the  other  fluids  found  in  the  small  intestine,  the  dipt 
live  action  of  all  being  most  intimately  associated. 

Pancreatic  Juice* 

The  physiological  anatomy  of  the  pancreas  does  not  demand  a  very  extended  consid 
eratitm,  as  most  of  the  points  of  its  descriptive  anatomy  have  no  direct  relation  to  it 
physiology,  and  its  minute  anatouiy  belongs  properly  to  the  subject  of  secretion.  Tiit 
pancreas  is  a  glandular  organ,  situated  transversely  in  the  upper  [larfc  oF  the  abdoniina 
cavity,  and  closely  applied  to  its  posterior  walk  Its  forin  is  elongated,  with  an  eularged|l 
thick  portion,  called  the  head  (wbicli  is  attached  to  the  duodenum),  a  body,  and  a  pointed 
extremity,  which  ia  iu  close  relation  to  the  hilnm  of  the  spleen.  Its  average  weight  i^ 
from  four  to  five  oances ;  its  length  is  about  seven  inches ;  its  greatest  breadth,  about  i 
inch  and  a  half;  and  its  thickness,  tliree-qnarters  of  an  inch.  It  lies  bcldnd  the  perit 
neum,  ivhicb  covers  only  its  anterior  surface. 


Pio.Ta.— 6.r 

the  bUt$«duct ; 


ii%tetttn  choiHi0ChtiM^  and  pancTta*.    (L«  BOD,> 
giUuif  of  the  Mt'oncl  durt  of  th€>  pnDcrt'As;  <f,  opening  of  the  pUMIVttfe  1 
ei,  f,  rluodcnuiti ;  /.  ductus  cholcdix-liua ;  /?,  pai}cnM«. 


According  to  Bernard,  who  has  made  nnmerons  investigations  into  the  anatomy  of 
this  ghintl,  there  are  nearly  always,  in  the  hurann  subject,  two  ducts  opening  into  the 
duodenum;  one  which  opens  in  common  with  the  ductus  communis  cfioledochua,  and 
ODO  which  opens  about  an  inch  above  the  main  duct,  called  by  Bernard  the  recurrent  < 


PANCREATIC  JUICE. 


set 


mommoff  duct  The  mmn  duct  \s  about  an  ej|(tbth  of  an  inch  in  diameter  and  extends 
^Q^  the  bady  of  the  glnnd^  becoming  larger  a*  it  nppronches  the  openiog*  The  aec- 
ood  duel  La  MDaUcr  and  became^  diminished  in  roliber  oh  it  neara  the  dnodenam,  Manr 
MMftmnbla  de^ribe  bnt  a  single  duct^  regarding  the  other  aa  anomalous.  The  dissections 
of  Bemar*!,  hovr^vof,  were  very  numerous  and  gho\v  ttie  almost  constant  oceurrence  of 
IVP  ducts. 

Ill  general  appearance  and  minute  ^tmciure.  the  pancreas  is  like  tlie  piirutid  and  mh- 
mftxill&iT  gianrld.  By  the  older  anatomists  it  wild  known  as  the  ^^  abdominal  i^alivary 
f^maA,'*  mh  account  of  thin  resemblance  in  fttmcturc  and  an 
swiiiaie^l  «iniihirttj  in  the  nature  of  their  secri^tions.  KoconT 
dvrebopcaents  in  the  physiology  of  the  paDcreatlc  juice  have 
ISiLi«d  this  name  to  be  discarded. 

Boroard  was  the  first  to  obtain  normal  pancreatic  juice 
from  a  living  animal  and  to  give  a  definite  idea  of  It^  properties 
md  fiinrtions;  a  point  which  it  U  proper  to  particularly  insist 
Qpou.  iniismach  as»  since  liis  discovery,  some  ha%'e  pretended 
that  the  facts  whieh  he  established  had  been  demonstrated 
Wbnf-  The  following  method  for  collecting  the  pancrentic 
Hice  from  a  livin?  animaK  one  which  we  have  repeatedly  cm* 
trtfd  with  soccea*,  is  essentially  that  recommended  by  Ber- 
nini: 

The  animal  generally  employed  by  Bernard  in  these  ex- 

nta  U  the  dog.     Selecting  one  of  tolerably  large  size, 

vcured  t^  the  operatiiig-table  and  placeti  upon  his  left 

wla.     An  incision  from  three  to  four  inches  in  h^ngth  is  then 

made  in  the  right  hypochoudrium^  just  below   and  parallel 

»tth  the  bnrder  of  the  last  rib.     The  parts  are  first  divided 

4ova  to  the  fascia  transversalis  and  tlie  peritoneum.     An 

QIMdnor  is  then  made  into  the  abilominal  cavity  about  half 

*4  the   iiicbion   through   the   sliin  and    miiaoles, 

>j:^  to  view  the  duodenum  and  a  portion  of  the  pan- 

otaib    Ih*}  duodenum,  with  the  pancreas  attached  to  it,  is 

t^  carefully  drawn  out  of  the  abdomen.     The  nt^xt  i^tep  is 

lii  intfuduce  a  small  canula  into  the  principal  pancreatic  duct. 

-    In  the  dog,  there  are  always  two  pancreatic  ducts;  a  small 

I  dei %  which  opens  into  the  intestine  at  or  near  the  opening  of 

*'   ■  '         t,  and  a  principal  duct,  which  is  situated  about  an 

To  collect  the  juice,  the  tube  should  be  intro- 

dtt£«4  ihUf  the  prin«^ipal  duct^     This  is  found  by  turning  the 

iwdttram  and  pantTcas  so  as  to  expose  the  posterior  surface 

«ftfcf  ijland,  when  the  duct^  which  is  very  abort  and  almost 

r*^r..,lMl  hy  the  tissue  of  the  pancreas,  may  be  seen  oblique- 

11  irating  tlie  intestinal  wall     In  the  dog,  the  pancreas 

•     :  ijpoi^-il  of  two  portians;  one,  called  the  hon;tontnl  por- 

f-ii   n-vh  is  attached  lo  the  duodenum,  ami  a  vertical  por- 

'     :      :i-M^8  aw*ay  from  the  intosttne  between  the  folds 

h       [i     ry.    The  dnct  is  generally  situated  near  the 

^  here  the  pancreas  c<?a*ies  to  be  attached  to  the  intes- 

Thc  tifisui)  of  the  pancreas  is  to  be  carefully  pushed 

•i*y  from  the  duct  with  the  end  of  the  canula  or  the  point 

"^  1  knife,  a  small  longitudinal  slit  is  made  in  it  with  the 

s  and  a  silver  cnnuin,  about  one-twelfth  of  an  inch  in  diameter  and  four  inches  in 
vt]<,  M  Inlrodnced  and  firmly  aecnred  in  place  by  a  ligature  which  baa  previously  b«en 
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thpown  around  the  iluct.     The  canula  shoiilil  be  provided  with  a  well-fitting  Btjlet»  wii 
the  point  rounded  so  thnt  it  may  l»c«  introduced  into  the  duct  with  easae;  and  the  end  oj 
the  canula  should  be  r^omewhat  roughened,  so  timt  the  ligature  may  secure  it  well  til 
place.     The  oanulu  will  enter  the  duct  tor  a  i*hort  di.s.tance  only*  and  it  diould  not  he  la^ 
trcHJuced  tbrcitdy.     After  this  has  been  accomplished,  the  canula  may  be  steadied  hj  at 
taching  it  with  a  single  stitch  to  the  wall  of  the  intestine.     The  stylet  h  now  to  be  with^ 
drawn  and  the  parts  carefully  returned  to  the  abdomen,  leadng  the  end  of  the  cwnu 
projecting  at  the  anterior  portion  of  the  wound,  which  shoidd  be  carefully  closed.     Ber 
nard  rccomraends  to  tirst  raise  u[i  the  fascia  and  jjerittmeuui  with  hooks  and  carefully ' 
attach  their  edges  witlj  sutures,  and  then  to  close,  in  the  same  way,  t!ie  incision  in  iJie 
niuiicles  and  integument.     The  animal  nuiy  now  be  kei>t  upon  the  table,  and  the  fluid 
which  is  discharged  from  the  tube  collected  in  a  test-tube,  or  a  thin  gum-ela^tic-bag  may 
be  attached.    This  may  be  provided  with  a  stopcock,  so  that  the  fluid  may  be  drawn  off 
at  will. 
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Fjo.  ?6,— iVrnttto/awf  in  the  pancrfatie  4uet    (Benuird,) 

A,  pHnclpiil  p«Den*Atie  duct  of  tlie  clojr;  B.itnialk'r  ]iaDcrcaUc  duet;  C,tl(rAtur€'  s^curlon^  &  CAonlik  la  the  prtiidpft)  duetj  ' 
l^.  iJ,  llinituro  AtUcbilig  thp  camilw  to  tbo  iDt«'fttlin.\  for  PCtMiHty;    E,  caoula;    F,  bladder,  inOTtdcd  with  «  iUip* 
cock  Q^  to  coUvot  tbu  patieruaUo  Juice;  V,  P,  ixuDcrfOs ;  I,  L  Itit^tiAC, 

like  the  other  digestive  fluids,  the  pancreatic  juice  is  secreted  in  almndance  only, 
during  the  proce>is  of  dicrestion.  It  is  therefore  uecessyiry  to  feed  the  animal  moderately 
alioiit  an  Iiour  before  the  operation,  ho  that  the  pancreas  may  be  in  fidl  activity,  When 
it  is  cxpiiAi'd  at  that  time,  it  is  tilled  with  blood  and  has  a  rosy  tint,  contrasting  strongly 
with  it^  |>t*le  appearance  during  the  intervsds  of  digestion. 

In  performing  the  above  experiment,  it  is  generally  better  not  to  employ  an  anais* 
thetie  agent,  as  this  very  frequently  produces  vomitings  arrests  digestion  for  a  time,  and 
consequently  interferes  with  the  secretion  of  the  pancreatic  Juice.  This,  however,  is  not 
always  the  case.  We  have  sometimes  performed  the  operation  with  the  aid  of  ether  and 
have  obtained  a  fair  amount  of  fluid.  It  is  also  necessary  to  avoid  traction  upon  the  duo- 
denum as  much  as  possil>le,  for  this  is  alruost  sure  to  produce  vomiting.  To  obtain  tho 
best  results,  the  operation  should  be  performed  rapidly  and  with  \*ery  little  exposure  of 
the  pancreas.  In  some  very  successful  experiments,  Iternard  has  obtained  frt>m  sixty 
to  one  hundred  grains  of  jnico  in  an  hour,  from  a  dog  of  medium  size. 

Some  of  the  most  interesting  facts  developed  by  Bernard  concerning  tlie  pancroatie 
jiiioi»  relate  to  phenomena  connected  with  its  secretion.     It  is  important  to  remember 
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thai  tb*  MerttioD  of  the  pancreas  is  entirely  suspended  during  the  interval  of  dig^)«tioii. 
Tkm  fkol  hji^  been  definitely  settled  by  Bernard  and  can  easily  be  observed  by  opening 
iawttalft  in  digt^^oti  and  while  fasting;.  In  tbe  first  iiii^tance,  tie  pancreatic  duct  will  be 
focmd  ftiU  i>f  nymiid  secretion,  and^  in  tbe  utber,  it  will  be  almc»st^  if  not  entirely,  empty, 
HefAArd  l^as  idso  funnd  tljat  the  pancreatic  juice  begins  to  fiow  intu  tbe  dtiodenuui  daring 
t^  fint  fieriods  of  ^tomaeb-iligestion^  before  alimentary  matters  have  begun  to  pass  in 
onuililT  into  the  mteatine. 
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f  (ftm^),  In  Which  a  iMmrrcntte  tbtttla  has  i  fied    A,  eilrtr  tub*  to  whiefa  i 

'  d;  At  bkddtr;  C,  »u>sxfOck  /or  tbe  parpo«ii  of  culUicUng  tbo  Joice  which  ftccumuMei 


Another  important  fact  determined  by  Bernard  is  that  the  secretion  of  the  pancreas 
I»  tctdtlj  roodifit-d  by  irritation  and  inflammation  following  the  operation.  When  we 
mnt  to  treat  *>f  the  j^eneral  pro[i('rtie9  of  tl>e  normal  pancreatic  fluid,  it  will  be  seen  that 
(ti  rhttrmctcrisfics  are,  decided  alkalinity,  viscid  consistence,  and  coagulability  by  heat. 
Is  11  almoel  always  tbe  crise  that,  n  few  honrs  aft-er  the  cannla  is  fixed  in  tbe  duct,  the 
Joict  loees  some  of  these  characters  and  flows  in  abnormal  quantity.  With  respect  to 
MctftibUtty  to  irrifation,  the  pancreas  is  peculiar;  and  its  secretion  is  sometimes  ab- 
aornui]  from  the  first  moments  of  the  experiment,  especially  if  the  operative  procedure 
htrt  Wen  prolonged  and  ditfienlt.  That  the  propertit*s  above  described  are  characteristic 
^thr  ttormal  pancreatic  secretion,  there  can  be  no  doubt ;  as,  in  all  instances,  fluid  taken 
bni  t'  itic  duet  of  an  animal  suddenly  killed  while  in  foil  digestion  is  strongly 

ilbliii  md  coagulalde  by  beat.    This  excessive  sensitiveness  of  the  pancreas  has 

WOAcr  s  ail  the  attempts  of  Bernard  to  establish  a  permanent  pancreatic  fistula 

hm  rii^rmal  juice  could  be  collected;  and  we  are  not  disposed  to  admit  that 

T  ed  by  recent  German  obaervers,  from  permanent  fistulffi,  repreients  phys- 
'^.i^c^  uouJ, Lions, 


'  Praptrtm  nnd  Compoiiiion  of  the  Pancreatie  Juice. — In  all  tbe  inferior  ani- 
ftibfroiii  wbioh  the  piuicreatic  secretion  has  been  obtained  in  u  normal  condition,  the 
Ud  htf  been  found  to  present  pretty  uniform  characters.     It  is  viscid,  gligbtly  opaline^ 
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and  bas  a  distinctly  alkaline  reaction.  Bernard  found  the  specific  gravity  of  the  fluid 
from  the  dog  to  be  1040.  The  cjtiantity  of  organic  matter  which  the  normal  secretion 
contains  is  very  greats  so  that  the  Hind  i«  conipletoly  soUditied  on  the  application  of  he 
This  great  coagnhihilily  is  one  of  the  properties  by  which  the  normal  tiuid  may  be  dii 
guished  from  that  which  has  ondergon©  alteration. 


Composition  of  the  Pancreatic  Juice  of  the  Dog.     (Bernard.) 

Water ...,     900  to    920 

Organic  laalU'r.  precipi table  by  alcohol  and  containing  \  *7%*Atk 

always  a  little  lime  (pancreatine) f  *  *  * 

Catbctniite  of  Boda,         "i 

Cbtande  of  sodium,         I  , ^ ^ 10  to        C40 

Chloride  of  potafi:9iuin^  i  

Phosphate  ofliioe,         J  l.w<J      l|Ot>0 

Most  of  the  analyses  which  hare  been  made  of  the  pancreatic  €nid  nre  Dot  to  b^  rdiitl 
Qpon^  as  the  manner  in  which  the  juice  was  obtained  shuws  generally  tliat  it  was 
normal.     There  is  no  doubt,  however,  that  the  tiuid  which  was  obtii'med  from  the  do 
and  analyzed  by  Bernard  possessed  all  of  its  chanicteristic  physiological  properties. 

The  chemical  properties  of  the  organic  priuciple  of  the  pancreatic  juice  are  distinctive. 
AltJiough^  like  alhuiiien,  it  is  coagalated  by  heat,  the  strong  mineral  acids,  and  absolatc 
alcuhoh  it  differ.^  from  albiunen  in  the  fact  that  its  dried  aleuh*»lic  precipitate  can  be  re* 
diissolved  in  water,  giving  to  the  solution  oil  the  idxysiological  properties  of  the  normal 
pancreatic  secretion.  Bernard  has  also  found  that  pancreatine  is  coagulated  by  an  excels 
of  sulphate  of  uiagnesia,  which  will  coiigulate  caseitie  but  has  no  eU'eot  upon  albnmen. 
It  is  important  to  recognize  this  distinction  between  pancreatine  and  other  nitrogenized 
principleis  especially  albumen,  from  the  fact  that  the  last-named  snbstiince  has  the  prop-| 
erty  of  forming  an  emulsion  with  fiits,  though  not  so  readily  and  completely  as  the  pan* 
creatic  juice;  and  it  is  essential  to  decide  whether  the  organic  principle  bo  n  peculiar 
and  distinct  substance,  or  albumen  transuded  pathologically,  perhaps^  from  the  blood. 
There  can  be  no  donbt,  in  view  of  the  marked  chemical  and  physiological  pecnliarities  of 
pancreatine,  that  this  is  a  distinct  proximate  principle,  which  is  characteristic  of  the! 
pancreatic  secretion  and  found  in  no  other  fluid.        . 

Researches  have  shown  that  pancreatine  is  the  essential  physiological  constitTient  of  i 
the  pancreatic  juice  and  the  only  one  which  gives  this  fluid  its  peculiar  digestive  proper-  I 
ties.  The  contents  of  tbe  duodenum,  as  the  partly  digested  matters  pass  from  the  stomach, " 
are  generally  acid ;  but  this  does  nut  fit  hW  interfere  with  the  action  of  the  pancreatic  ' 
jnice.  Although  the  secretion  it'^elf  is  alkaline,  it  retains  its  physiological  propcrtief 
when  it  has  been  rendered  acid  by  admixture  with  gastric  juice. 

The  inorganic  constituents  of  tl»e  pancreatic  juice  do  not  possess  any  great  physiologic 
cal  interest,  inasmuch  as  they  do  not  seem  to  be  essentinl  to  its  peculiar  digestive  projwr-  | 
ties.     It  has  been  shown,  indeed,  by  Bernard,  that  the  organic  principle  alone,  extracted 
from  the  pancreatic  juice  and  dissolved  in  water,  is  capable  of  imparting  to  the  fiaid  all 
the  physiological  characters  of  the  normal  secretion. 

The  entire  quantity  of  pancreatic  jalce  secreted  in  the  twenty -fonr  hours  baa  I 
variously  climated  by  different  authors.     After  what  has  been  said  concerning  the  varia^ 
tions  to  which  the  secretion  is  subject,  it  is  not  surprising  that  these  estimates  should 
present  great  diflerences,     Bernard  w?is  able  to  collect  from  a  dog  of  medium  size  from  m 
eighty  to  one  hundred  grains  in  an  hour ;  but  it  must  be  remenibered  that  only  one  of  tie  H 
ducts  was  operated  upon,  ami   that  the  gland  is  always  very  susceptible  to  irrit.ition.  H 
There  is  no  accurate  basis  for  an  estimate  of  the  quantity  of  pancreatic  fluid  secreted  in  ^ 
the  twenty-four  hours  in  the  human  subject,  or  of  the  quantity  necessary  for  the  digestion 
of  a  definite  amount  of  food,  ^m 
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rciltke  tlio  grj^trio  juic<9,  the  secretion  of  the  pancreas^  ander  ordinary  conditions  of 
liasi  and  moisturi?,  rajndly  nndergoci*  decomposition.  In  warm  and  atonny  weather*  the 
i»  mArk«^d  in  a  fow  liuurs;  but,  at  a  temperature  of  from  50"  to  70"  Fahr.,  it 
gTAdnallj  in  from  two  to  three  A&js,  The  cbangus  which  the  fluid  thus 
re  interesting,  from  the  fact  that  some  physioIogiBtiJ,  h living  txperitiiented 
vitk  mm  altcrinl  or  an  al»nonual  ftecretiou,  liuvt?  t'ullod  to  recognize  certnin  of  the  churac- 
UrMe  propertied  of  the  normal  tiuid.  An  it  tbuB  undergoes  deconipoBitiun,  the  tiuid 
ii^wes  m  rerj  utiensive,  putrefactive  odor,  and  ita  co«g:ulahility  dimmisbes,  unlU  hnaJly 
it  b  not  alfectcd  hy  bent.  The  alkalinity,  however*  increoi^cs  in  Intensity ;  and,  when 
itfltimlixed  with  an  acid,  tliere  is  a  coot^ideralda  evolution  of  carbonic  acid,  which  dociii 
in  fresh  pancreatic  juice. 


Action  of  the  Pancreatic  JTiuce  in  Digestion^ 

it  IS  only  smc€  th«  observations  of  Bernard^  in  1848,  that  the  pancreatic  juice  has  been 

led  MA  a  fluid  of  any  great  importaoco  in  digestion.     It  has  now  been  demonstrated, 

by  eased  of  disorganization  of  the  pancreas  in  man  and  by  experiments  on  animals 

fwtiicb  t2ftO  tissue  of  tbe  organ  has  been  destroyed,  that  the  pancreatic  juice  is  essential 

^dlgodoo  and  to  life,  animals  dying  of  inanition  wben  tt:^  function  has  been  abolished. 

T\xe  muat  striking  feature  in  tbe  discovery  made  by  Bernard  was  the  action  of  the 

juiee  in  the  di^t^slion  of  fats;  it  being  shown   that  these  principles  are  act^sd 

9l  exchiJiivBly  by  tlie  pancreas,  and  that  they  pa^s  through  the  alimentary  canal 

rhen  this  organ  has  been  destroyed.     For  this  reason,  probably,  tlie  action 

pancreaa  in  the  digestion  of  fatty  substances  has  received  an  undue  prominence ; 

action  upon  other  articles  of  footl,  though  not  at  the  present  day  overlooked,  does 

fWjM  receive  proper  consi<leration.     We  shall  find  that  the  pancreatic  juice  has  an 

it  action  in  the  digestion  of  nearly  all  the  alimentary  principles  as  they  pass  out 

imitlieslotziach. 

Attifi^  wpfpn  FaUt, — Even  before  Ui©  publication  of  Bernard's  researches,  it  was  pretty 
1^  !  that  the  digestion  of  fat  conelsted  in  its  minute  gnbdivision  ancksns- 

"vm  of  an  emulsion.  This  view  was  adopted  from  the  fact  that,  during 
tt»  absqr|itioD  of  fats  from  the  intestinal  canal,  the  lacteals  and  thoracic  duct  always 
wtite  innomerable  small,  fatty  globuJes;  but  tho  ideas  of  physiologists  as  to  the  par- 
^fliUr  ilaid  by  which  tbe  emulsification  of  fats  is  accomplished  were  not  very  well 
Mtilid.  The  most  generally-receive*!  opinion,  however,  was  that  this  was  effected  by 
tUUli;  bat  experinientf  on  this  subject  w*ere  very  contradictory. 

Onaof  the  most  remarkable  facts  observed  by  Uernanl  was  that,  in  the  rabbit,  after 
tUiii^MSion  of  fatty  matters,  vessels  filled  with  wliite  chyle  do  not  make  their  ai)pearance 
« the roinmencement  of  tbe  small  intestine,  as  in  other  fmimals,  but  are  first  seen  from 
t**lt«  ta  twenty  inches  below  the  pylorus.  The  anatomical  peculiarity  in  these  animals 
^clttt  th*  pancreatic  duct,  instead  of  opening  into  the  intestine  with  the  bile-duct  at  tho 
t;^  part  of  the  small  intestine,  has  its  opening  from  twelve  or  twenty  inches  below, 
J«  tt  th«  point  where  the  chyliferons  vessels  are  observed.  This  fact,  which  we  have 
fe|tt«illy  confirmed,  points  directly  to  the  pancreatic  juice  as  tbe  agent  principally,  if 
trt«idn*T\'**ly.  concerned  in  emulsifying  the  fats;  while  it  shows  that  the  bile  possesses 
lid*  or  "  ncy  in  this  regard.     Following  out  this  line  of  inquiry,  and 

^trstifi  liable  pancreatic  joire  and  the  liquid  fats  or  tJiose  capnble  of 

MfiigHquelied  by  gentio  heat,  it  was  found  that  flight  agitation  of  this  fluid  with  the  fats 
fni^tcfd  a  vtfry  fin<»  and  permanent  emulsion,  similar  in  every  respect  to  the  milky  fluid 
i>^in  Ui»  lartonU  during  digestion.  In  fact,  comparative  analyses  of  the  lymph  and 
r^It  have  tbowti  that  tho  latter  liquid  Is  nothing  more  than  lymph  with  the  addition  of 
^ty  CBmhioii,  As  socm  as  the  absorption  of  fat  is  completed,  the  lacteal  vessels  lose 
Ite  ifflMiis^  white  contents  and  carry  nothing  bat  colorless  lymph.    This  is  one  of  the 

Id 
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great  experiznetital  facts  npon  wbtch  is  bused  tlie  view  th&t  tbe  pancreatic  juice  has 
property  of  digesting  the  fats.    Concerning  the  aocorocy  of  this  obsi^rvatioo  there  cao  1 
no  doubt.     The  fact  has  been  so  frequently  confirmed,  that  it  must  now  be  considered  i 
established  beyond  qnestion^  and  we  c^n  add  our  testimony  to  its  accuracy  from  per 
observ'ation.     It  is  true  that  some  of  the  German  physiologists  have  been  unable  to  t 
&rm  thesie  experiments;  but,  by  carefully  IbUowing  out  the  process  indicated  by 
nard,  which  is  detailed  with  great  care,  we  have  invariably  found  his  observatioDS  to  1 
correct.     It  is  well  known  that  many  of  the  German  experlnjenters  operated  with 
creatic  juice  which  was  not  coagulable  and  which  Bernard  regards  as  abnormal  and  i 
capable  of  diget^tting  fat. 

The  pancreatic  juice  la  the  only  one  of  the  digestive  fluids  which  is  capable  of  formin 
a  complete  and  permanent  emulsion  with  fats.  The  fact  that  the  other  digestive  fluii 
will  Dot  accomplish  this  is  easily  demonstrated  as  regards  the  saliva,  gastric  juice^  and  bill 
The  intestinal  juice  \a  then  the  only  one  which  might  be  supposed  to  hove  thii)  property 
The  observations  of  Buseh  on  this  point,  in  his  case  of  intestinal  fistula^  are  conclosit 
He  found  that  fatty  matters  taken  into  the  etomaoh  were  discharged  from  the  upp 
opening  in  the  intestine  in  the  form  of  a  fine  emulsion  and  were  never  recognizable 
oil ;  but  that  fat  introduced  into  the  lower  Intestinal  opening  was  not  acted  upon 
was  discharged  unchanged  in  the  feeces. 

Another  peculiarity  noted  by  Bernard  in  the  emulsion  resulting  from  tbe  action  of 
pancreatic  juice  upon  fats  is  tliat  it  persists  when  diluted  with  water  and  will  p« 
through  a  moistened  filter  like  milk«     This  does  not  toko  place  in  the  imperfect  emulsii 
formed  by  a  mixture  of  oil  with  any  other  of  the  digestive  fluids. 

Although  the  normal  pancreatic  juice  is  constantly  alkaline,  this  is  not  an  indispensii*] 
ble  condition  as  regards  its  peculiar  action  upon  fats ;  for  the  emulsion  is  none  tlie  le 
complete  when  the  lluid  has  been  previously  neutralized  with  gastric  juice, 

Bernard  has  shown  that  the  pancreatic  juice  and  the  tissue  of  the  pancreas  have  thf 
property  of  saponifying  fats,  or  decomposing  tbem  into  a  fatty  acid  and  glycerine,  and  tlm 
this  property  is  not  possessed  by  any  other  tissue  or  liquid  of  the  economy.  The  qucstioxil 
naturally  arises,  then,  whether  this  be  an  accidental  property  of  the  tissue  and  the  secro 
tion  of  the  pancreas  or  whether  partial  saponification  of  fat  take  place  in  digestion.  Co 
ceming  this  point  there  is  no  ditferenoe  of  opinion  among  physiological  chemists, 
fat  which  is  contained  in  the  lacteal  vessels  is  always  neutral ;  and  the  absence  of 
fatty  acid  has  been  recognized  by  Bernard  as  well  as  by  others*  The  inevitable  conclq 
sion  to  be  drawn  from  this  fact  is,  that,  wliile  fat  may  l>e  in  part  decompose  into  an  oci^ 
and  glycerine  by  the  pancreatic  juice,  out  of  the  body,  in  the  natural  process  of  digestio 
either  this  does  not  take  place  or  the  acid  is  not  absorbed  by  the  lacteals.  The  grea 
part,  if  not  the  whole,  of  the  fat  which  is  digested  in  the  small  intestine  is  simply  fornix 
into  an  emulsion  by  tbe  pancreatic  juice  and  undergoes  no  chemical  alteration. 

To  complete  the  experimental  evidence  of  the  action  of  tl>e  pancreatic  juice  in  th 
digestion  of  fats,  Bernard  attempti>d  to  extirpate  or  destroy  the  pancreas  in  a  living  anl<^ 
mal.  This  he  found  very  diflicult.  All  attempts  to  extirpate  the  organ  with  the  knifoi 
being  unsuccessful,  the  injection  of  foreign  matters  into  the  duct  was  resorted  t4>.  A^r 
a  great  number  of  unsuccessful  experiments,  in  two  instances,  the  functions  of  the  gland 
were  suspended  for  a  time  and  its  tissue  was  partly  destroyed  by  tlie  injection  of  melic 
tallow.  In  both  of  these  observations,  the  effects  upon  digestion  were  very  marked.' 
Although  the  appetite  was  voracious,  the  animals  became  gradually  emaciated,  and  the 
ffccea  containeil  a  large  quantity  of  rancid,  undigested  fat.  At  the  same  time,  other  ali- 
mentary principles,  incompletely  digested,  were  recognised  in  the  discharges.  In  two 
dogs  operated  upon  by  Bernard,  in  which  the  experiments  were  successful,  the  nutrition 
and  the  alvine  discharges  became  normal  at  the  thirteenth  and  the  sevent^eenth  day.^ 
After  the  animals  had  completely  recovered,  they  were  killed,  and  the  pancreas  in  1 
instances  was  found  partially  destroyed. 
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lltti  tli^  ftction  of  the  pancreatic  juico  upon  fata  is  so  woU  understood,  it  i$  ii 

'•DPprise  tbat  tlie  CMeB  of  fatty  diarrlicea  connected  with  disorganization  of  the 

wliich  wurtj  reported  by  Dr.  Kichard  Bright,  in  1832,  did  not  diruct  ih^  altvo- 

|^byBioJ<»i!i5'ta  to  the  function  of  tliid  orjtran,     The»e  cases,  with  others  of  a  siniilar 

wliieli  Imve  been  reported  from  time  to  time,  are  now  braoght  forward  aa 

«vkl«siice  of  the  actiofD  of  the  pancreas  in  the  digestion  of  fats.    Mauy  of  them  pre- 

t€a[t4>d  a  train  of  sjmptoKus  aiia]ogi>us  to  those  observed  in  animals  after  partiul  di-strue- 

iioii  of  ilie  ^and.     The  presence  of  fat  in  the  aWine  dtyeetions  was  most  marked ;  and, 

tti  y  HOT  well  known,  this  coold  be  nothiug  but  the  undigested  fatty  principles  of  the 

tltre^s  casea  observed  by  Bright^  the  pancreas  was  found  »o  disorganized 

iting  function  most  ha?e  been  almost^  if  not  entirely,  abolished.     In  the  ease 

Mr.  IJoyd,  the  condition  was  the  same;  and,  in  tJie  case  reported  by  Dr. 

•*the  pancreatic  duct  and  the  larger  lateral  branches  were  filled  with  white 

fririrTi  **    Another  interesting  ca^o  of  disease  of  the  pancreas  is  described  in  the  catalogue 

^ihie  AmilOmical  Miisenm  of  the  Boston  Society  for  Medical  Improvement,  in  IB47.     In 

Iksi  oise,  it  was  observed  by  the  patient  that  fatty  discharges  from  the  bowels  did  not 

tabe  i^aoe  nnleaa  fatty  articles  of  food  had  been  taken.     After  deaths  a  large  tumor  waa 

fiMoid  in  the  situation  of  the  pancreas*,  but  all  truce  of  the  normal  structure  of  die  organ 

Wl  b«eii  destroyed.     Many  more  cases  of  this  character  are  quote*!  by  Bernard  and 

iikiiri,  cod  tiiey  fully  confirm  the  observations  and  experiments  which  have  been  made 

lyott  thii  lower  animals.     They  all  seem  to  shov^r  that  the  function  of  the  pancreas  in 

lire^inn  la  cssentiaJ  to  life,  but  that  one  of  the  chief  dii«orders  in  digestion  ineideiit  to  the 

'ion  of  this  gland  relates  to  the  digestion  of  fats. 

'■*■!  mto  consideration  all  the  facts  bearing  upon  this  saliject,  the  conclusion  is  in- 

flie  chief  agent  in  the  digestion  of  fats  is  the  p.ancrefltio  juice;  and  that  thia 

V  forming  with  the  fat  a  very  fine  emulsion,  thus  reducing  it  to  a  form  in 

!  be  atisorlHMl.     How  far  the  bile  may  assist  in  this  process  is  a  question  which 

E~  consideration  hereafter;  but  the  facts  with  regard  to  the  pancreatic 

Arii  j:  .  Starchy  and  Sticcharin^  Principh*. — All  physiologists  are  agreetl  with 
Vfl  to  tlie  action  of  the  pancreatic  juice  in  transforming  starc!i  into  sugar.  This  waa 
1  Qbaerrod,  in  1&44,  by  Valentin,  who  experimented  with  an  artificial  fluid  made  by 
infiwilir  plec»e8  of  the  pancreas  in  water.  Bouchardat  and  Sandraa  first  noted  this  prop- 
tT'  *  I  tie  secretion. 

i  lin^  starch  into  sugar  is  poaaeflfled  by  aeveral  of  the  digestive 
icud*.  U  i;^  Uiihve  •^evu  tii.it  the  starchy  elements  of  food  are  acted  upon  by  the  saliva, 
ttat  tliU  action  i*  not  lii^cej^^arily  arrested  as  theae  principles,  mixed  with  the  saliva, 
pm  istu  the  stomach,  and  thnt  the  intestinal  jtiico  of  itself  is  capable  of  etfeeting  the 
tnarfbratatlon  of  »iarch  into  sugar  to  a  considerable  extent.  It  therefore  becomes  an 
iif«f<aiit  question  to  determine  precisely  how  far  the  pancreas  is  actually  concerned  in 
Ike  diffftitm  of  this  clas*^  of  principles. 

Bonard  places  tiie  pancreatic  juice  at  the  head  of  the  liat  of  the  digestive  fluids  whicU 
let  npoQ  frturch.  This  view  m  undoubtedly  correct;  althoujih  he  goes  a  little  too  far 
Ia  datrain^  tl»at  starch  is  almost  exclasively  digested  by  the  pancreas,  Bernard's  ex- 
L  however,  were  made  chiefly  on  dog*,  and  these  animals  do  not  natn rally  take 
foofL  In  man,  some  of  the  starchy  principles  of  the  food  are  acted  upon  by 
f^  ttHra,  but,  undoubtedly,  most  of  the  starch  tnken  as  food  is  digested  in  the  small  in- 
i"tiuii,  Altliough  the  intestinal  juice  is  c^ipable  of  effecting  the  transformation  of  starch 
tela  iQfir,  the  experimental  evidence  is  conclnsive  that  in  this  it  is  subordinate  to  the 
piiwiMliojttiee^  which  latter  effects  this  transforitiation,  at  the  temperature  of  the  body, 
1^  tftfttordhiary  artivity.  There  is  no  positive  evidence  that  the  bile  has  any  thing  to 
4)  vHli  ilib  action. 
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To  sam  up  the  whole  process  of  the  digestion  of  starch,  it  may  be  stated,  in  genenJ 
terms,  that  this  principle,  when  hjdrated,  which  is  the  usual  condition  in  which  it  u 
taken  into  the  stomach  of  the  human  subject,  is  slightly  acted  upon  by  the  saliva,  both 
in  the  mouth  and  after  it  has  passed  into  the  stomach ;  when  it  is  taken  raw,  it  is  hy- 
drated  in  the  stomach  and  usually  undergoes  no  transformation  into  sogar  until  it  hia 
passed  into  the  small  intestine;  and,  when  it  passes  out  at  the  pylorus,  mainly  by  the  ac- 
tion of  the  pancreatic  juice  but  with  the  assistance  of  the  intestinal  juice,  it  is  transfonned 
into  glucose  and  in  this  form  is  absorbed. 

We  have  already  followed  out  the  digestion  of  sugar  as  far  as  the  small  intestine. 
Glucose  undergoes  no  change  in  the  stomach  and  is  taken  directly  into  the  circulatioD. 
It  is  probable,  also,  that  a  small  quantity  of  cane-sugar  may  in  like  manner  be  taken  up 
by  the  blood-vessels  of  the  intestinal  mucous  membrane.  It  has  been  shown  that  a  small 
quantity  of  cane-sugar  is  transformed  into  glucose  in  the  stomach,  but,  as  we  noted  in 
treating  of  stomach-digestion,  the  quantity  is  inconsiderable,  and  the  transformation  de- 
pends simply  upon  the  presence  of  a  free  acid  in  the  gastric  juice. 

As  most  of  the  saccharine  principles  of  food  exist  in  the  form  of  cane-sugar,  it  is  the 
action  of  the  digestive  fluids  upon  this  variety  of  sugar  which  possesses  the  greatest  phys- 
iological interest.  As  caoe-sugar  passes  from  the  stomach  into  tlie  duodenum  it  is  al- 
most instantly  transformed  into  glucose.  This  fact  has  lately  received  additional  con- 
firmation in  the  case  of  intestinal  fistula  observed  by  Busch.  In  this  case,  when  cane- 
sugar  was  introduced  in  quantity  into  the  stomach,  fastiog,  the  fluid  which  escaped  from 
the  upper  end  of  the  intestine  contained  a  small  (juantity  of  glucose  but  never  any  cane- 
sugar. 

It  now  becomes  a  question  whether  the  transformation  of  cane-sugar  into  glncoM  be 
eflTected  by  the  bile,  the  intestinal  juice,  or  the  pancreatic  juice.  The  pancreatic  juice 
and  the  intestinal  juice  are  the  two  fluids  which  might  be  supposed  to  have  this  effect; 
for  it  has  been  repeatedly  demonstrated  that  the  bile  hac  of  itself  no  direct  action  upon 
any  of  tiie  alimentary  principles.  This  point  is  settled  by  the  cr\periments  of  Busch  upon 
the  lower  end  of  the  intestine,  in  his  case  of  fistula.  Matters  introduced  into  this  lower 
opening  came  in  contact  witli  the  intestinal  juice  only.  lie  found  that  cane-sugar,  ex- 
posed thus  to  tlie  action  of  the  intestinal  juice,  was  not  converted  into  glucose,  but  a 
large  portion  of  it  was  found  in  the  faices.  Ilis  observations  also  indicate  that  cane- 
sugar  is  not  readily  absorbed  by  the  intestinal  mucous  membrane  until  it  has  been  trans- 
formed into  glucose. 

Out  of  the  body,  the  pancreatic  juice  is  capable,  if  kept  but  for  a  short  time  in  con- 
tact with  any  of  the  saccharine  principles,  of  transforming  them  into  lactic  acid.  Tlie 
contents  of  the  small  intestine  are  sometimes  alkaline  or  neutral  and  are  sometimes  acid. 
When  a  very  large  quantity  of  sugar  has  been  taken,  a  part  of  it  may  be  converted  in  the 
intestine  into  lactic  acid,  and  this  may  happen  with  the  sugar  which  results  from  the 
digestion  of  starch;  but,  under  ordinary  conditions,  starch  and  cane-sugar  are  readily 
changed  into  glucose  and  are  absorbed  without  undergoing  farther  transformation.  All 
the  varieties  of  sugar,  after  they  have  been  absorbed  by  the  portal  vein  and  carried  to 
the  liver,  are  here  transformed  into  glucose,  the  only  form,  apparently,  under  which  they 
can  be  used  in  nutrition. 

Action  of  the  Pancreatic  Juice  upon  Xitrogenized  Principles. — We  have  frequently  had 
occasion  to  insist  upon  the  great  relative  importance  of  intestinal  digestion,  and  it  has 
been  apparent  that,  in  the  stomach,  the  process  of  disintegration  of  food  is  not  final, 
even  as  regards  many  of  the  nitrogenized  principles,  but  is  rather  preparatory  to  the 
complete  liquefaction  of  these  ]»rinciples,  which  takes  place  in  the  small  intestine.  The 
experiments,  already  referred  to,  of  Bernard,  in  which  the  pancreas  has  been  partially 
destroyed  in  dogs,  show  rapid  emaciation,  with  great  voracity,  and  the  passage,  not  only 
of  unchanged  fats  and  starch,  but  of  undigested  nitrogenized  matter  in  the  dejections. 
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pieces  of  tripe  which  had  been  fed  to  the  animiil  wt^re  recognizable  in 

^bj  tbeir  ospeei,  because  of  their  sUght  alteration,^'    The  voraciotii?  uppetite, 

rre  emaciation*  and  the  passage  of  all  classes  of  ulirneutary  substuiices  in  ibo 

niter  tbb  oprratiaii,  demonstrate  concliisivelj  iho  ^Teot  Importance  of  tlic  piincro- 

loe  in  digestioo,     Bnt,  when  wo  inquire  into  the  preoiso  inode  of  actiun  of  ihh 

upon  the  albTiniinottiB,  the  question  becomes  one  of  great  ditliculty.     If  the  bile  be 

from  the  intC'Stine  and  discharged  exteniully  by  a  fiHtulous  opening^  the  aaine 

iatiori  are  observed;  and  yet  there  i.s  no  tsiiigle  alimentary  substauce 

,i^>^  of  it<ielf,  can  be  shown  to  exert  a  decided  digestive  action.     Farther- 

ibis  fkancreatic  juico  ia  evidently  calculated  to  act  upon  alimentary  principk^s  at'Ur 

haw  tieea  subjectod  to  the  action  uf  the  stomach,  a  preparation  which  is  absolutely 

to  ptropcr  intestinal  digestion;  and,  onco  passed  into  the  intestine^  the  food 

net  with  a  miituro  of  pancreatic  juice,  intestinal  juice^  and  bile»     We  hava 

t-fore,  the  special  action  of  the  pancreatic  secretion  upon  the  albmuinoids, 

k»  It  CAD  be  isolated,  and  its  action  in  conjunction  with  the  other  intestinal  fluids 

the  presence  of  other  alimentary  principles  in  process  of  digestion.     The  first 

olwerTfttiong  upon  these  points  were  made  by  Bernard*     He  found  that  the  albu- 

snb^tancea  genenUly,  exposed  to  the  action  of  the  pancreatic  juice  out  of  the 

Wy,  tiocttoie  mpidly  softenetl  and  dissolved  in  Bimio  of  their  parts,  but  soon  passed  into  a 

of  patrefaction.     An  analogoos  change,  it  will  be  remembered,  also  takes  plae^ 

•  iUr«hj  mud  fatty  matters  when  exposed  to  the  action  of  the  pancreatic  juice  out  of 

iW  body,  and  they  pasa  through  the  various  stagea  of  transformation  respectively  into 

i^ut  aicid  and  the  fatty  acids.    Tliij^  putrefactive  acliun  docs  not  take  place  in  albuminoids 

vlkb  iuiTe  been  pretcipitnted  after  having  been  cooked,  or  in  raw  gluten  or  caseine.    The 

irofc-n»*e  of  fat  also  interferes  with  putrefaction  ;  so  that  Bernard  concludes  that  the  fats 

rfant  intluenoe  in  the  intestinal  iligostion  of  nitrogenized  principles. 

t.>  consideration  what  has  been  positively  ascertained  concerning  the  action 

idcjnice  upon  the  albuminoids,  there  can  be  no  doubt  with  regard  to  tlie 

•i^R*<?  oi  its  function  in  the  digestion  of  these  principles  after  they  have  been  cx- 

paal  lo  tb«  lU'iion  of  the  gastric  juice.     Experiments  upon  tf>o  digestion  of  these  sub- 

^Mbe«aA<r  tb»«y  have  passed  oat  of  the  stomach  show  that  they  undergo  important  and 

ii^tfbl  changes  as  they  pass  down  the  intestin:d  canal.     While  the  bile  nnd  the  intesti- 

ul  Jak«  are  by  no  moans  inert,  they  seem  to  bo  only  atixiliarv  in  their  action  to  the  pnn- 

cfKitk  Jaieo.     When  meat  is  taken  into  the  stomach  or  is  exj>osed  even  for  a  long  period 

u  traction  *if  the  gastric  juice,  there  is  always  more  or  less  insoluble  residue,  which  can 

"   -^;  ^n  by  microscopical  examination  to  coniiist  of  the  muscular  substance. 

;>nepQration  whioh  the  alburoinoids  undergo  in  tlie  stoniaeh  is  undoubtedly  neces- 
mj}  to  Ui*  cajsy  digestion,  in  the  small  intestine,  of  that  portion  which  is  not  dissolved  by 
t^  ^asCrii*  juice.  This  fact  has  been  conclusively  demonstrated  by  experiments  on  in- 
Wrtptl  digOfitJoD  in  the  inferior  animals  and  by  the  observations  of  Busoh  in  the  case  of 
■itsibi!  tlfiola  in  the  human  sahject. 

Ai*tion  of  the  Brie  in  Digestion, 

A  great  deal  of  diversity  of  opinion  has  existed  among  physiologists  concerning  the 
ioftoof  the  !>lle.  It  is  now  j^retty  generally  acknowledged  that  this  fluid  has,  of 
eI£,  mi  markwl  influence  upon  any  of  the  different  classes  of  alimentary  princtple8» 
k  IS  w*  have  observed  in  the  other  secretions  discharged  into  the  alimentary  canal. 
'  ™  *^c  case,  it  is  important  to  decide  whether  the  bile  be  essential  in  a/^sisting  or 
tti*tion  of  other  secretions  or  whether  it  be  entirely  inert  in  tlie  digestive 
tc^' 'M  t  fttfn  tho  fact  tliat  it  is  poured  into  the  upper  part  of  the  small  intestine,  it 
wtnlil  9ttm  that  it  must  have  some  office,  either  io  modifying  the  digestion  and  absorp- 
t-'t  '4  fiKKl  or  ifi  '  LTo  of  alimentary  substances  or  their  residue  down  the  inte*- 

SjiaJ  iruci.    It  is  J  stippose  that  a  fluid  which  is  brought  in  contact  with  the  alt- 


278  DIGESTION. 

mentary  mass  in  that  portion  of  the  intestine  where  the  most  important  digestive  pro- 
cesses commence  should  be  simply  ezcrementitious ;  yet  this  is  the  view  entertained  1^ 
some  experimentalists.  In  this  position  of  the  subject,  naturally  the  first  queation  to 
decide  relates  to  the  excrementitious  or  recrementitious  character  of  the  bile ;  or  wheth«r, 
in  other  words,  the  bile  be  separated  from  the  blood  simply  to  be  discharged  from  tbe 
body  or  have  some  important  function  to  perform  as  a  secretion.  An  apparently  simple 
method  of  settling  this  question  has  been  employed  by  many  experimenters,  but  with  re- 
sults which  are  not  satisfactory,  unless  they  can  be  in  some  way  harmonized.  Schwann, 
Nasse,  Bidder  and  Schmidt,  and  Bernard,  whose  observations  will  be  more  fully  oonaid- 
ered  hereafter,  have  performed  experiments  upon  animals  in  which  the  bile  was  entir^f 
shut  off  from  the  intestine  and  discharged  from  the  body  by  a  fistula.  If  the  bile  be  aim> 
ply  excrementitious,  it  should  follow  tliat  animals  operated  upon  in  this  way  would  not 
suffer  from  the  discharge  of  the  bile  by  a  fistula  and  its  diver»on  from  the  intestine ;  bati 
in  all  of  them,  death  occurred  with  symptoms  pointing  to  defective  nutrition  consequent 
upon  grave  disorder  of  digestion.  The  same  result  foUowed  our  own  experiments  on  this 
subject.  On  the  other  hand,  Blondlot  attempts  to  show  that  the  bile  is  simply  an  excre- 
tion, and  that  animals  thrive  and  will  live  for  an  indefinite  period,  when  the  bile  ii 
diverted  from  its  natural  course  and  is  discharged  from  the  body. 

In  the  experiments  of  those  who  simply  closed  the  ductus  communis  choledochua,  the 
effects  of  shutting  off  the  bile  from  the  intestine  were  modified  by  the  consequent  undue 
accumalation  of  this  fiuid  in  the  biliary  passages.  The  only  way  to  obviate  this  diflScnltj 
was  to  discharge  the  bile  by  a  fistula,  as  was  first  done  by  Schwann.  The  first  experi* 
ments  reported  by  Schwann  were  made  upon  sixteen  dogs  and  one  rabbit.  Of  these, 
only  six  can  be  regarded  as  successful ;  and,  in  the  others,  the  animals  either  died  of 
peritonitis  resulting  from  the  operation,  or  recovered,  the  fistulous  opening  into  the  gall- 
bladder becoming  closed  and  the  communication  between  the  liver  and  the  intestine  re- 
establishing itself.  These  six  animals  died,  apparently  of  inanition,  respectively,  after 
seven,  tliirteen,  seventeen,  twenty-live,  sixty-four,  and  eighty  days.  In  all,  except  the 
two  animals  that  lived  for  sixty-four  and  eighty  days  respectively,  there*  was  gradual 
diminution  in  weight  from  the  date  of  the  operation,  notwithstanding  that  a  large  quan- 
tity of  food  was  taken.  In  tlie  two  exceptions,  there  was  first  diminution  in  weight,  then 
the  llesh  was  partially  regained,  but  it  subsequently  diminished  until  death  occurred.  In 
these  six  animals,  tliere  was  every  reason  to  believe  that  death  occurred  from  the  abdi- 
tion  of  the  digestive  function  of  the  bile,  and  tlie  disturbances  in  nutrition  were  very  much 
like  those  produced  by  Bernard  by  destruction  of  tlie  pancreas.  These  experiments 
were  confirmed  in  their  essential  particulars  by  Bidder  and  Schmidt,  Nasse,  and  Bernard. 
These  facts  seem  to  show  that  the  bile  is  not  simply  an  excrementitious  fluid,  and  that 
its  function,  after  it  is  discharged  into  the  intestine,  is  not  only  important  but  absolutely 
essential  to  life.  The  only  experiment  which  is  opposed  to  this  view  is  one  reported  by 
Blondlot. 

The  experiment  by  Blondlot  was  made  upon  a  dog.  The  fistula  was  established  in 
the  fundus  of  the  gall-bladder,  tlie  ductus  communis  having  been  tied  and  a  portion  ex- 
sected.  Fifteen  days  after  the  operation,  the  animal  had  become  extremely  thin,  but  ate 
well,  and,  according  to  the  report  of  tlie  experimenter,  was  in  perfect  health.  During  all 
this  time,  however,  he  habitually  licked  the  bile,  but  he  was  finally  prevented  from  doing 
this  by  a  muzzle.  From  the  moment  when  the  dog  ceased  to  swallow  the  bile,  the  nutri- 
tion began  to  improve,  and  in  three  montlis  he  had  recovered  the  natural  amount  of 
flesh.  A  farther  account  of  this  experiment  is  given  by  Blondlot  in  another  memoir. 
The  animal,  while  in  perfect  health  aside  from  the  existence  of  the  fistula,  was  claimed 
by  the  owner,  from  whom  it  had  been  stolen  before  it  passed  into  the  hands  of  the  ex- 
perimenter. With  the  fistula  still  open,  the  dog  was  used  by  its  owner  for  hunting  and 
lived  for  five  years.  At  the  end  of  this  time  it  was  returned  to  M.  Blondlot,  but  died 
while  in  his  possession,  two  months  after. 
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'b0  ttxifwirtant  questioa  then  to  deterraiDO  was  that  the  bile  bad  beeo  completely  »hut 
the  (otestbuil  canal  An  exotninutian  of  the  parts  was  cunsoqiiently  made  in 
proence  uf  a  iiuitiher  of  phjskiuiia  and  studc^iits.  On  the  most  luinute  disst^cttoD,  it 
wm  lliipo6iibl«!)  to  find  any  communication  between  t!ie  bile-dnct  aud  the  duoiiennm ; 
sod  titft  eoDcltifrion  arrived  at  wm  that  the  animal  bad  lived  for  tive  years  without  a  drop 
flf  bile  psMlng  into  the  intii^tine,  and,  conseqat^ntly,  that  thii^^uid  was  tiselejs^^  in  dige^stion. 
The  farts  obtained  by  all  other  ubBerven*  are  in  direct  opposition  to  the  above  experi- 
>t-  Aft«r  a  number  of  trials,  we  succeeded  in  establiaiiing  a  biliary  fintula  in  a  dog, 
oitenatioo  being  followed  by  no  inflrimmation  of  the  peritoneum^  and,  not  withstanding 
the  animal  wa«  voracious  and  consnmed  daily  largo  quantities  of  food,  it  died  in 
tliirty-«tgtit  days,  of  inanition.  If  oar  own  observation  and  tliose  of  other  experimenters 
l>c  -  --  *  It  is  impossible  that  an  animal  should  live  in  perfect  health  for  years  with  all 
til'  tiarg«d  by  a  fistula, 

1  ^tire  I*  reason  to  believe  that  the  experiment  of  Blnndlot  was  inaccurate^  and  that  a 
ooaunuaimtiou  existed  between  the  bile-duct  and  the  dutxitjnura,  which  was  not  discov- 
pred  at  the  ditk^ection  after  death.  The  following  obiervation  »treDgtbens  as  in  this 
ofiftion: 

We  made  an  attempt  on  one  occasion  to  ascertain  the  t*>tal  amount  of  bile  secreted  in 

tvcaty^fcKir  hours;  and^  with  this  view,  the  ductus  communis  choledochus  was  exposed 

faado^,  the  bile  conta'med  in  the  gail-bladdcr  was  pressed  out-,  a  canula,  with  an  elastic 

laf  aSlaclie^l,  was  fixed  in  the  duct,  and  the  extermd  wound  was  closed,  leaving  the  end 

«l tbo  eontila^  with  tlie  bag  attached,  protruding  from  the  abdomen.     The  bag  ruptured 

twffity- three  hours  after,  and  the  experiment  was  consetjuently  unsuccessful  In  the  end 

far  wiiirh  it  was  undertaken.     The  tube  dropped  out  at  the  end  of  lorty-eigtit  hours,  and 

Urn  external  wound  quickly  healed.     Thirty  days  after  the  operation  the  uiumal  was 

bUed,     lie  had  tlien  entirely  recovered,  and  no  bile  hud  been  dis^^harged  exterufdly  for 

aloog  Itioe,     The  alvine  dejections  were  perfectly  normal,  and  there  could  be  no  doubt 

tbff  bile  was  regularly  discharged  into  the  du»>denum.     On  dissection  after  death, 

lirer  was  found  normal,  and  the  papilla  which  marks  the  opening  of  the  bile-duct 

ih%  duodenum  was  natural  in  appearance.     It  was  with  the  greatest  ditficulty,  how- 

tlial  the  communication  between  the  bile-duct  and  the  duodenum  could  be  found; 

JH,  liter  p«tieut  searching  for  more  than  an  hour,  a  uniall,  tortuous  tract  was  discovered. 

Bai  it  not  been  certain  ttiat  bile  had  been  constantly  discharged  into  the  intestine,  it 

wi^  have  tieen  assumed,  even  after  caret ul  examination,  that  no  such  communication 

iSSiled.    This  examination  convinced  ns  that  it  was  possible  that  the  communication 

Itflweeii  tiie  duct  and  the  intestine  had  been  reestablished  in  Blondlot's  ease,  and  that  It 

obiervation  in  the  dissection  after  death. 

Tba  iaolated  experiment  of  Blondlot  does  not  therefore  invalidate  the  results  obtained 

Seliwmnii  and  confirmed  by  so  many  eminent  physiologjj^ts.    The  bile  is  not  simply  an 

CBSflkm  but  hiw  an  imporlunt  and  essential  ofiice  to  perform  In  tlie  process  of  intentinal 

Hfiitkiti.    We  hare,  however,  conclusively  shown  that,  in  aildition  to  its  recrementitious 

h  separates  from  the  blotxl  an  important  excrementitious  principle,  cliolesterioe, 

lich.  under  a  modified  form,  is  discharged  in  the  fn?cea.     This  function  of  the  liver  will 

fallf  c^miidered  under  the  head  of  excretion.     It  is  autficient  for  our  present  purposes 

In  ihov  iJiAt  the  blle^  unlike  any  other  fluid  in  the  organism,  has  two  distinct  functions, 

upon  two  distinct  classes  of  constituents.    The  peculiar  principles  known  as 

aiUa»  which  arc  produced  in  the  liver,  give  to  it  its  digestive  properties;  and 

ti)ol<^tenne,  which  is  simply  separated  from  the  blood  by  the  liver,  gives  it  Itaex- 

aVBfeotitioas  character. 

eare  much  better  acquainted  with  tlie  excrementitious  than  with  the  digestive 
of  the  bile,  we  shall  consider,  in  this  connection,  only  a  few  of  the  points  oon- 
thi!  ehemistry  of  this  fluid,  deferring  a  i\ill  account  of  its  composition  until  we 
dial  of  it  03  an  excretion. 
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The  bile  varies  in  color  and  consistence  in  different  animals.  It  usuallj  has  a  greenish, 
yellowish,  or  brownish  hue.  In  the  haman  subject,  it  has  a  dark,  golden-brown  color 
and  is  somewhat  viscid  in  consistence,  chiefly  from  admixture  with  the  mncns  of  the  gall* 
bladder.  The  specific  gravity  of  human  bile  has  been  found  to  be  about  1018.  Its  reto- 
tion  is  faintly  alkaline. 

Physiological  chemists  have  long  since  recognized  in  the  bile  peculiar  principlei| 
which  are  found  in  no  other  part  of  the  organism ;  but  the  exact  nature  of  these  con- 
stituents was  first  described  by  Strecker,  in  184S,  who  obtained  from  the  bile  of  the  ox 
two  principles,  cholic  and  ch oleic  acid,  which  he  found  to  exist  in  this  fluid  in  combina- 
tion with  soda.  The  cholic  acid  of  Strecker,  which  may  be  decomposed  into  a  new  add 
and  a  principle  called  glycine,  and  the  choleic  acid,  from  which  may  be  formed  a  new 
acid  and  taurine,  are  called  by  Lehmann,  respectively,  glycocholio  and  taurocholic  add. 
In  the  bile  of  the  ox,  these  are  found  combined  with  soda,  and  the  peculiar  proximate 
principles  of  this  fluid  are  now  recognized  as  the  glycocholate  of  soda,  a  crystalline  sub- 
stance, and  the  taurocholate  of  soda,  which  is  of  a  resinous  consistence  and  is  stated  to 
be  uncrystallizable.  In  the  human  bile,  Dalton  has  found  a  resinous  substance,  which, 
from  its  behavior  with  various  reagents,  is  undoubtedly  analogous  to  the  taurocholate 
of  soda  of  ox-bile,  but  which  he  could  not  obtain  in  a  crystalline  form. 


Fio.  11.—CryBtaU  qf  glyeocholaU  of  toda.    (Bobin.) 


In  addition  to  the  biliary  salts,  the  bile  contains  the  ordinary  inorganic  salts,  found 
in  nearly  all  the  animal  fluids,  a  small  quantity  of  fat,  the  oleates,  margarates,  and  stea- 
rates  of  soda  and  potassa,  mucus  from  the  gall-bladder,  and  cholesterine ;  the  last  being 
an  excrementitious  product.    The  action  of  the  bile  in  digestion,  whatever  ite  nature  may 
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Im^  nndoiililftdij  dependd  ohicUr  upon  Llie  btliarjr  Baits,  and  perliapg  to  some  exteut  upon 
it*  MfioQjiciKHtd  con»«t]iuvnt9. 

Exp^rimeuih  with  regard  to  the  a<?liou  of  tin*  bile  npon  different  all raentftry  suh^tanrca 

4mi  *rf  the  body  liavt^  not  led  to  any  definite  results.    It  is  only  in  connection  with  the  other 

difMthnii  lluid^  that  tUt?  bik*  seetns  to  be  efficient ;  and  the  only  ob^ervationst  which  have 

thmim  mnj  light  upon  tl>e  finbject  are  tho»c  made  tipon  digestion  in  the  livinfjj  urganiiiiii. 

Stmfile  ti^ttlioin  of  the  bile-duct  has  taug^ht  u»  very  little  regurdin^'  the  etft-t-ts  uf  .^huttinK  oflt 

1h§  UN  (torn  the  intestine  ;  for  the  immediate  effects  of  the  operntion  geoe rally  interfered 

vi^  ili«  firoeeas  of  lUirtstion,  and  aiib&eqUL'ntly  the  experiincut  was  necessarily  disturbed 

1^  Hm  mfhcU  of  the  rcteDtion  of  bile  in  the  excretory  pas*agcs.     As  would  naturally  be 

ei^Mtod,  iheBe  ohservntiona  have  been  quite  contradictory.    The  most  satisfactory  ex- 

pvHoiMiCJi  iTpon  tbo  di^'Stlve  function  of  tho  bile  have  followed  the  cat'ibllshinent  of  a 

teiloQ«  opcuin^  int<j  the  gall-bladder,  the  Haw  uf  bjle  at  the  same  tiiue  being  coujpletely 

gJj        "  ■  '      \     In  ail  experiments  of  this  kind  in  which  fatal  inl^anmuition 

d  nu,  death  bus  taki'U  place  from  inauitiuu,  notwithstandinj^  an 

Iti.  ;,tv  of  foiHl  taken.     This  result  is  not  due  simply  to  the  loss  of  the 

'■'r.  od  in  the  bile,  wJdch  is  small  in  proportion  to  the  total  daily  h*ss  of 

;  Umi  it  iindoid)tedly  proceeds  from  disordered  nutrition^  which  baa  its  iitartiog- 

(._.  In  disordered  digestion. 

Uh$ert*Mti^ni  on  a  Dog  with  a  Biliary  Fistula, — We  have  now  to  study  tlio  modifica- 
tmism  digestion  and  nutrition  which  are  the  result  of  simply  diverting  the  bile  from  the 
ivtuitifie.  With  that  view,  we  followed  carefully  these  changes  in  an  animal  with  a 
fciliBry  fiitttla  that  was  under  our  own  ob-^ervation.  This  experiment  confirmed^  in  all 
brporittot  particulars  tho!<e  of  Schwann  and  of  Bidder  and  tk?hmidt.  It  is  given  here 
•onwwhat  in  detail,  for,  tna^mmdj  as  no  inflammation  followed  the  operation  and  nothing 
eocBfred  to  complicate  the  otlect^j  of  th*  divorsion  of  the  bile  from  the  intestine^  we  re- 
pinhd  the  experiment  as  remarkably  micccfiMfuL 

November  15^  18t}l«  a  biliary  fiMtula  was  established  in  a  young  cnr-dog  weighing 
Itelvfl  pounds.  The  abdominal  organs  were  \'{:^Ty  little  exposed,  and  the  experiment, 
frwa  the  (ir»t,  promised  to  be  very  satisfactory.  The  bile-duct  was  tirst  llgated  next  the 
intestine  and  at  it**  junction  with  the  cystic  durt,  and  the  intermediate  portion  was  e^- 
•jcted,  Thi;  incdsion  in  the  abdomen  was  in  the  meditm  line  just  below  the  ensiform 
ofUlig*,  and  wa«  about  throe  inrhcs  long.  The  fundus  of  the  gall-bladder  was  then 
dnum  to  the  upper  portion  of  t lie  wound,  and  the  bile  was  evacuated  by  a  smoU  opening, 
Ibt  idgw  of  which  were  attached  to  the  abdominal  parietes.  The  wound  in  the  abdo- 
mm  was  then  clased,  except  the  opening  into  the  gall-bladder^  into  which  a  few  shreda 
ofbiijKwicking  were  introdoced. 

The  nniraal  atil>*^5ir^'d  to  do  perfectly  well  after  the  operation  and  ate  the  tiBual  qnan- 
titfili.  V     lie  was  kept  in  a  warm  room,  althon^'h  the  weather  \\m  mild;  and 

•  Oft-:  ivas  made  of  his  condition  every  day.     The  fit^tula  occasionall^v  showed  a 

tifodeacy  to  ciuse»  but  it  wi^  kept  open  by  tlie  occasional  introduction  of  a  ghiss  rod. 
From  timo  to  time,  while  the  animal  was  under  observation,  ho  licked  the  bile  as  it 
iuvtwl  fhmi  the  fistula.  This  was  afterward  prevented  by  a  long  wire-nioxzle,  the  aided 
«f  irlueh  were  covered  with  nil-silk. 

Tie  abdomen  was  somewhat  tumid,  with  some  rumbling  in  the  bowels,  for  five  day* 
tfti?r  ilie  operation.  The  first  slvine  discharge  took  i>hice  on  X\\^  evening  of  the  second 
d«y*  The  fajces  seemud  in  all  r^ards  normal.  After  that  time»  they  became  xaty  infre- 
^(Tteot,  although  the  animal  ate  well  every  day.  Tlie  fieces  that  were  passed  after  the 
thinl  day  were  of  a  grayish  color  and  moderately  soft.  They  had  an  exceedingly  offensive 
ind  fieaetratitig  odor,  At  about  the  fifteenth  day,  the  fwces  became  more  fre<iuent,  and, 
fr«D  that  time,  were  passed  three  or  four  times  a  day.  Generally,  they  were  clay-col- 
Oftd ;  hot  on  one  or  two  occasions  they  were  quite  dark.  They  always  had  a  peculiarly 
iro  odor. 
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The  weight  of  the  animal  remained  BtationAry  for  about  fonr  days.  On  the  sirtli  djtj 
(November  20th),  the  weight  hegan  to  diminish.  lie  weighed  on  that  dar,  before  f<i«dH 
ing,  eleven  and  one-quarter  pounds.  November  22d,  he  weighed  btit  little  over  eleven! 
pounds.  November  24th,  he  weighed  ten  pounds.  He  maintained  this  weight  until 
December  1st,  when  the  weight  again  began  to  dimmisli.  On  December  Cth,  the  weight 
was  nine  pounds.  On  Deeeiuber  7th,  the  weight  watt  reduced  to  eight  and  a  half  ponnda, 
and  the  atrength  began  to  fail  manifestly.  December  10th  and  11  th,  be  gained  a  little^ 
on  those  davs  weighing  nioc  pounds;  but,  after  that,  he  progressively  diminished  in 
strength  and  in  weight  until  death  occurred,  thirty-eight  daya  after  the  operation.  The 
weight  was  then  seven  and  a  half  pounds,  showing  a  total  loss  of  fonr  and  a  half  pound% 
or  87^  P®**  <^«iit. 

During  the  first  nine  days  of  the  observation,  the  animal  ate  well  but  not  ravenooaly, 
taking  about  three-quarters  of  a  pound  of  beef-heart  daily.  On  the  tenth  day,  the  atpipe- 
l3te  increased.  He  ate  on  that  day,  at  one  time  a  pound,  and  at  another,  half  a  pound  of 
meat.  He  ate  on  an  average  about  a  pound  and  a  half  of  beef-heart  daily,  until  the  day 
before  his  death.  During  the  last  l^ve  or  six  days,  he  seemed  very  ravenous  and  was  nut 
allowed  to  eat  all  that  he  would  at  one  time.  At  this  time  he  was  ordinarily  fed  twice  a 
day.     He  would  not  eat  fat,  even  when  very  hungry.    During  the  last  day,  when  toci 


sit  kfM  around  til*       _ 
Liced  ov»r  tbm  uumA  lA 

weak  to  st-and,  be  attempted  to  eat  while  lying  down.  During  the  last  twelve  dayt  of 
the  observation,  he  attempted  constantly  to  eat  the  fa?ces.  During  the  last  days  of  tl>o 
experiment,  when  the  dog  had  become  much  re<loced  in  weight,  he  became  very  cross 
and  snapped  at  every  animal  that  came  near  him.  There  was  never  any  icterna,  fetor 
of  the  breath,  or  falling  off  of  the  Imir. 

A  careful  examination  of  the  animal  was  made  after  death.  The  gnll-bladder  was 
somewhat  contracted  but  not  obliterated,  and  the  6stula  would  admit  a  large-aiied 
male  catheter.  Both  ends  of  the  divided  bile-duct  were  found  impervious  and  there  was 
no  passage  of  bile  into  tlie  intestine.  The  alnlominal  organs  were  normal,  with  the 
exception  of  evidences  of  slight  peritoneal  inflammation  around  the  woimd  and  over  the 
convex  surface  of  the  liver.  TFiere  was  no  fat  in  the  omentum  or  anywhere  in  the  body, 
except  a  very  small  quantity  at  the  bottom  of  the  orbit. 

The  above  observation  is  a  type  of  the  instances^ — which  are  not  very  numerous — ^tn 
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bieb  the  bite  hm  been  completely  sliut  oHl  frotii  the  intestiDe  imd  dis^cbftrged  external] j 
^  *  fistnUi  into  the  galMiluikler.     As  far  a.s  could  tie  ascertained,  this  animal^  fri^m  tiie 
,  liresented  no  disturbances  which  wore  tiut  due  ^leiy  to  the  abeenec  of  the  bile  frotu 
» tnWstino  and  its  discharge  exterDally.     Altitough  thc^  phenotnenu  here  presented  do 
;i«aeh  na  roach  that  is  definit^^  concerning  the  dige^itive  action  of  the  bile^  taken  in 
tinii  with  what  haa  been  ujscertained  concerning  the  general  properties  of  this  se- 
^ttttion^  ib^J  throw  some  light  upon  its  functions. 

One  of  the  functions  which  has  been  ascribed  to  the  bile  ia  that  of  regulating  tlie  perb- 
tehks  tiiori»tn^nts  of  the  small  iDtestine  and  of  presenting  putrefactive  ehauges  in  the 
flttfitlr*!  contents  and  the  abnormal  development  of  gaa.  ExperimeutB  on  this  point  are 
fome'tfliat  L^onllicting.  Our  own  observations  would  lead  as  to  doubt  the  constant  infiti- 
lof  th©  bile  upon  the  peritftaUic  movements.  Dur'mg  the  first  few  days  of  our  experi- 
,  th«  dejections  were  very  rare ;  but  they  afterward  became  regular,  and,  at  one 
,  «ireiL»  there  was  a  tendency  to  diarrha^a.  There  can  be  no  doubt,  however,  that 
I  bile  reitanU  the  putrefaction  of  the  coutents  of  the  intestinal  canal,  particularly  when 
foo<l  has  been  taken.  The  tiecea  in  the  dog  were  always  extrem*:ly  otleubiie. 
Biidcr  and  Schmidt  found  this  to  be  tbe  case  in  dogB  fed  entirely  on  meat  -  hut  the  faeces 
^we  ntarly  CKjorloss  when  the  animals  were  fed  on  bread  akme.  In  the  case  of  intes- 
tntl  istiila  in  the  human  subject,  the  evacoations  vvhicb  took  place  after  the  intro- 
doeliiBO  of  ttUmentary  suljstances  into  the  lower  portion  of  the  intestine  had  an  unnataraUy 
f  iUid  putrid  odor.  In  this  cas^i,  as  it  was  impossible  fur  matters  to  [inss  from  the 
I  of  the  intestine  above  tbe  fistula  to  those  below^  the  food  introduced  into  the 
iir  letely  removed  from  tlie  action  of  the  bile. 

A  !  of  the  ditferent  alimeiitury  princi[ilea  is  concerned,  it  htm  been 

lowTi  ii,Ht  Uit  bUe,  of  itneh*  has  no  particular  action  upon  .any  of  them.     In  the  ffocQB 
f  irima.ls  with  biliary  fistula,  the  only  peculiarity  Tvhich  has  been  observed,  aside  from 
cfactive  odor  and  the  absence  of  the  coloring  matter  of  the  bile,  has  been  the 
ee  of  an  abnormal  proportion  of  fat.     We  have  observed  this  in  the  fteces  of  a  pa- 
iicut  nuffering  under  jaundice  apparently  duo  to  temporary  obstruction  of  the  bile- duct, 
^  Thii  fact  was  noted  in  the  dogs  experimented  upon  by  Bidder  and  Schmidt 

Th«  various  experiments  which  have  been  performed  upon  animals  render  it  almost 
otrtiln  that  the  bile  has  an  important  influence,  either  upon  the  digestion  or  upon  the  ub- 
mtglum  of  fats.  Bidder  and  Schmidt  noted  in  animals  with  biliary  fistula  that  tbe  chyle 
I  very  much  less  fat  than  in  health.  In  an  animal  with  a  fistula  and  the  bile-duct 
the  proportion  of  fat  was  1*90  parts  to  1,000  parts  of  chyle  -  while,  in  an  ani- 
B14I  wilh  tbe  biliary  passages  intact^  the  proportion  was  32-79  parts  per  1,000.  In  ani- 
nuls  op<irated  upon  in  this  way,  there  is  frequently  a  great  distaste  for  fatty  articles  of 
J  food.  In  our  own  observation^  the  dog  refused  fat  meat,  even  when  very  hungry  and 
I  vhvQ  lean  meat  was  taken  with  great  avidity. 

Erperiments  concerning  tbe  influence  of  the  bile  upon  the  absorption  of  fats  have  re- 
V  any  thing  definite.    We  know  only  the  fact  that,  when  the  bile  is  diverted 
ne,  the  proportion  of  fat  in  the  chyle  is  greatly  redaced,  and  a  large  pro- 
l^ifUuii  of  tbe  fat  taken  with  the  food  passes  through  the  intestine  and  ia  found  in  the 

Tb«  action  of  the  bile  in  exciting  muscular  contraction,  particularly  in  the  smooth 
I  HBfctiUr  llbres,  is  pretty  well  established.  It  ha8  been  shown  by  Schiff  that  this  fluid 
I  •eU  upon  the  mtiscular  fibres  situated  in  the  aubatance  of  the  intestinal  villi,  causing 
it,  and,  according  to  liis  view,  assisting  in  tbe  absorption  of  chyle  by  cmp- 
]^nf  the  villi.  The  whole  subject,  however,  of  the  absorption  of  fats  is 
'»f  investigation  ;  find  our  knowledge  of  it  has  not  been  sensibly  ad- 
iments  upon  the  influence  exerted  by  the  bile.  Notwitlistanding  the 
Sty  in  which  this  subject  is  involved^  it  is  certain  tliat  the  progressive  emaciation, 
fjarength.  and  final  death  of  animals  deprived  of  the  action  of  the  bile  in  the  intes- 
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tine,  are  dae  to  defective  digestion  and  assimilation.  In  spite  of  the  great  qnantitiea  of  food 
taken  by  these  animals,  tlie  phenomena  which  precede  the  fatal  result  are  simply  those 
of  starvation.  It  may  be  that  the  biliary  salts  are  absorbed  by  the  blood  and  are  neces- 
sary to  proper  assimilation ;  but  there  is  no  experimental  basis  for  this  supposition,  and 
it  is  impossible  to  discover  these  salts  in  the  blood  of  the  portal  system  by  the  ordinary 
tests.  It  is  more  probable  that  the  biliary  salts  influence  in  some  way  the  digestive  pro- 
cess and  are  modified  and  absorbed  with  the  food. 

The  observations  of  Bidder  and  Schmidt  show  conclusively  that  the  characteristic 
constituents  of  the  bile  are  absorbed  in  their  passage  down  the  alimentary  canaL  Hav- 
ing arrived  at  a  pretty  close  estimate  of  the  quantity  of  bile  daily  produced  in  dogs,  they 
collected  and  analyzed  all  the  f&'cal  matter  passed  by  a  dog  in  i&YO  days.  Of  the  dry 
residue  of  the  feeces,  the  proportion  which  could  by  nny  possibility  represent  the  biliary 
matters  did  not  amount  to  one-fourth  of  the  dry  residue  of  the  bile  which  must  have  been 
secreted  during  that  time.  They  also  estimated  the  total  quantity  of  sulphur  contained 
in  the  focces  and  found  that  the  entire  quantity  was  hardly  one-eighth  of  that  which  ' 
was  discharged  into  the  intestine  in  the  bile ;  and,  inasmuch  as  nearly  one-half  of  that 
found  in  the  faeces  came  from  hairs  which  had  been  swallowed  by  the  animal,  the  experi- 
ment showed  that  nearly  all  the  sulphur  contained  in  the  non-crystallizable  element  (^ 
the  bile  (the  taurocholate  of  soda)  had  been  taken  up  again  by  the  blood.  These  obser- 
vations sliow  conclusively  that  tlje  greater  part  of  the  bile,  with  the  biliary  salts,  is  ab- 
sorbed by  the  intestinal  mucous  membrane.  Prof.  Dalton  has  attempted  to  follow  these 
principles  into  the  blood  of  the  portal  system,  but  has  never  been  able  to  detect  the  bili- 
ary B'dlU,  by  the  most  careful  analysis.  Like  the  peculiar  principles  of  other  secretions 
which  are  reabsorbed  in  the  alimentary  canal,  these  substances  become  changed  and  are 
not  to  be  recognized  by  the  ordinary  tests,  after  they  are  taken  into  the  blood. 

Although  it  is  the  digestion  and  absorption  of  fatty  substances  which  seem  to  b« 
most  seriously  interfered  with  in  cases  of  biliary  fistula  in  the  inferior  animals,  the  -rapid 
loss  of  weight  and  strength  indicates  p-eat  disturbance  in  the  digestion  and  absorp- 
tion of  other  articles  of  food.  A  fact  which  indicates  a  connection  between  the  bile  and 
the  process  of  digestion  is  that  the  flow  of  this  secretion,  although  constant,  is  greatly 
increased  when  food  pai-ses  into  the  intestinal  canal.  This  has  been  noted  by  all  who 
have  experimented  on  the  subject.  The  following  observations  on  the  dog,  showing  the 
variations  in  the  flow  of  bile  from  the  fistula,  were  made  twelve  days  after  the  fistula  had 
been  established,  when  the  weight  of  the  animal  had  been  reduced  from  twelve  to  ten 
pounds. 


Table  of  Variations  in  the  Flow  of  Bile  tcith  Digestion. 

(At  each  observation,  the  bile  was  drawn  for  ppedaely  thirty  minutes.) 


Time  after  Feeding. 

,    Fresh  Bile. 

Dried  Bile. 

Immediately 

One  hour 

Grmi0t. 
8103 

20-527 

Gimiu. 

0-870 

o-r86 

Two  hours 

35-70O 

1080 

Four  hours 

88'9.39 

1-404 

Six  hours 

22-209 

0  987 

Eight  hours 

36-577 

1-827 

Ten  hours  

Twelve  hours 

Fourteen  hours 

24-447 

6-710 

r.-r»oo 

0-883 
0-247 
0  170 

Sixteen  hours 

Eiphteen  hours 

!       8-643 

1       9-970 

0-809 
0-277 

Twenty  hours 

1       4-769 

0170 

Twenty-two  hours 

7-678 

0-293 

Perrentafre  of 
Dry  Ketidue 


4-666 
2-854 
8-028 
8-606 
4-460 
3-628 
8-407 
4-325 
8-400 
8-676 
2-778 
8-566 
8-866 
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DiipegardiQg  Ali^^t  variation<t  in  tliid  tuble,  wfiicb  luiglit  be  accldenttilf  tl  umy  be 
iblc^  iti  fCvD&rftl  termis  that  the  bik*  cumui<^uct«ti  to  iucrease  in  quantity  iuimedintoty 
ftftrr  estttig ;  Uitit  lU  tluw  i»  at  its  maxiiuuni  from  the  seeotiil  to  the  eightb  hour,  ilariDg 
tWU  mm!  tlie  iimiotitf  dues  not  vnry  lo  any  ^jreat  ext^jnt;  alter  Uie  oi^btli  hour  it 
u^iiiftl<>  dill  mI^  froui  t]ii^  tvvi'ltYh  hour  to  the  tinie  of  fovditig,  it  is  at  is  uiiniinuin» 

A)i^f*mL*i  on  |>rettr  Btttislactorily  dciiioiibtrated  that  tlie  f»r<?H^?DiX'  uf  tht*  bile 

id  i^ercssary  to  proper  di^et^tion  and  even  L'.ii$i'nliul  to  lile^  and 

lis  in   the  Uuw  of  bile  with  di^*«stii>n  arw  now  well  e»t«bhtibed»  it 

:\i<  ill  t.)^^l•^>L'd  that  WO  have  Rtaroely  any  definite  iDtormation  coneerning  the  mode 

lAiiituj  ut  Uio  bile  in  intestinal  digestion  and  absorption.     Nearly  all  that  we  can  t>ajr  on 

lim  point  ift  that  its  action  deems  to  be  auxiliary  to  that  of  the  other  digestive  tloida. 

Movements  of  the  Small  Intent tne^ 

B^  the  oontrftctions  of  the  muscular  coat  of  the  small  intestine^  the  alimentary  mass 

lo  pass  ttloni^  the  canal,  Boinetimes  in  ono  direction  and  sometimes  in  another; 

,nral  letideficy,  howovor,  boing  toward  the  caiL'uni*     The  parlially -digested  mattora 

[iiias  out  at  the  pylonis  arc  prevented  from  returning  to  the  stomach  by  the  peeal- 

or  flrrangtt^menl  of  the  fibfivs  which  constitute  the  pyloric  nuiscle.     The  passage  iVom 

tbe  /stcrmaeh  to  the  inte.stincv  as  wo  have  ^*en,  becomes  constricteil  gradually,  so  that 

(bod  tit  finds  its  way  easily  into  the  duodenum;    but,  viewed 

Ihm  ti  .nstriction  in  abrupt,  so  that  regurgitation  is  gt-neral!y 

Ont:^  in  the  Intestine,  the  food  is  propelled  along  the  canal  by  pecnliar  tnoTO* 
oieiilaw  «hleh  have  been  called  peristaltic,  when  Its  direction  ia  toward  the  large 
iHvictin^  and  flDtiporistaltic,  when  tho  directic^n  Is  reversed.  These  movemcnta  are 
l#  tbe  chamt'ter  peculiar  to  the  uuBtriped  muscular  fibres;  viz.,  sIqw,  graduali  the 
•oiitraditm  enduring  for  a  certain  time  and  beinjr  followed  by  a  eorre^p«)ndiri|;ly  alow 
•od  gradual  relaication.  Both  tlie  circuhir  and  the  longitudinal  muectihir  tayerti  par* 
tidlpalt  in  th<i5i4?  movemenfa.  If  wo  cartfully  watch  thia  action  in  the  intc^itinca  of 
m  aaloial  arter  the  alnlomen  has  been  opened^  we  can  sometimes  see  a  gradual  constric- 
tifvn  pK»d«ced  by  tho  actif»n  of  the  circular  librea  at  a  certain  point,  which  is  slowly 
piypapitcd  along  the  tube,  while,  at  the  same  time,  the  longitudinal  fibres  are  alternate- 
?jr  contracted  and  relaxed  in  tho  wime  gradual  manner,  shortening  and  elongating  the 

I|M^  '  '^''ttug  the  onward  pnss;ige  of  its  contents.     It  can  readily  be  appreciated 
Wm  >*(  this  kind  are  capable  of  propelling  the  alimentary  raasi*  slowly  bnt 

rSSm]j  ulun^  the  intestinal  tract,  even  when  the  direction  is  in  opposition  to  the  force 
gftriry ;  and  we  can  ace  how  admirably  these  movements  are  calculated  to  thorough- 
Inoorporate  the  food  with  the  digestive  thiids  and  to  expose  thoj^e  parts  which  have 
n  ooinpl«jt*dy  liquefied  to  the  absorbent  action  of  the  mucous  memlirane. 
Althnagh  the  mechanism  of  the  propulsive  movements  of  the  intestine  may  be  studied 
ia  Bring  animaU  aftcT  of>ening  the  abdomen,  or,  better  still,  in  animals  junt  killed,  the 
moTisments  thus  observed  do  not  entirely  correspond  with  thoae  which  take  place  under 
natural  conditlonft.     In  vivkections,  no  movements  are  observed  at  first;  but,  84:»on  after 
fH'usare  of  the  parts,  nearly  the  whole  intcfitine  moves  like  a  mass  of  worms.     In  the 
ftorBud  pnjce*«*  of  digestion,  the  movements  are  never  so  general  or  so  active;  they  take 
^Ufiemore  rvgnhirly  and  consecutively  in  those  portions  in  which  the  contents  are  most 
tln^l4ltl^  and  the  movements  are  genernlly  interniittcnt,  being  interrupted  by  long  inter* 
fib  oC  repojn^.     In  Prof.  Busch's  case  of  intestinal  fistula,  there  existed  a  large  ventral 
the  coverings  of  which  were  so  tliin  that  tho  peristaltic  movements  could  be  readily 
In  thiAcasc,  tho  general  character  of  the  movements  corresponded  with  what 
Ui btitt  obaarveil  in  the  inferior  animals.     It  was  noted  that  the  movements  were  not 
and  that  there  were  often  intervals  of  rest  for  more  than  a  quarter  of  an  hour. 
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It  was  also  obferred  that  tho  movements,  as  indicated  by  flow  of  cbyrnous  matter  from 
the  upper  end  uf  the  intestine,  were  intermitted  with  considerahle  regularity  during  part 
of  the  night.  Antiperistaltic  movements,  pri>ducittg  diii*charge  of  matters  which  had  bvHJi 
introduced  into  the  lower  end  of  the  intestine,  were  frequently  observed. 

As  far  tL»  lias  been  ascertained  by  observations  upon  the  human  subject  and  warm- 
blooded animals,  the  regular  intestinal  movements  are  excited  by  the  passage  of  allmeT)- 
tary  matter  from  the  stomach  through  the  tube  during  the  natural  process  of  dige^iou. 
lij  a  very  slow  and  gradual  action  of  the  muscular  coat  of  the  interline,  Its  contents  are 
passed  along,  occasionally  the  action  being  reversed  tor  a  time,  until  the  indigesttUle 
residue,  mixed  with  a  certain  quantity  of  intestinal  secretion,  moie  or  lesu  modified,  U 
discharged  gradually  into  the  caput  colL  These  movements  are  apparently  not  contina* 
ous,  and  they  depend  somewhat  upon  the  quantity  of  matter  contained  in  different  parts  of 
the  Intestinal  tract.  If  we  are  to  judge  from  tho  movements  in  the  inferior  animals  after 
the  abdomen  has  been  opened,  the  intestines  are  con&tantly  changing  thvir  position,  prin* 
cif*ally  by  the  action  of  their  longitudinal  muscular  fibres,  so  that  the  force  of  gravity  docs 
not  oppose  the  onward  passage  of  their  contents  as  much  as  if  the  relative  pOMtiun  uf  the 
parts  were  constant.  There  are  no  definite  observations  concerning  the  relative  aclirity 
of  the  peristaltic  movements  in  diJferent  portions  of  the  intestine ;  but,  from  the  fact  thai 
the  jejunum  h  constantly  found  empty^  while  the  ileum  contains  a  considerable  quantity 
of  pultaccous  matter,  it  would  seem  that  the  movements  must  be  more  vigorous  and 
efficient  in  the  upper  portions  of  the  canal. 

The  gases  which  are  constantly  found  in  the  intestine  have  an  important  mechanical 
function.  They  are  useful,  in  the  first  place,  in  keeping  the  canal  constantly  distended 
to  the  proper  extent,  thus  avoiding  tho  liability  to  disturbances  in  the  circulation  und 
facilitating  the  passage  of  the  alimentary  mass  in  obedience  to  the  peristaltic  ci^ntrac- 
tions,  Tliey  also  support  the  walls  of  the  intestine  ond  protect  these  parts  against  coo- 
cQssions  in  walking,  leaping,  etc.  The  gases  are  useful,  likewise,  in  offering  an  elastfo 
but  resisting  mass  upon  which  the  compressing  action  of  the  abdominal  muscles  may  b«  ^ 
exerted  in  the  acts  of  straining  and  expiration.  If  we  could  suppose  the  intestinal  tube  H 
to  be  entirely  free  from  gaseous  contents,  it  is  evident  that  the  functions  above  mentioiied 
would  be  performed  imperfectlv  and  with  difficulty. 

There  can  be  hardly  any  question  that  the  normal  movements  of  the  intestine  we 
due  principally  to  tlie  impression  niade  upon  the  mucous  membrane  by  the  alimentary 
matters,  to  which  is  added,  perhaps,  the  stimulating  action  of  the  bile.  It  is  diHicuU  to 
determine  with  accuracy  what  part  the  bile  plays  in  the  production  of  these  movemenlj^ 
from  the  fact  that  the  normal  action  of  the  intestine  is  not  easily  observed.  In  Uie  case 
of  intesitinfll  fistula  so  often  referred  to,  when  food  was  introduced  into  the  lower  end  of 
the  cnnal,  tliere  was  at  first  an  abundant  evacuation  every  twenty-four  hours;  but  sub* 
seqtiently  it  became  necessary  to  use  enemota.  As  there  was  no  communication  between 
the  low«fr  and  the  upper  end  of  the  intestine,  this  fact  is  an  evidence  that  the  peristaltic 
movements  can  take  place  without  the  action  of  the  bile.  Experiments  upon  the  inferior 
animals  concerning  the  infiuence  of  the  bile  upon  the  peristaltic  movements  are  somewhat 
contradictory.  When  the  abdomen  is  opened  during  life,  vigorous  movements  may  some- 
times be  excited  by  pressing  bile  into  the  intestine  from  tho  gall-bladder;  and  the  same 
result  is  occasionally  observed  when  the  bile  is  applied  to  the  peritoneal  surface  in  an 
animal  recently  killed.  But  the  various  experiments  in  which  the  bile  has  been  diverted 
from  the  intestine  and  discharged  by  a  fistula,  taking  the  frequency  of  the  alvine  dijec- 
tiond  us  a  test,  show  that  regular  peristaltic  movements  may  take  place  without  the  in- 
tervention of  the  bile. 

The  vigorous  peristaltic  movements  which  occur  soon  after  death  have  been  explained 
in  Tarions  ways.  It  has  been  shown  that  these  movements  are  not  due  to  a  lower- 
ing of  the  temperature  or  to  exposure  of  the  intestines  to  the  air.  The  latter  fact 
may  be  easily  verified  by  killing  a  rabbity  when  vigorous  movements  may  be  seen  through 
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Ui«  thin  nbdomiiial  woIIa,  even  while  the  cavitjr  h  unop^niid.     According  to  Schifi",  the 

ootj  rMose  of  ihcsd  vx»gi|;er&ted  tnovetDentii  is  dlmiuutkm  or  arrest  i»l'  tlii^  circulutioQ. 

Ttui  phf iiologist^  bj  compresiiing  tbe  abdoiniuul  aurtti  in  a  Uving  utiimul^  wua  uUlc  to  ex- 

cit*  jwrljitaltic  mo^*oiii«ata  m  the  Intei^iue  as  vigorous  as  those  which  tako  place  after 

(t^h;  «iid«  OQ  c^flsiDg  the  couipres^sioD^  the  movetneuts  were  arresti^d. 

The  Di^rvefi  dUtribiitcd  to  tite  8iuuJ1  intc'Stiiie  are  derived  from  the  ejmpaihetic,  and 

f  the  pneumognstric,  which  latter  coiue  from  the  nerve  of  the  right  side 

Uid  to  the  whohi  of  the  tract,  from  the  pyloriiH  to  the  ileo-ctecal  valve, 

rie  receives  no  filamenta  trom  the  lel't  puemnogaBtric.     The  experimeutfl  of 

\    y  which  he  attempted  to  prove  that  the  movcoients  of  the  intestines  were 

lutdrf  the  control  of  the  pneumogostrio  and  nerves  emanatiug  from  the  sp)na.l  cord^  have 

DoJ  bif^Q  verified  by  other  obaervers.     Recent  experinieut^  render  it  probable  tlxat  an 

iaiiarijce^  derived  i^om  the  cerebrci-spinal  system^  is  essential  to  tlve  functions  of  tlie 

fjmpnf  i;r)ia,  which  may  accouot  for  some  of  the  results  obtained  by  lirachot 

tfUr  u  ie  spinid  cord.     The  experiments  of  Mnller,  however,  render  it  certain 

ciiit  th«  pt.Mi>*tttk»e  movements  are  to  some  extent  under  the  induence  of  the  sympathetic 

•tciu.     In  the^e  experiments,  moveraentd  of  the  intestine  were  protluced  by  galvaniza- 

of  tilamentii  of  the  sympathetic  distributed  to  it*  muscular  coat,  after  the  ordinary 

^t  mortem  movements  had  ceased.     The  eame  results  followed  the  application  of  caustic 

putaah  to  the  semilunar  ganglia,  the  movements  reappearing  when  the  polush  was  applied, 

'•  -  ->     -'rjiordinary  vivacity  "  in  the  rabbit,  after  the  abdomeo  had  been  opened  and  the 

fiud  entirely  ceased.     These  experiment)^  have  been  confirmed  by  Longet, 

however,  that  the  movements  did  not  take  place  unless  alimentary  matters 

.  ned  in  the  intestine. 

It  tiiixiit  be  acknrtwledged  that  very  little  is  known  concerning  the  reflex  actions  which 

«  pUr^  through  the  sympathetic  system;  but  there  is  certainly  good  ground  for  sup- 

tliat  certain  reflex  functions  are  performed  by  this  system  of  nerves,  one  of  the 

hnportant  of  which  is  the  production  of  peristaltic  movements  in  obedience  to  the 

iloD  made  by  tdimentary  substances  upon  the  mucous  membrane.     Tliis  impression 

ly  conveyed  to  the  semilunar  ganglia  and  reflected  bock  through  the  motor  nerves 

IDiiacalar  coat  of  the  intestine. 


Phyiilologicfil  Anatomy  af  the  Large  Intestine, 

rtorge  intestine,  so  called  hecauao  its  diameter  is  greater  than  that  of  the  rest  of 
Uie  intestinal  tract,  receives  for  tlie  most  part  only  the  indi^'t^stible  residue  of  the  food, 
irh  certain  of  the  secretions  which  are  discbar>red  into  the  small  intentine.     In 
snbject,  the  processes  of  digestion  which  take  place  in  this  part  of  the  ali- 
fv  canal  are  unimportant ;  and  it  is  probable  that,  under  physiological  conditions, 
Uj  onr  thing  but  water  is  absorbed  by  its  lining  membrane.     Matters  are,  however, 
trd  up  in  the  large  intestine  for  a  nnmber  of  liours^  and  a  certain  amount  of  secretion 

t  pliice  fncim  its  follicular  glands. 
The  entln?  length  of  the  large  intestine  is  firom  four  to  six  feet.    Its  diameter  b  great- 
tat  ItA  commencement,  where  it  meaBures,  when  moderately  distended,  from  two  and  a 
*  to  three  and  a  half  inches.     According  to  the  observations  of  Brintorv,  the  average 
of  the  tube  beyond  the  ca?cum  is  from  one  and  two-thirds  to  two  and  two- 
thirds  Inches.     Passing  ft'om  tlie  ciecum^  the  canal  diminishes  in  caliber,  gradually  and 
r  sligbtly,  to  where  tlie  sigmoid  flexure  open^  into  the  rectum.    This  is  the  narrowest 
Lion  of  the  canal.     Beyond  this,  the  rectum  gradnally  increases  in  diameter,  forming 
bkindtjl  ponch,  w]iich  abruptly  diminislies  in  size  near  the  external  opening,  to  form  the 

The  general  direction  of  the  large  intestine  is  from  the  caecum  in  the  right  iliac  foaaa 
to  th^  left  tli&a  fowa,  ihns  encircling  the  convoluted  maas  formed  by  the  small  in- 
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testine,  in  the  form  of  a  horseshoe.     From  the  caecum  to  the  rectum,  the  canal  is 
known  ad  the  colon.      The  iirst  division   of  the  ooloa,  oaUed  tlie  ascending  col<>n, 

passes  almost  directly  ujiward 
to  the  iinder  surface  uf  the  liver; 
the  canal  here  turns  at  nearljr 
a  right  angle,  passes  across  the 
upper  part  of  the  abdomen,  and 
h  called  the  transverse  cujun ; 
it  then  passes  downward  at 
nearly  a  right  angle,  fonning 
the  descending  colon.  The 
last  division  of  the  colon,  called 
the  sigmoid  flexure,  is  gituated 
in  tlie  left  iliac  ioi^sa  and  ia  in 
the  form  of  the  italic  letter  S, 
This  tenninatcB  in  tiie  rectum, 
which  is  not  straight,  aa  it* 
name  would  imply,  but  presents 
at  least  three  distinct  eorva- 
tures,  fts  follows :  it  passes  first 
in  an  oblique  direction  from  the 
lef^  s aero-iliac  ?vnjjihysis  lo  the 
median  line  opjiosite  the  third 
piece  of  the  sacrum;  it  then 
passes  downward,  in  the  me- 
dian line,  following  the  con- 
cavity of  the  sacrum  and  coc- 
cyx; imd  the  lower  portioD^ 
which  is  about  an  inch  in  length* 
turns  Irackward  to  termmatt  in 
the  anus. 

The  form  of  the  large  inlea^ 
tine  is  peculiar.  The  cacnm, 
or  caput  coli,  presents  a  round- 
ed, dilated  cavity,  continuous 
with  the  colon  above  and  com- 
municating by  a  transverse  f^lil 
with  the  ileum.  At  lU  lower 
portion,  is  a  snial),  cylindrical 
tube,  from  one  to  five  inrhes  in 
length,  openinfT  below  and  a  little  posterior  to  the  opening  of  the  ileum,  calkd  the  ver- 
miform appendix.  This  is  covered  with  peritoneum  and  is  possessed  of  a  muscular  and 
a  mucous  coat.  It  Is  sometimes  entirely  free  and  la  sometimes  provided  with  a  short 
fold  of  mesentery  for  a  part  of  its  length.  The  coats  of  tlie  appendix  are  very  thick. 
The  muscular  coat  consists  of  longitudinal  fibres  only.  The  mucous  membrane  is  pro- 
vided witli  tubules  and  closed  follicles,  the  latter  frequently  being  very  numerous.  This 
little  tube,  which  is  only  about  one-third  of  an  inch  in  diameter,  generally  contains  a 
quantity  of  clear,  viscid  mucus.     The  uses  of  the  vermiform  appendix  are  unknown. 
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FfO.  79.— Shmaeh^  pancrtOM,  largt  intttitin^,  etc    (5a|)[>ey,) 

2,  ant4?rior  »nrik«oor  tbe  Wvtr;  %  f^nUudArr;  3,  3,  eecUon  of  tbo  dlA- 
bbra^fn ;  4.  pMtoHur  snrfhce  of  the  atuaiAeb ;  5,  lohua  Sjiliff  lU  of  tbo 
Hrer;  S,  «mma  axJa;  T,  coronwy  nrt<fry  of  the  (!t<>ri*Bch;  %  »pl«nlc 
orterv;  0,  iplMo;  10.  prrnc^rr  hr  ;  11.  gupcinkir  mesenteric  vesit*l»;  12. 
duoffctium ;  la,  «f '  v  of  tb<^  small  Intefttiiie ;  14.  lower  cml 

of  th*?  flcuni;  If-.  r;  Idctrcum;  Xl^nppendu^  rtnni 

^f^rffiiJi:  IH.  trH-,'  19,  19,  iranJirr^r^t  colon;  20,  ttt- 

it't^flinff  rftlrm ,  2!,  Hi/muKt  Jltmifv  ^  tht  colon;  42,  rei^vm;  W, 
Qrfnvy  bladder. 


Tlto-etrcal  Valce. — The  most  interesting  anatomical  peculiarity  of  the  crocum  is  the 
opening  by  which  it  receives  the  contents  of  the  small  intestine.  Tliis  opening  is  iir- 
nmged  in  the  form  of  a  valve,  known  as  the  ileo-ctecal  valve,  situated  at  the  inner  and 
posterior  portion  of  the  crecom.      The  small  intestine,  at  its  termination,  pre^nt^  a 
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iUem'  caacavttj,  wbieb  is  provided  with  a  horizontal^  button-liolo  slit  opening  into 

till  entcuiu.     The  siirfaco  of  the  vdvo  which  looks  toward  the  stdiiU  int4:;!^tiDij  is  cov- 

PT!*^with  tt  mucous  membruue  provided  with  Tilli  and  in  nil  respects  rcjisetubling  tho 

.   1  il  macoYm  lining  of  the  small  intestine.     Viewed 

imn  the  cjDcum,  a  Convexity  is  observed  corresponding 

ti)  llif  tstiacanty  upon  the  other  side.     The  ca2cal  surface 

•  '  "      i«  covered  with  a  mnL'ous  raemhrant*  idenli- 

^i^neraJ  mucous  lining  of  the  large  intestine, 

Uii  «fjileut,  from  AU  examination  of  tbeso  parts,  that 

^fomre  I'rtim  the  ileum  would  open  the  slit  and  allow 

the  tMsy  passage  of  the  Bcmitluid  contents  of  the  inteB- 

tiae;   liul  pressure   from   tho  cfDcal   side   ttpproximates 

die  iif*»  of  the  valve^  and  tho  greater  tlie  pressure  the 

■ore  lirmlj'  is  the  opening  closed.     The  valve  itself  is 

4MBp«Mted  of  folds  formed  of  the  white  fibrous  tissue  of 

e  (the  cellular  tunic  of  &ome  anatomists),  and 

L-cular  fibres  from   both  tlio  small   and   the 

bri^  lutestine,  the  whole  being  covered  with  mucona 

mem  brail  (^,     The  lips  of  the  valve  unite  at  either  oxtrem- 

itj  of  the  slit  and  are  prolonged  on  the  inner  surface  of 

tlk«  etecani,  forming  two  raised  bands  or  bridles;   and 

tiieie  btfirome  gradnallj  effaced  and  are  thus  continuous   Fm.  m.-^Oj^fitn^  f,f  ff''*  ^nmii  4nU§- 

mUk  the  -en^ral  lining  of  the  canal  Hie  posterior  bridle   ,   "*»'/';'t  '^f  ^■'^^;;^";;   ^^  ^""l 

^  ^  •  .1,  »mnll  Intestine;  ?,  U»!Q-c«»fflU  vjilve*. 

liglJule  longer  and  more  proniment  than  tho  aotenor.       b.  mvmm  4,  opeuiuir  «niie  opfwrn^ 

Tbese  Asem  somewhat  m  enabhng  the  valv^e  to  resist       tb«-o|>eiiinf:oftf.e«ppu.iix;  »ii:itTre 

Qre  from  tbe  csecal  side.     The  longitudinal  layer  of       ml-mbi^^e."'  *'  *^°''^"  "^  "'*'  "''"^"' 

ir  tibrefl  and  the  peritoneum  pass  directly  over  the 

ittaclitd  edge  of  tbe  valve  and  are  not  involved  in  its  folds.     These  give  strength  to  the 

fMil,  md.  if  they  b©  divided  over  the  valve»  gentle  traction  will  eutbce  to  draw  out  and 

oUileritir  the  folds,  leaving  a  simple  and  unprotected  commnni cation  between  the  large 

sad  lihe  aunll  intestine. 

p4rilon*Ql  C^at — Like  roost  of  the  other  abdominal  viscera^  tho  largo  intestine  is 

by  peritoneora.    The  casciim  is  covered  by  this  mcmhran©  only  anteriorly  and 

If.     It  18  nsually  hound  down  closely  to  the  subjacent  parts,  and  its  posterior  sor- 

dot  is  vithoat  a  serous  investment;  although  sometiTiies  it  is  com[detely  co^'ered^  and 

Ibere  may  be  even  a  short  mesoctecam.     The  ascending  colon  is  likewise  covered  with 

pvrtto&eum  only  in  front  and  is  closely  attached  to  the  subjacent  parts.    The  same  nr- 

nofement  is  found  in  the  descending  colon.     The  transverse  colon  is  almost  rompletely 

omsted  -with  peritoneum;  and  the  two  folds  fonning  the  transverse  mesocolon  se[>arate 

tO|ii»orer  the  tube  above  and  below,  uniting  again  in  front  to  form  tlie  great  omentum. 

Til?  tnui*iver*e  colon  is  consequently  quite  movable.     In  the  t'oiirse  of  the  colon  and  the 

part  of  the  rectum,  particularly  on  the  transverse  coloUj  are  found  a  nnmber  of 

Moculftted  pooches  filled  with  fat,  called  the  appendices  cpiploicte.     The  sigmoid 

of  the  colon  is  invested  with  peritoneum,  except  at  the  attachment  of  the  iliac 

Ion.    This  division  of  the  intestine  is  capable  of  considerable  motion.     Tlio  upper 

n  of  the  ft^ctum  is  almost  completely  covered  by  peritonenm  and  is  but  loosely  held 

'       '  •  portion  is  closely  bound  down,  and  is  covered  with  peritoneum  only 

ly.     Tlie  lowest  portion  of  the  rectum  has  no  peritoneal  covering. 

r  Coat. — The  muscular  fibres  of  the  large  intestine  have  an  arrangement  quite 
'fit  from  ttiat  which  exists  in  the  small  intestine.    The  external,  longitudinal  layer, 
'  vl  of  extending  over  tbe  whole  tube,  is  arranged  in  three  distinct  bands,  which  com- 
19 
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menee  in  the  cmctun  at  the  venniform  appendix.  Passing  along  the  ascending  colon, 
one  of  the  hands  is  situated  anteriorly^  and  the  others,  latero*posteriorlj.  In  the  trans- 
verse colim,  the  imterior  band  becomes  inferior  and  the  t^TO  latero-posterior  hands  be- 
come respectively  postero-soperior  and  postero  inferior  In  the  descending  colon  and 
tlie  sigmoid  tlexure^  the  muscular  bands  resume  the  relative  position  which  thuy  had  in 
the  ascending  colon.  As  these  longitudinal  fibres  pasi*  to  the  rectum,  the  anterior  and 
the  external  bands  unite  to  pass  down  on  the  anterior  snrface  of  the  canal^  while  the 
poBterior  band  passes  down  on  its  posterior  cfurlace.  Thus  the  three  bands  are  here 
formed  into  two.  These  tw*^  Ijand.s  as  they  pass  downward,  though  remaining  distinct, 
become  much  wider ;  and  longitudinal  muscular  fibres  commencing  at  the  rectiun  are 
situated  between  them^  so  that  this  part  of  the  caoal^  especially  in  its  lower  portion,  k 
covered  with  longitudinal  fibres  in  a  prt^tty  uniforiii  layer. 

The  arrangement  of  the  muscular  fibres  of  the  rectum  has  been  closely  etndieil  by  Si] 
poy.  lie  has  found  that,  as  far  as  their  terminations  ai"e  concerned,  the  fibres  may 
divided  into  an  external^  a  middle,  and  an  internal  layer.  The  posterior  fibres  of  the  ex- 
ternal layer  pass  away  from  the  lower  portion  of  the  rectum,  are  reflected  backward 
along  the  concavity  of  the  sacrum^  and  are  attached  to  the  promontory.  These  fibres, 
which  are  generally  pale,  Sap]>ey  proposes  to  designate  as  retractors  of  the  anu9.  A  few 
of  the  posterior  lihres  are  attached  to  the  aponeurosis  and  the  parts  between  the  cocctx 
and  the  promontory.  In  front,  the  external  fibres  are  attached  to  the  aponeurosis  which 
covers  the  vosicuho  seniioaks,  and  laterally  they  are  inserted  into  the  deep  pelvic  fascia. 
The  termination  of  the  middle  layer  of  the  fibres  is  lesis  clearly  made  out.  Those  !?ituat<*d  at 
the  sides  of  the  rectum  are  inserted  into  "  a  very  dense  cellulo-fibrous  band,  w  hich,  by  itj 
opposite  surface,  gives  insertion  to  a  great  number  of  fibres  of  the  levator  anL^*  The 
others  are  many  of  them  continuous  with  the  fibres  of  the  levator  ani  as  they  pas*  along 
the  floor  of  the  pelvis.  Some  of  the  filjres  of  tlie  deep  laver  are  attached  by  little  tendons, 
which  puss  between  the  external  and  the  internal  sphincter,  to  the  deep  portions  of  the 
skin  encircling  the  anus.  The  importance  of  closely  studying  the  attachments  of  ihest» 
fibres  will  be  appreciated  when  we  come  to  treat  of  defecation. 

Over  the  caecum  and  the  colon,  the  anterior  band  of  muscular  fibres  is  from  one-tJiird 
to  one-half  an  inch  in  width.     The  postero-external  band  is  not  more  than  half  so  wid( 
and  the  postero-internal  hand  is  evc^n  narrower.     The  muscular  bands  are  much  shorter 
than  the  canal  itself,  and  their  attachment  to  tlie  walls  gives  the  intestine  a  peculiar  lac 
culated  appearance.     That  this  is  produced  by  the  arrangement  of  the  nni!»cular  libn 
may  be  demonstrated  by  dividing  them  in  various  places  or  by  removing  them  entirely, 
when  the  canal  may  he  extended  to  double  its  original  length.     Between  the  bands  then 
are  no  longitudinal  muscular  fibres;  but  circular  or  transverse  muscular  fibres  exisi' 
throughout  the  whole  length  of  the  large  intestine.     In  the  ciccum  and  the  colon,  the  div 
cular  fibres  are  so  pale  and  the  layers  are  so  thin  tliat  tljeir  presence  is  demonstrated  wit 
great  difliculty.     In  the  rectum   they  are  somewhat  more  numerous.     About  an  inci 
above  the  anus,  the  circular  fibres  are  collected  into  a  pretty  well-marked  muscular  ring, 
which  has  been  called  the  internal  sphincter. 
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Mueom  Coat.— The  mucous  lining  of  the  large  intestine  presents  several  important 
points  of  ditference  from  that  which  is  found  in  the  small  intestine.     It  is  paler,  somewhai 
thicker  and  firmer,  and  is  more  closely  ftiiherent  to  the  subjacent  parts.    In  no  jMirt  of  thii 
membrane  are  there  any  folds,  like  those  which  form  the  valvula?  conniventes  of  the  amal 
intestine ;  and  the  surface  is  perfectly  smooth  nnd  free  from  villosities. 

Throughout  the  entire  m neons  membrane,  from  the  ileo-ca?cal  valve  to  the  anaa^  arc 
innnmcrablo  orifices  which  lead  to  simple  follicular  glands.  These  structures  resemble  in 
all  respects  the  follicles  of  the  small  intestine,  except  that  they  are  a  little  longer,  owing 
to  the  greater  thickness  of  the  membrane,  are  wider,  and  are  rather  more  numerous. 
Among  these  small  follicular  openings  are  found,  scattered  irregularly  tliroughout  tbt 
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ictfBbrtse,  larger  openings  which  lead  to  ntricular  gknda,  resembling  t)»e  closed  follicles, 
k  fumnJi  Hiructure,  except  that  tijey  have  on  orifice  opening  ir)to  the  cnvity  of  the  in- 
tittiiM,  wMt*h  13  sometimes  »o  large  as  to  he  visible  to  the  imket!  eye.  The  nmnber  of 
lli#w  |flBfi«Ki  if  v«r>"  vnriaLile,  and  tljey  are  irregularly  disseminata.^ J  Ibroui^hout  the  intes- 
li'  r-any  with  the  closed  folHclea^  except  in  the  rectum,  where  they  are  ah«enT, 

in  ri  and  colon,  numerous  isolated,  closed  foUicleii  are  jrenerully  founJ,  which 

U9  itjentical  in  structure  with  the  solitary  glands  of  the  fsmall  intestine*     These  are  ex* 
f.vf.M'flv  vimable,  both  in  number  and  size. 

marons  membrane  of  the  rectum,  in  the  upper  three-fourths  of  its  extent,  does 
0'*:  lilr  matiriall?  from  that  of  the  colon.  In  the  lower  tburth,  the  fibrous  tissue  by 
whirti  fiiL-  lining  membrane  is  united  to  the  subjacent  muscular  coat  i^^  loose,  and  the 
tBcmliimxie,  when  tlie  canal  is  empty,  is  thrown  into  a  great  number  of  irregrular  folds. 
Allliesile  of  the  internal  sphincter,  five  or  six  httle  semilunar  valves  have  iK'cn  observed^ 
tlielr  concavities  directed  toward  the  colon*  These  form  an  irrefruhir,  festooned 
« hich  surrounds  the  canal ;  their  folds  however,  are  small  and  have  no  tendency 
to  abstract  the  passage  of  frocal  matters.  The  simple  follicles  are  particularly  abundant 
ia  til*  r^ctnin,  and  the  membrane  is  constantly  covered  with  a  Ihia  coating  of  mucus. 
Aliotlicr  fMjcoliarity  to  bo  noted  in  the  mncous  membrane  of  the  lower  portion  of  tlie 
is  its  great  vascularity,  the  vein-s  especially,  being  very  numerous. 
Fl!»lly,  the  rectum  terminates  in  the  anus,  a  button-hole  orifice,  situated  a  little  in 
X,  which  is  kept  closed  and  sfjmcwhnt  retracted,  except  during  the  pas- 
'.  by  the  powerful  external  sphincter.  This  muscle  is  composed  entirely 
striated  fibres,  which  are  arranged  in  the  form  of  an  ellipse,  its  long  diameter 
itcro  posterior. 

almost  nniversally  admitted  that  the  digestion  of  all  classes  of  aUnientary  siib- 
11  <N>mpleted  either  in  the  stomacli  or  in  the  small  intestine,  and  that  the  mucous 
Dbnme  r»f  the  large  iutesthie  docs  not  secrete  a  fluid  endowed  with  any  wull-marked 
kive  properties.  The  simi»le  folUcIes,  the  closed  follicles,  and  tlie  utricular  glands, 
«  jrUlry  mums,  which,  as  fur  as  we  know,  serves  merely  to  lubricate  the  canal. 
Tlibhtti  never  been  obtained  in  sufiicient  quantity  to  admit  of  any  accurate  investigation 
nio  liB  properties. 

Ill  «tiid«ing  the  changes  whieh  the  alimentary  mass  undergoes  in  its  passage  through 

tbiBaI]inttstlne>  wo  have  seen  that,  in  this  portion  of  the  cunal,  the  greatest  part  of  all 

iWftiilrUif^  material  is  not  only  li(piofied  but  is  absorbed.     Sometimes  fragment!^  of  rans- 

nkf  Hbro,  oil-globules,  and  other  matters  iu  a  state  of  purtitil  disintesration.  are  to  be 

dMeeted  in  the  fsces  by  tli©  micrnseope;  but  generally  this  is  either  the  resnlt  of  taking 

la  cfxoe««ive  «iu;uitity  of  these  substances  or  it  depends  upon  some  derangement  of  the 

HfCfdte  nppanitus.     When  intestinal  digestion  takes  place  with  regularity,  tlie  trans- 

Lirm>,i\na  of  the  alinienr^ry  mass  into  fcpcal  matter  is  slow  and  gradual.     As  the  con- 

'  the  stomach  are  passed  little  by  little  into  the  duodenum,  the  cliymous  mass  he- 

I  'rljTt  yellow  color,  and  its  fluidity  is  increased,  from  the  admixture  of  bile 

'lid.     In  passing  along  the  canal,  the  conssistence  of  the  mass  gradually 

T\>m  the  absorption  of  its  )i<|uid  portions,  and  the  color  becomes  darker; 

lime  that  the  contents  of  the  ileum  are  ready  to  pass  into  the  cajcum,  the 

of  those  substances  whirl i  we  have  recognized  as  alimentary  principles 

changed  and  absorbed.     The  various  forms  of  starchy  and  saccharine  prin- 

they  hare  been  taken  in  excessive  quantity,  soon  disappear  from  the  in- 

int  i  the  glucose,  which  Ls  the  result  of  their  digestion,  may  he  recognized  in  the 

f  thi?  portjil  sy»itcm.     As  n  rule,  fatty  matters  arc  not  found  in  the  lower  part  of 

?  passed  into  the  lacteals  in  the  form  of  an  emulsion.     Neither  fibrin, 

•*  inc,  can  be  detected  in  the  ileum;  and,  as  we  have  seen,  the  muscular 

<'c,  as  recognized  by  tts  microscopical  characters,  becomes  gradually  disintegrated 
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and  is  lost — except  a  taw  isolated  fragments  deeply  colored  with  bile — some  time  before 
the  indige*^tvble  residue  passes  into  the  large  intestioe. 

In  the  human  subject,  those  portions  nf  the  food  which  resist  the  successive  and  com- 
bined action  of  the  difterent  digestive  secretions  nre  derived  chieliy  from  the  vegetable 
kingdom.  Hard,  vegetable  seeds,  tlie  cortex  of  the  cereals,  spiral  vessels,  and,  in  fine, 
all  parts  which  are  compof^^d  largely  of  cellulose,  pass  through  the  inte4>titiul  canal  with* 
out  much  change.  These  substances  form,  in  the  fajces^  the  great e^t  part  of  what  can  he 
recognized  as  the  residue  of  matters  taken  as  food.  It  is  well  known  that  an  eatclusi^elj 
animal  diet^  particularly  if  the  notritious  principles  l*e  taken  in  a  concentrated  and  rend- 
ily-aasimilable  form,  leaves  very  httle  undigested  matter  to  pass  into  the  large  intestine, 
tmd  gives  to  the  froces  a  character  quite  different  from  that  which  is  observed  in  herbiv- 
orous nnimals  or  in  man  when  stiibjected  to  an  eiclusively  vegetable  diet.  Tiie  charge* 
ters  of  the  residue  of  the  digestion  of  albuminoid  aubstancea  are  not  very  distinct.  As  a 
riite^  none  of  the  albuminoids  are  to  be  recognized  in  the  healthy  fseces  by  the  ordinary 
tests. 

Many  insoluble  inorganic  substances  are  taken  with  the  food  and  appear  nnchanp^^d 
in  the  ffcces.    The  fieces  of  dogs  fed  exeluaively  on  bones,  which  were  formerly  admiui^-^ 
tered  intornally  as  a  remedy  for  epilepsy,  under  the  name  of  alham  Graevm^  are  composed 
almost  entirely  of  calcareous  matter.     With  regard  to  the  ordinary  inorganic  const itnenti 
of  the  ffficea,  however,  it  is  didicult  to  say  how  much  is  derived  from  the  ingeata  aiiit| 
how  much  from  the  diflerent  intestinal  accretions. 


Contents  of  (he  Large  Intestine^ 

When  the  contents  of  the  small  intestioe  have  passed  the  ileo-cft'Ciil  valve^  tliey  X^\ 
come  changed  in  their  general  character,  partly  from  admixture  with  the  secretion*  of  1 
this  portion  of  the  canal,  and  are  then  known  as  the  fteces.     The  mobt  palpable  of  thesej 
changes  relate  to  consistence,  color,  and  odor. 

Fo^cal  matter  has  a  much  fimier  consistence  than  the  contents  of  the  ileum,  which  i 
due  to  a  constant  abs«>rf>tion  of  the  ru|uid  portions.  As  a  rule,  the  consistence  is  greul  ifl 
proportion  to  the  length  of  time  that  t!jo  fieces  remain  in  the  large  intestine;  and  tliis  id 
variable  indifferent  persons  and  in  the  same  person^  in  health,  depending  somewhat  npoa 
the  character  of  the  food.  The  color  changes  from  the  yellow,  more  or  less  brighl 
which  is  observed  in  the  ileum,  to  the  dark  yellowish -brown,  cbaracterititic  of  the  fofce 
Although  the  bile-pigment  cannot  nsnally  be  recognized  by  the  ordinary  testa,  it  b  ibid 
whicli  gives  to  the  contents  of  the  large  intestine  their  peculiar  color^  which  is  lost  wUc 
the  bile  is  not  discharged  into  the  duodenum.  In  a  specimen  of  heaUhy  human  fsceif 
which  had  been  dried,  extracted  with  fllcohol,  the  ulcoliolic  solution  precipilated  wi 
ether,  and  the  precipitate  dissolved  in  distilled  winter,  we  failed  to  detect  the  slig 
trace  of  the  biliary  salts  by  Pettenkofer'a  test.  In  a  watery  extract  of  the  same 
the  addition  of  nitric  acid  also  failed  to  show  the  reaction  of  the  coloring  matter  of  th| 
bile.     The  color  of  the  forces,  however*  has  been  found  to  vary  considerably  with  the  dici 

Tl»e  odor  of  the  freces,  which  is  cbaracteristio  and  quite  different  from  that  of  th| 
contents  of  the  ileum,  is  somewhat  variable  nnd  is  due  in  part  to  the  peculiar  decomi 
sitirm  of  the  residue  of  the  food,  in  part  to  the  deoompnsition  of  the  bile^  and  in  part  t< 
matters  secreted  by  the  mucous  membrane  of  the  colon  and  of  the  glands  near  tlie  anus. 

The  entire  quantity  of  ffeces  in  the  twenty-four  hrmrs  was  found  by  Wchsarg  to  bt' 
about  4*it  ounces.     This  was  tlie  mean  of  seventeen  observations ;  the  largest  quantity 
being  10  8  ounces,  and  the  smallest,  2*4  ounces. 

The  reaction  of  the  fajces  is  nndoubtedly  very  variable,  depending  chiefly  upon  the 
character  of  the  food.     Marcet  found  the  human  excrements  always  alkaline.     "Weh8arg,j 
on  the  other  band,  found  the  reactioQ  generally  acid,  bat  very  frequently,  alkaline 
neutral. 
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The  ftrtt  acearato  nnaly^s  of  tbe  fiDces  were  made  bj  Berzelius ;  but  the  grojit  od- 

Twcti*  wbicli  have  betin  muJe  ia  pbysiulo^cal  cbomistry  Binc^  that  time  have  enabled 

\aiet  oba^rvew  to  arrh'c  at  redults  ranch  more  definite  and  satisfactory.     Marcet  has  lately 

di«e«iTcired  a  cry^tallizabje  6Mb»tanco  peculiar  to  the  hmmin  (faeces;  and  we  have  recently 

tl;,  "  ;>bly  the  most  important  excreuientitious  principle  discharged  by  the 

ft.       .        .  i  from  the  bile  and  is  a  peculiiir  mudification  of  cholcsterine.     Must  of 

tincerning  the  corapusitiou  of  the  fieecs  in  health  will  be  derived  from 

rWehsjirg  und  of  Marcet  and  from  our  own  observations. 

The  proportions  of  water  and  solid  matter  in  the  fteces  ia  variable.      Berxehua  found, 

in  tlia  healthy  homan  fajce«s  T^a  parts  of  water  and  20*7  parts  of  solid  residue.     The 

ifWnge  of  fieventcon  observtitions  by  Wehsarg  was  precii^ely  the  same.     In  the  observa- 

ti(Ki:$  of  Wchaarji:,  llie  nunm  «iua»ttty  of  ^lid  matter  dii^ohiirged  in  the  fteces  in  the  twenty- 

Ibor  honr^  wa**  4^3  srrmns,  tbe  extremes  being  882  B  grains*  and  !^51-ti  grains.     TJie  pro- 

on  of  M  !  matters  in  tbe  solid  re^iidae  was  very  small,  averaging  but  little 

thun  t*  it,,  the  mean  fjuandty  iu  tbo  twenty-four  hours  in  ten  observations 

Hff  !mi  52\'i  grains.     This  was  found,  however,  to  be  exceeiUngly  rariable ;  the  hirgcst 

Btity  being  126*3  grains,  and  tbe  s*mallest,  12*5  grains. 

ltier(i«4y>picai  cxainination  of  tbe  freces  revenb  tbe  various  vegetable  and  animal  struct- 

rhich  we  have  referred  to  as  escaping  tbe  action  of  tlie  digestive  fluida.     Welisarg 

f  f*>iin<l  a  •♦finidy  divided  fi^cxU  matter ''  of  indefinite  stnicture»  but  containing  |iartly 

rat**<i  intcstintU  epitbeliura.    Crystals  of  chole^terine  were  never  obsen^ed.    When- 

ie  matter  i^  iicatrul  or  alkaline,  crystals  of  tbe  ammouio-magoesian  phosphate  are 

Toa»(l.  Mucus  is  iilsii  found  in  variable  quantity  in  the  fa&ces,  witb  desquamated  epithe- 
bom,  and  a  few  leucocytes, 

Tlie  qnantity  of  inorganic  salts  in  the  fasces  is  not  great.     In  addition  to  the  ammonio- 
an  phosphate,  pho^sphate  of  magnesia,  phosphate  of  lime,  and  a  small  quantity  of 
fcfe  been  found.     The  chlorides  are  either  absent  or  are  present  only  in  small 
iy. 

^  Marcet  has  pretty  generally  found  in  the  human  faeces  e  substance  possessing  the 

tliarartcrs  of  margaric  acid,  and  volatile  fatty  adds;  the  latter  free,  however,  from 
bwtyrlc  acid.  Cystine  is  mentioned  as  an  occfisional  constituent  of  the  fieces.  He  also 
fooad  a  culoring  matter,  wbich  is  probably  a  modification  of  bilivertline. 

In  18M,  Marcet  described  a  new  sabstance  in  tbe  Inmmn  fjqeces,  which  he  calle^l  excre- 
tiiii?,  and  an  acid  called  cxcretolefc  acid,  wliich  he  supposed  to  be  a  compound  of  excro- 
tiiie.  These  wubstjiiices  and  the  one  which  we  described  in  1862,  under  the  name  of  ster- 
riihTi«»,  are,  ^is  far  n^  we  know,  tlie  only  principles  that  have  been  recoj^Ji^^ed  tm  rharuc- 
T^Tntjf  of  the  normal  fieces;  and  tbo  stcrcorine  we  have  found  to  be  one  of  tbe  most  dis- 
iio^i  *nd  in*p<»rtant  of  the  excrcmentitious  principles  in  the  hotly.  The  rebilions  of 
•xcretioe  to  the  pnicess  of  diifassimilation  of  the  tissues  have  not  been  so  clearly  indicated^ 


Bzeretifu  and  EierftoUie  il<!i<l.— Excretine  waa  obtained  by  Marcet  from  the  healthy 

kniaoi  faeces  iu  the  follo*ving  way :  The  foDces  were  first  treated  with  boilinj?  alcohol 

mHI  nothing  more  could  he  extra«^ted.     Tliis  alcohorni  solution  was  acid  and  deposited 

liftdhn^nton  co*>ling.     Milk  of  lime  was  then  «Hded  to  the  solution,  pruducing  a  yd- 

I^W'Wi-^ffrwii  precipitate  and  l«a^5ng  tbe  fluid  of  a  clear  straw-color.     The  precipitate 

1  on  n  filter,  dried,  afterward  ni^itated  witli  ether  and  filtered,  forming 

-  Itttion.     In  from  one  to  three  duys,  beantifab  long,  silky  crystals  of  ex- 

werc  formed,  generally  collected  iot^  tufts  wcllH^riiifr  to  the  sides  of  tbo  vessel. 

-  •  i>y  the  microscope,  these  were  found  to  consist  of  acionlar,  four-sided  prisms 

ize.     Tlds  snhstance  \%  insoluble  iu  water,  s!i;;btly  soluble  in  cold  alcohol,  hut 

Ti  other  and  in  hot  alcohol.     Its  alcoholic  sohitions  are  faintly  though  dis- 

\u  fu«ing*point  is  from  203''  to  205°  Fahr,     It  may  be  boiled  with 

I  ^ ..  fwT  hoard  without  undergoing  saponification.     Apparently,  the  qnantity  of  excre- 
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tine  contained  in  the  fieces  is  not  very  great,  as  only  12'5  grains  were  obtained  bjr  Ms 
from  Dine  evacuations. 

We  have  very  little  definite  infarniation  concerning  the  production  of  ezeretine 
Marcet  examined,  on  ooe  occasion,  the  contents  of  the  small  intestine  of  a  man  that  ha 
died  of  disease  of  tbe  heart,  without  finding  any  excretine.  It  la  prol«ahle  that  th^ 
principle  is  formed  in  the  Jarge  intestine,  although  farther  obfiervatiuus  are  wanting 
tliJb  point. 

The  substance  called  excretoleic  acid  is  very  indefinite  in  its  composition  and  pro 
tieg.     It  h  deacrihed  as  im  ohve-colored  fatty  acid,  insoluble  in  water,  non-saponifiaUle, 
und  very  soluble  in  ether  and  in  hot  alcohol.     It  fuses  at  from  77^  to  7l»°  Fahr. 


Stcrcorine.—This  i)rinciplo,  which  we  discovered  in  the  faeces  in  1862,  was  d«cri 
by  Boudet  in  1833,  aa  existing  in  excessively  minute  quantity  in  the  serum  of  Uie  hi 
and  was  called  by  him  seroline.     A^  we  found  it  t»  be  tbe  most  abundant  and  charactei 
istic  constituent  of  the  etercoraceous  matter,  wo  proposed  to  call  it  stercorine;  partlcu. 
larly  as  our  researches  led  ua  to  the  opinion  that  it  really  does  not  exist  in  the  serum,  h 
is  formed  from  cholesterine  by  the  processes  employed  for  its  extraction. 

Stercoriue  may  be  extracted  in  the  following  way  :  The  fajcea  are  first  evaporated  I 
dryncjis,  pulverized,  and  treated  with  ether.  Tbe  ether-extract  is  then  jiaB^ed  ihruQg! 
animal  charcoal,  fresh  ether  being  added  until  the  original  quantity  of  the  etber-extract 
has  passed  through*  It  is  impossible  to  decolorize  entirely  tbe  solution  by  this  proceae; 
bnt  it  f>hould  pass  throngh  perfectly  clear  and  of  a  pale*amber  color.  The  ether  is  then 
evaporated,  and  the  residue  is  extracted  with  boiling  alcohol.  This  alccbolic  aohjtiua  is 
evaporated^  and  the  residue  is  treated  with  n  i^olulion  of  canstic  potash  ft>r  one  or  two 
hours  at  a  temperature  a  little  below  the  boiling-point,  by  which  all  the  saponifiahic  fats 
are  dissolved,  Tlie  mixture  ia  then  largely  diluted  with  water,  thrown  upon  a  filler,  and 
i>  washed  until  the  fluid  which  passes  through  is  neutral  and  perfectly  cJear.  The  filter  is 
then  carefully  dried,  and  the  residue  is  washed  out  with  ether.  Tbe  ether  solution  is  then 
evaporated,  extracted  with  boiling  alcohol,  and  the  alcohohc  solution  is  evaporated.  The 
residue  of  this  last  evaporation  is  composed  of  pnre  stercorine, 

When  first  obtained,  stercorine  is  a  clear,  slightly  amber,  oily  substance,  about  th« 
consistence  of  Canada  balsam  used  in  inieroscopitral  preparations.  In  four  or  five  days 
it  iHJgios  to  §how  tbe  cbaracteristic  crystals.  Tliese  are  few  in  number  at  first,  but  soon 
tfie  entire  n»ast  assumes  a  crystalline  form.  In  one  analyds,  we  obtained,  from  seven 
and  a  half  ounces  of  normal  human  fa?ces  (the  entire  quantity  for  the  twenty-four  hour*>, 
1 0*4 1 7  grains  of  stercorine,  the  extract  consisting  of  nothing  hut  crystals.  This  was  all 
tlie  sti^rcorine  to  be  extracted  from  tlie  regular,  daily  evjtcuatlon  of  a  hetilthy  mate 
twenty-six  years  of  age  and  weighing  about  one  hundred  and  sixty  pounds.  In  tho  ab- 
sence of  other  investigations,  the  daily  quantity  of  this  Bubstaneo  excreted  may  be  as- 
sumed to  be  not  far  from  ten  grains. 

In  many  regards,  stercorine  liears  a  close  reseinhlftnce  to  t'hole^teri^e.  It  is  Deutral, 
inodorous,  and  insi»]uble  in  water  mid  in  a  solution  of  potash.  It  is  soluble  in  ether  and  m 
hot  ah^oljol,  but  is  almost  insoluble  in  cold  alcohol,  A  red  color  is  produced  wh«ji  it  is 
treated  with  strong  sulphuric  acid.  It  may  be  easily  distingnislied  from  choKstenne, 
however,  by  the  form  of  its  crystals.  It  fuses  at  a  low  tcmpi-Tature,  968"^  Faljr,.,  while 
eholesterine  fuses  at  *293'  F:ihr. 

Stercorine  crystallizes  in  the  form  of  thin,  delicate  needles,  frequently  mixed  with 
clear,  rounded  globtdes,  which  are  probably  compo.sed  of  the  same  substance  in  a  non- 
crystalline form.  "When  the  crystals  are  of  considerable  size,  tlie  borders  near  their  ex- 
tremities are  split  longitudinally  for  a  short  distance.  The  crystals  are  frtKiuently  ar- 
ranged in  bundles,  as  in  Fig.  81,  in  which  they  are  represented  as  seen  under  a  TS-inch 
otigective.  In  Fig.  82,  tlie  crystals  are  represented  as  seen  under  a  {inch  ©bjeetivc. 
Theee  crystals  cannot  he  confounded  with  excretine,  which  cijetalli^es  in  tbe  form  of 
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Wf  loor^ded  prisma,   or   with   the   thin    rlioraboidal   or   rectangular   ti\l»IeU  of 
cboleit«rine.    They  are  iUenticiil  with  the  crystals  of  sen>lijie  figyrod  by  Roliii  and 

There  can  be  no  doubt  witli  regard  to  the  origin  of  tbe  stercorlne  which  exists  in  the 
We  hmre  found  that,  whentiver  the  bile  ia  not  dischartred  into  the  duodi?num,  m 
Uhlr  the  ca^.  for  n  time,  in  icterus  accompmiied  with  clay-colored  evacuations, 
w»^r^-'  '  to  be  discovered  iu  the  dejeetions.     In  one  case  of  this  kind,  in  which 

ibc  fk^i  ^tibjected  to  examination,  the  matters  extracted  with  hot  alcohol  were 

oisireljr  dissolved  by  boiling  for  fifteen  minutes  with  a  solution  of  potaah,  sliowing  the 
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Fia.  ht—Sttrc0r(n4/rom  ^t human /^cim* 


Fro.  ^,^Stfr(*orin^  from  th^  mtm^^mimt^  t^fttrit  hu^l 

tJiiJt  fjiujut^  and  aUmc^d  to  cri^tttilUst, 
Th«  crystalUjaitbo  woa  vtry  aJow,  occupyLog  Mvero]  weeJEA. 


dbmie^  *>f  *»ho1e9terine  and  etercorine.  In  another  eiaminatiou  of  the  faeces  from  this 
prtbfjt  neteen  days  after,  when  the  icterus  had  almost  entirely  disappeared  and 

thi  *v  had  become  nonnal,  stercorioe  was  discovered.     These  facts  show  that 

fib«  eliolesterine  of  the  blleT  in  its  passage  tlirough  the  intestine,  is  changed  into  ster- 
corint.  Both  of  the.^e  principles  are  crystalline,  non-saponifiable,  are  extracted  by  the 
imt  ehemScal  manipulation^  and  behave  in  tbe  same  way  when  treated  with  sulphuric 
Kid,  The  stercoriue  ninst  be  regarded  as  a  slight  modification  of  cholesterine,  which 
<ith*  oicriTnentitious  principle  of  tbe  bile.' 

•  found  that  the  change  of  cholesterine  into  ^tercorino  is  directly  connected 
nicesaof  intestinal  digestion.     If  an  animal  be  kept  for  some  day»  without 
terine  will  be  found  in  tlie  fiecesi,  although^  for  a  few  days,  stercorine  is  also 
^^  is  a  fact  generally  recognized  hy  thost:  who  have  analyzed  the  faeces,  that 
docs  not  exist  in  the  normal  evacimtions ;  but^  whenever  digestion  is  arrested, 
...^  .u.  ,.,.,ag  constantly  discharged  into  thedumlenum,  cholesterine  ts  found  in  large  quan- 
tity.   Vqt  example,  in  bibernatJnir  animds,  cholesterine  is  always  present  in  tlie  fasces. 
tli  iUDe  U  true  of  the  contents  of  the  intestines  during  fecial  life  ;  the  meconiutn  always 


>  Into  tb«  fliiictlofif  of  rholcft^^rlnp  bnvc  left  no  doubt  thftt  thb  Is  an  excrcraentitJotui  rir1i><<lpl« 
I  111  lllipOflAllc«  to  tmM.  Wf  bttvo  f»Mir>'1  thai  cholrstcrijDc  la  sJirj&yB  mon  tbundont  ba  the  blood  corn- 
er ^VB  tibi  bmla  that  In  tht^  btnod  of  tbo  pcnorni  Arterial  syf^t^m  or  fn  tlie  tcooua  bUiod  brom  otber  partA; 
DH  lit  quantity  l«  hmrUlf  tpprcrUbtc  \q  rvnom  htrtotl  n-otn  \lw  paniJnrd  »lde  \n  bcmlpTepia;  «Ad  that.  It  U  i«p- 
"Uai  INqd  tt»f  blnod  bf  tbb  lircr.  W«  have  also  ahowD  that,  ia  caac«  of  serious  i«truptural  ciiscasf*  nf  the  liver 
I  iy  *ri»ptniiMi  pniDUnfr  Ur  hUxKl-po{»aniDc.  ihoU-^tvrliie  ncvutnuliites  in  the  blood,  con»titutiD«?^  a  cm* 
hi««  toavn  f^flcd  rhole^ternmilii,  Thl*  «nl>Hrt  \v1l]  hi-  fully  di«eu<«?^f'il  under  tlie  head  of  c3ter*<tloii.  For 
^ManHBtof  our  otMerraUoaa  upon  tiiu  ftixjctions  uf  chukaUTUi^,  see  TJie  American  Journal  c/  tiu  Mtnlieat 
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containing  a  large  quantity  of  choksterine,  vvLich  diaappejirfi  from  the  evacoatioiw  whmt 
the  dige^itive  fmictlun  becomcjs  established. 

Movements  of  the  Large  Ihte»t%ne, 

MovemeDts  of  the  general  character  which  we  have  noted  in  the  sma]]  intestine  ocfi 
in  the  large  intestine,  although  tlie  peculiarities  in  the  arrangement  of  the  muscular  6tr««' 
and  tlto  more  liolid  consistence  of  the  contents  render  these  movements  in  the  hirge  in* 
testine  somewhat  dbtinctive.  In  all  inatancea  where  the  movements  have  been  ohserred 
in  the  human  subject  or  in  tbe  lower  anitnals,  they  have  been  found  to  be  toss  vigorous  and 
rapid  than  the  contractions  of  the  smaU  intestine.  Indeed^  when  the  abdominal  organs 
are  exposed,  either  in  a  living  animal  or  immediately  after  deaths  movements  of  the  larg^ 
intestine  are  generally  not  observed,  except  on  the  application  of  mechimical  or  galvanic 
irritation  ;  and  they  are  then  more  circumscribed  and  are  much  less  marked  than  in  any 
other  part  of  the  alimentary  canaL  In  the  rabbit,  in  whit^h  the  colon  is  very  large,  tho 
few  spontaneous  movements  which  are  sometimes  seen  on  opening  the  abdomen  immedi* 
ately  after  death  are  feeble  and  irregular,  particularly  in  t!io  coecum.  That  the  fteces  re- 
main for  a  considerable  time  in  some  of  the  sacculated  pouchea  of  tbe  colon,  is  evident 
from  the  appearance  wbich  they  sometimes  present  of  having  been  moulded  to  the  shape 
of  the  canal.  Tbis  appearance  is  frequently  observed  in  the  d^ections,  which  are  ih«]| 
said  to  be  "  figured," 

In  the  caecum,  the  pressure  of  matters  received  from  the  ileum  forces  the  mass  onward 
into  the  ascending  colon,  and  the  contractions  of  its  muscular  fibres  are  undoubtedly 
slight  and  inefficient.  Once  in  tbe  colon,  it  is  easy  to  see  how  the  contractions  of  tl»e 
muscular  structure  (tbe  longitudinal  bands  shortening  the  canal,  and  the  transverse  fibres 
contracting  below  and  relaxing  above)  are  capable  of  passing  the  fascal  mass  slowly 
onward.  Although  tbe  transverse  fibres  are  thin  and  seemingly  of  little  power,  their  con- 
traction is  undoubtedly  sufficient  to  empty  the  sacculi,  when  assisted  by  the  movements  of 
the  longitudinal  fibres,  especially  as  tlic  canal  is  never  completely  filled  and  the  fmces  aro 
frequently  in  the  form  of  small,  moulded  lumps.  By  these  slow  and  gradual  movements, 
the  contents  of  tlie  large  intestine  are  pas-Jsed  toward  the  sigmoid  flexure  of  the  colon, 
where  tbey  are  arrested  until  the  period  arrives  for  their  final  discharge.  The  time 
occupied  in  the  passage  of  the  f«eces  through  the  ascending,  transverse,  and  descending 
colon  is  undoubtedly  variable  in  difterent  persons,  aa  we  find  great  variations  in  Ihe  inter- 
vals between  tljc  acts  of  dettccation.  During  their  pftssage  along  the  colon,  the  contents 
of  the  canal  assume  more  and  more  of  the  normal  f®cal  consistence  and  odor  and  become 
slightly  coated  with  the  mucous  secretion  of  the  parts. 

It  has  been  pretty  conclusively  shown  that  the  accumulation  of  fteces  generally  takes 
place  in  the  sigmoid  flexure  of  the  colon ;  for,  under  normal  conditions,  the  rectum  is  found 
empty  and  contracted.  This  part  of  the  colon  is  much  more  movable  than  other  j»or- 
tions  and  is  better  calculated  as  a  receptacle  for  faeces.  At  certain  tolerably  regidor  in- 
tervals, the  faecal  matter  is  passed  into  the  rectum  and  is  then  almost  immediately  dis- 
charged from  the  body. 

Defivcatton. 

In  health,  expulsion  of  faecal  matters  takes  place  with  regularity  generally  once  in 
the  twenty-four  hours.  This  rule,  however,  is  by  no  means  invariable,  and  dejections 
may  habitually  occur  twice  in  the  day  or  every  second  or  third  day,  within  the  limits  of 
perfect  health.  It  is  well  known  that  habit  has  a  great  influence  upon  the  regularity  of 
defjffication ;  and  sometimes,  in  cases  of  irregularity,  physicians  have  recommended  pa- 
tients to  make  an  effort  to  void  the'fajces  at  a  certain  time  every  day*  tbis  practice  being 
frequently  followed  by  the  best  result"*.  At  the  time  when  defalcation  ordinarily  takea 
place,  a  peculiar  sensation  is  experienced  calling  for  an  evacuation  of  the  bowels ;  and, 
if  tbis  be  disregarded,  the  desire  may  pass  away,  after  a  little  time,  the  act  becoming 
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Uoder  these  ciroumBtances,  it  is  probable  that  the  fmmi  are  passei]  out  of 
ibfl  rM^lnm  by  antiperistaltic  actir>B* 

Tb*  condition  which  immudiatt^ly  precedes  tlie  desire  for  defiecation  is  probobly  tljc 
at  of  the  coQteDts  of  the  sigmoid  flexure  of  tlie  colon  into  the  rectum.  It  was  for- 
ri/  tiUKight  that  the  fieces  constantly  acciitntilated  in  the  dilated  portion  of  the  rec- 
tJlfn,  wb«re  they  remained  until  an  evaouatiau  took  place  ;  but  the  arguments  of  O^Beirne 
^gliort  flQch  a  view  are  conela^ive*  He  has  demoni^tratcdf  by  numerous  explurfitions  in 
the  bttmiin  subject,  that,  under  ordinary  conditions,  the  rectum  is  contracted  and  con- 
tmns  neithe'r  fa&ce^s  nor  gaa.  It  is^  indeed,  a  fact  familiar  to  every  sxirgeon,  tlidt  the  rec- 
tam  nsnally  contains  nothing  which  can  be  reached  by  the  finger  in  pliyMcal  exwniina- 
tioo^  and  that  paralysis  or  section  of  the  muscles  which  close  the  anus  by  no  means  in- 
if  la,  neccssttrily,  a  constant  passtige  of  ftecal  matter*  O'Beirne  not  only  found  the  rectum 
uptjT  and  presi»nting  a  certain  amount  of  resistance  to  the  passage  of  injected  tiuids,  but, 
pagaiing  a  stouiaclj*tube  into  the  howul^  aft^ir  penetrating  from  six  to  eigbt  inches  it 
i  into  a  ^mcQ  in  which  ita  extremity  could  be  moved  with  great  freedom,  and  thero 
WAS  iiistjiotly  a  ninh  of  flatu.s  of  fluid  tkces,  or  of  both,  through  tlie  tube.  In  some  in- 
Bccs  in  which  nothing  escaped  through  the  tube,  the  instrument  conveyed  to  the  hand 
\  iinpresflion  of  having  entered  a  solid  mass;  and  on  being  withdrawn  it  coDtained  solid 
m  its  upper  portion.  According  to  this  observer,  the  sensation  which  leads  to  an 
to  di2»charge  the  ficeces  is  due  to  the  accumulation  of  matters  in  the  sigmoid 
which  finally  present  at  the  contracted  portion  of  the  rectum  just  at  its  com- 
DdUiaent.  Tliis  conjitnction,  situated  at  the  most  superior  portion  of  the  rectum,  is 
foiniftimes  s[«oken  of  it^  the  sphincter  of  O'livirne, 

The  above  is  undoubtedly  the  mechanism  of  the  descent  of  fecal  matter  into  the 
rectum  in  deftecation,  as  the  act  is  usually  perforrucd  ;  but,  under  certain  circumstances, 
Cirre*  must  accnmulate  in  the  dilated  portion  of  the  rectum.    Ordinarily,  the  discharge 
of  ftbc^s  only  takes  place  after  the  effortir  have  been  continued  for  n  certain  tiuie  ;  and 
when  the  evacuation  is  *' figured,"  the  whole  length  discharged  frequently  exceeds  so 
wach  the  length  of  the  rectum,  that  it  is  evident  that  a  porti4>n  of  it  must  have  come 
<it»m  tli«  colon,     CBeirne  states,  indeed,  that  he  has  frequently  examined  the  rectum  at 
lK#  moment  when  a  moderate  inclination  to  go  to  htool  is  felt,  and  found  it  empty  and  con- 
trsclt'd.     Bui,  in  cases  in  which  the  faeces  are  very  fluid,  or  when  the  call  for  an  e vacua- 
lion  has  nut  been  regarded  and  has  become  imperative,  the  immediate  discharge  of  mat- 
ter* *  lien  the  sphincter  is  relaxed  shows  that  the  rectum  has  been  more  or  less  distended, 
la  m!my  penions  of  constipated  habit,  and  particularly  in  old  subjects,  the  rectum  may 
Ur^me  the  6eat  of  large  accumulations  of  hardened  and  impacted  forces;  but  this  is  a 
9«lbilngieat  condition, 

Th^  •ensation  which  ordinarily  precedes  and  gives  rise  to  tl»e  evacuation  of  faecal  mat- 
kr b iifeenliar  and  very  variable  in  intensity.  When  this  sensation  is  well  marked  but  not 
tienilv«,  it  is  probably  due  to  the  presence  of  fiecaJ  matter  in  the  rectum,  not  in  fcuffi- 
*Wttl  quantity,  however,  to  press  forcihly  upon  tbe  sphincter.  Pressure  upon  the  rectum 
from  ant  cause,  or  irritation  of  its  mucous  membrane,  is  apt  to  give  rise  to  this  pecuhur 
itib«uion  to  a  very  marked  degree.  In  some  diaeases,  the  exaggeration  of  this  sensation, 
theo  called  tenesmus,  is  very  distressing. 

lo  the  process  of  defa?cation,  the  first  act  is  the  passage,  by  peristaltic  contractions, 
cf  the  contents  of  the  sigmoid  flexure  of  the  colon  through  the  slightly-constricted  open- 
in*fif  th*»  rectum  into  its  dilated  portion  heh»w.  The  frecal  matter,  however,  is  not  nb 
!  t  !  [i*  f'  Titfun  in  this  situation,  hut  it  parses  into  the  h^wer  portion  of  the  rectum,  in 
'  "Sirrii  r  t*  tfjc  contractions  of  it?;  muscular  coat,  as.*isted  by  the  action  of  the  abdoiiii- 
J^i  friii-(  fcs  and  the  diaphragm.  The  circular  fibres  of  the  rectum  undergo  the  ordinary 
r  rittiiiuc  contraction  ;  and  the  action  of  the  longitndinal  fihres  is  to  render  the  rectum 
•*Kw1«r  and  more  nearly  straight.  The  internal  and  the  externa!  sphincter  present  a  cer- 
Ui&  ftauunt  of  resistance  to  the  discharge  of  the  fsDces^  more  particularly  the  external 
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ipliineter,  which  is  a  striated  muscle  of  considerable  power.  There  is  always,  hciweTer, 
a  voluDtarjr  relaxation  of  tljis  muscle,  or  rather  a  cessation  of  its  semi-Tolunlary  con- 
traction, which  immediate] J  firccedes  the  expulsive  act^  The  dilatation  of  the  snnfi  is 
also  facilitated  by  the  action  of  the  levator  ani,  which  arises  from  the  posterior  surface 
of  the  body  and  ramus  of  the  pubis  the  inner  surface  of  the  s|)iDe  of  the  ie^chitiiii,  and  a 
line  of  fascia  between  these  two  pointa,  passes  downward,  and  is  iosertcd  into  the  me- 
dian raphe  of  the  perineum  and  the  aides  of  tiie  rectum,  the  fibres  uniting  with  those  of 
the  sphincter.  Wbile  this  muscle  form.s  a  support  for  the  pelvic  organs  during-  the  act 
of  straining,  it  steadies  the  end  of  the  rectum^  and,  by  its  contractions,  favors  the  relaxa- 
tion of  the  sphincter  and  draws  the  anus  forward. 

The  action  of  the  diaphragm  and  the  abdominal  muscles  is  very  simple.  They  merely 
compress  the  abdominal  organs,  and  consequently  those  contained  in  the  pelvis,  and  as- 
sist in  the  expulsion  of  the  contents  of  the  rectum.  The  diaphragm  is  the  moat  impor- 
tant of  the  voluntary  muscles  concerned  in  this  process;  and,  during  the  act  of  straining, 
the  lungs  are  moderately  filled  and  respiration  is  interrupted.  The  vigor  of  these  efforta 
depends  greatly  upon  the  coui^istence  of  the  f»cal  maa*^  very  violent  contractions  b^ng 
frequently  required  for  the  expulsion  of  hardened  fieccs  after  long  constipation.  Al- 
though more  or  less  straining  generally  takes  plnce,  the  contractions  of  the  muizcular 
coats  of  the  rectum  are  frequently  competent  of  tliemselves  to  expel  tlje  heces,  espe- 
cially when  they  are  soft.  This  can  be  shown  by  arresting  all  voluntary  muscular  action 
during  an  easy  act  of  defsecation,  when  tlio  fteces  may  be  passed  by  contractions  of  the 
rectum  alone. 

By  a  combination  of  the  movements  above  described,  the  floor  of  the  periiieutn  is 
pressed  outward,  the  anos  is  dilated*  the  sharp  bend  in  the  lower  part  of  the  rectum  is 
brought  more  into  lino  with  the  rest  of  the  canal,  and  a  jtortion  of  the  cont*  nts  of  the 
rectum  is  expelled.  Very  soon,  however,  the  passage  of  fa*ocs  is  interrupted  by  a  coa- 
traction  of  the  levator  ani  and  the  sjihincter,  by  which  the  anus  is  suddenly  and  rathcjr 
forcibly  retracted.  Tljis  mnscuhir  action  may  he  effected  volnntarily;  but,  after  the 
sphincter  haj  been  dilated  for  a  time,  the  evaluation  is  interrupted  in  this  way,  nctwith- 
fitanding  all  efforts  to  oppose  it.  After  a  time,  another  portion  of  fteces  is  discharge, 
nntit  the  matters  have  ceased  to  pass  out  of  the  sigmoid  flexure  and  the  rectum  hag 
been  emptied.  The  mucons  membrane  of  the  rectum,  which  is  rather  loosely  held  to 
the  subjacent  tissue,  is  slightly  prolapsed  during  an  evacuation,  but  it  returns  shortly  aft^r 
the  not  has  been  completed. 

Very  little  need  be  said  concerning  the  influence  of  the  nervous  system  on  the  move- 
ments concerned  in  defrecation.  The  non-striated  muscular  fibres  which  form  the  mns^ 
cular  coat  of  the  rectum  are  supplied  with  nerves  from  the  sympathetic  sy&tem ;  and  to 
the  external  j?|)hinrtcr  are  distributed  filnments  from  the  hist  sacral  pair  of  the  j^pinal 
nerves.  These  nerves  bring  the  sphincter  tu  a  certain  degree  under  the  control  of  the 
will  and  impart  likewise  the  property  of  tonic  contraction,  by  which  the  anus  is  kept 
constantly  closed. 

Gases  found  m  the  AUmaitari/  Canal. 

In  the  human  sobject.  a  certain  quantity  of  pas  is  generally  found  in  the  stomach  and 
10  the  small  and  large  intestine.  The  most  arcnrate  analyses  of  the;*e  gases,  aa  they  may 
be  supposed  to  exist  in  the  human  subject  in  health,  are  those  of  Magendie  and  C1»ev- 
reul,  who  had  the  opportunity  of  examining  the  bodies  of  several  criminals  immediately 
after  execution. 

The  gases  in  the  stomach  appear  to  have  no  definite  function.  They  generally  exist 
in  very  small  quantity,  and  they  are  sometimes  absent.  Tlie  oxygen  and  nitrogen  are  de- 
rived from  the  little  bubbles  of  air  which  are  Incorporrtted  with  the  alimentary  bolus  dur- 
ing masticatifju  and  in^alivation.  Tlie  other  gases  are  probably  evolved  from  the  food 
during  digcatioa ;  ot  least,  there  is  no  satisfactory  evidence  that  ihey  are  produced  in  any 
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Ei«r  mijr.  Magtfo<Iie  luid  Clien'Oiil  collected  imd  analjrzed  a  small  qoantitj  af  ^a»  C^oui 
Um  tlariiiaoli  of  aa  executed  criminal  a  short  time  after  death  and  asccrtaiued  that  it  hud 
the  foll<rvtag  eompoaiUou : 

Gases  contained  in  the  Stomach, 

Oiygen 1100 

Ckrbonic  icid. , U'OO 

Pore  hydrogen. ,.....,.,...... 8*55 

Nitrogen.. ...  71*45 

im-m 

wMm^ty^i^  iitj'i  CheTTeul  found  three  different  guses  in  tljo  small  intestine.    Their  cx- 

I  were  inado  upun  three  criiniuald  *iOoii  after  execution,    Tho  first  was  tvventy- 

lof  AgCf  and,  two  hours  before  execution^  had  euten  bread  and  Gruyere  djeese 

L  had  drunk  red  wine  uad  wuter.     The  second,  who  was  executed  at  the  satae  time^  was 

itf-tltrDQ  years  of  age.  and  the  conditions  as  regards  digestion  were  the  same,     Tlie 

i  viLs  twenty-eight  years  of  a^^e^  and,  four  hours  before  death^  he  ate  bread,  beef,  and 

,  anil  drank  red  wine  and  water.    The  following  was  the  result  of  the  analyae? 


Gases  contained  in  the  Small  Intestine, 


Flnt  CtimiiuL 

r»H>oo!c  iicid 24-39. .  . 

Pwnf  hydrogen  .«,,.._«,,  55'&S» . . 


Booobd  Crliulnftl 

TliM  Crlmli 

4'^"'''0 

,  .   2r.'00 

.  .      8-10 

.  ,  ,      1''  ^  .1 .,,..,.  . 

,     ,    .  . ,   6G00 

imroo 
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No  oxygen  was  found  in  eitlier  of  the  exaniinatioiis,  and  the  quantities  of  the  other 
^  wvre  so  rariable  as  to  lend  to  the  supposition  that  their  pro|Pi»rtion  is  not  at  ail  defi- 
We  hare  already  alluded  to  the  luechanieal  function  of  these  gases  in  intestinal 
KioQ. 

la  th«  large  intestine,  the  constitution  of  the  gases  presented  the  same  variabihty  as 
la  the  flina.U  intestine.  Carburetted  hydrof^en  wits  fimnd  in  all  of  the  anulyses.  In  the 
top  Intestine  of  the  first  criminal  and  in  the  rectum  of  the  third,  were  found  traces  of 
•Ipbanrlled  hydrogen.  The  following  is  the  result  of  tlie  nnnlyses  in  the  cases  just 
eittd.    In  the  tliird,  the  gaseous  eontenta  of  the  csbciuu  and  the  rectam  wore  analyzed 


Gams  eonkiined  in  the  Large  Intestine, 

Fl«t  CMmlnal. 

Soooim!  CrUninal. 

TblnlCrlmlzud. 

Tijird  CrimioaL 

iud  traces  of  suU 

48-50 
6-47 

'^O'OO 
11  CO 

isVo 

12-fi4) 

7'5»> 
1250 

67-iVO 

Herlnm. 

htre  ttftlrogwu  And  t^rbnretted  hydfo- 
pn »,, , , 

1118 

TO  hyilniBcx 

ClftMiTtLra~  livdroif«''n 

Xilmjf-r 

ftl'ftS 

45-yb 

1(X>U0 

lUOOO 

100-00 

10000 

(fr  *-  Intsntiftal  Otues. — '^Fith  our  iiresent  information  on  this  mibjeot,  the 

»o«t  riew  to  take  of  the  oriirin  of  tlie  phases  normally  found  in  the  intestines 

ttthn  Uiey  Are  given  off  fron^k  the  articles  of  food  in  tbeu*  various  stages  of  digestion  and 
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decomposition.  That  this  is  the  priocipal  source  of  the  intestinal  gases«  there  can  be  no 
doobt ;  and  it  is  well  known  that  certain  articles  of  food,  particularly  vegetaWea,  gen-  | 
erate  much  more  gas  than  others.  Tlie  principaJ  gases  found  in  the  intestinal  canal  may 
all  be  obtained  from  the  food.  Some  of  them,  as  hydrogen  and  curburetted  h>  drogen, 
do  not  exist  in  the  blood  ;  and  it  is  difficult  to  conceive  how  they  can  be  generated  in  tXte 
iutostine  except  by  decomposition  of  some  of  the  articles  of  food,  Hvdrogen  and  its 
compounds  are  always  found  in  quantity  in  the  small  and  the  large  intestine. 

It  is  said  that  gas  is  sometimes  found  in  the  intestines  of  the  foBtus,  and  that  it  may 
bo  generated  in  a  loop  of  intestine  in  a  liviog  animal,  aftt?r  a  portion  of  the  canal  has  been 
drawn  out,  isolated  by  ligatures,  freed  from  its  liquid  and  gaseous  contents,  and  retnmed 
to  the  abdomen.  In  some  diseased  conditions,  also^  it  is  very  common  for  the  abdomen 
to  become  rapidly  tympanitic,  the  gas  being  generated  so  quickly  that  its  presence  is  not 
easily  explained  by  supposing  it  to  be  evolved  by  deci^mposition  of  the  ingesta.  It  bas^ 
indeed,  been  supposed  that  the  iute*stiDal  mucous  membrane  is  capable  of  secreting  gases 
as  well  as  liquids ;  but  there  do  not  apj^ear  to  be  any  positive  facts  in  support  uf  this 
view.  No  doubt  some  of  the  gases  which  may  be  formed  in  the  intestine  are  capable 
of  absorption.  It  is  impossible  to  say,  however^  that  even  the  gases  normally  held  in 
eolation  in  the  blood,  namely,  oxygen,  nitrogen,  and  carbonic  acid»  are  eshaled  frum  the 
blood  into  the  intestiLal  cavity*  Oxygen  is  never  given  off  in  this  way.  for  this  gas  haa 
been  found  only  in  the  stomach  and  is  there  derived  from  air  which  has  been  swallowed. 
With  regard  to  the  origin  of  tlie  other  gases  found  in  the  intestine  under  the  pecoUar 
circumstances  just  mentioned,  in  which  they  are  opparontly  generated  with  much  rapidity, 
there  are  not  sufficient  data  to  enable  us  to  form  an  intelligent  opinion. 


CHAPTER   X. 
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I  of  ibforptloD— AtMorpUon  by  blood'Traelft— Ab«orpt1on  by  lacteAl  Aod  h*niphat1e  i 
mxij  of  the  lAeUal  and  Ijmpluitk  sjftem^Abiorpdon  bj  the  liu:tejil»— Abe<tr]>tloi)  from  p«it» 
oot  eonsectnl  with  the  dlg««tlv«  •yst^m-^Abaorptkn)  otfkU  tnd  IntoUibfo  tobsUiictts— Tarbtloiu  lod  nojiatt* 
tlons  of  absorfitlot)— Imblbftloti  luid  endosmoftU— Imblbinoa  byaotiiuil  Uwqm— Hedumlim  of  Use  punfo  of 
liquids  through  tu em hrancfl— Co pllUry  AttrActloa^KitdoiiiioiilA  throU|Eb  poroiu  »epta— Eodonuods  thRNif b  Mit- 
nidil  mctDbrunes— EndoBrnoftts  Ibroupb  ttqufd  septa— DtflXiAf on  of  Hqukl* — EndoMtiotleequlTvleot*— MoitlHeatloBi 
of  «-ndosLDii«iA — AppUctttEoo  of  pbyslcal  Liwh  to  the  fuoctlon  of  i1»sorptlou—TreiiBud«t{on'~ Lymph  sad  ckj)^ 
Mode  of  obtalQlug  lymph -QtiAtiltty  of  lyniph— Froijcrtle*  oud  compofiltioD  of  lyuiph— Alltn^tionj  of  Uio  f 
— Corptuculai- «it'iuvDL»of  the  lytDpb — Leucocyte*— Dcvelopmeiit  of  Iciicocjnci  In  Ihv  lymph  and  rb>|< 
olliw— Origin  and  function  of  the  lymph— Grneml  ptt)p«rti<e*  of  the  chyle— ComiMwIUon  of  the  cUyle- 
Uvo  uulysoftof  the  lymph  mnd  ILe  chyle— Microscopkal  c^nctere  of  the  cJiytc^MovtoKiot  uf  tho  ^fmph  uid 
ckyto. 

DiQESxmx  has  two  great  objects:  one  is  to  liquefy  the  different  allmentiiry prinoi- 
ple^;  and  the  other,  to  commence  the  series  of  transformations  by  which  these  principle! 
are  rendered  capable  of  nonrishinp  the  organism.  The  priDciples  thus  acted  upon  are 
taken  into  tlie  blood  as  fast  aa  the  requisite  changes  in  their  constitot ion  are  effected; 
and,  once  received  into  the  circulation,  they  become  part  of  the  preat  nutritive  flnid,  snp- 
plyinj^  the  waste  which  the  constant  regreneration  of  the  tissues  from  materials  furnished 
by  the  blood  necessarily  involves.  The  only  group  of  pririciides  winch  j>o,ssibly  doe>  not 
obey  this  general  law  is  the  fats.  Although  a  small  portion  of  the  fat  taken  as  food 
passes  directly  into  the  blood-vessels  of  the  intestinal  canal^  by  far  the  greatest  part  tinda 
ita  way  into  the  circulation  by  meims  of  special  absorbent  vessels  which  empty  into  large 
vema.  In  whatever  way  fat  enters  the  bloody  it  is  never  dissolved,  hnt  is  reduced  to  the 
condition  of  a  fine  emulsion. 
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Th4f  pfocesf  by  wbicb  digested  materiala  are  taken  into  the  blood  ia  culled  absorption, 
f  U  iiaw  rocugiiijtt'd  that  two  sets  of  vessels  ore  concerijed  in  t!io  perforiiiunctf  of  this 
ndiofi;  luaudy,  the  bluod-vesscls  and  tlio  la€teals.  Those  [lart^  of  the  loud  which 
hmre  bi?eii  rendered  fluiil  wud  are  t*a|iahle  of  fomjing  u  homogeneous  inixturo  with  the 
tilood-pliianui  are  absorbed  ehietl.v  by  the  blood- vessels^  althoagh  a  small  portion  tiuds  it^ 
way  intu  the  Ucteals.  Ttie  etuQlsltied  fats  are  taken  ap  ia  greatost  part  by  the  lacteals, 
jUtboniEli  »  small  ijuantity  is  taken  directly  into  the  bluod.  In  treating  of  this  ssubjeet^  it 
wiH  1m  caQreuieni  to  consider  separately  the  action  of  thcsc^  two  kinds  of  vessels, 
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Absorption  by  Blood-  Vessels, 

soluble  substances  can  pass  through  the  delicate  walls  of  the  capillaries  and 

Jl  vrina  and  that  absorption  actually  takes  place  in  great  i»art  by  blood-wssels,  are 

li  hardly  demand  discussion  at  the  present  day.      Soluble  principles  which 

i  eared  from  the  alimentary  canal  have  been  repeatedly  Iband  in  the  blood 

cooitfkg  frttm  this  part,  even  when  the  lymphatics  have  been  divided  and  comnjunication 

czbttd  only  throngh  the  blood-vessels.    The  old  tljeoretical  view  which  was  entertained 

1»faf^  the  lymphatics  and  lacteals  were  discovered  was  that  abj*orption  took  place  by 

blood' ve«9els;  but,  aft^r  special  absorbent  vessels  had  been  described^  it  wa**  geucrally 

ffippvHed  tlittt  they  furnished  the  only  avenue  for  the  entrance  of  new  matters  into  the 

ptiotriy,  although  the  doctrine  of  vascular  absorption  was  retained  by  a  few.    It  was 

ilr  siticr  the  conclusive  experiments  of  Magendie,  in  1800,  that  jiuaitivo  proof  was  given 

•'j:  power  of  the  blood-vessels.     These  experiments  settled  tlio  tjuestion  of 

^  1  lion,  although  they  led  some  to  take  too  exclusive  a  view  of  the  impor- 

li:  '10  venous  radicles  in  this  function  and  to  deny  that  absorption  took  place  to  any 

fb  I  IraNlc  extent  through  the  lymphatic  and  the  lacteal  system.     At  the  present  day, 

there  is  nw  difference  of  opinion  among  physiologists  concerning  the  direct  absorption  of 

natritive  matters  by  the  blood-vessels  of  the  alimentary  canal     It  has  been  repeatedly 

ftUown,  indeed,  that,  during  ab*^orption,  the  blood  of  the  portal  vein  ia  rich  in  aibumi- 

aoid^  ftngar,  and  in  other  principles  resulting  from  digestion. 

In  the  mouth  and  (Esophagus,  the  sojourn  of  alimentary  principles  is  so  brief  and 
the  changes  which  they  undergo  so  flight,  that  no  absorption  of  any  moment  can  take 
place.  It »»  evident,  however,  that  the  mucous  membrane  of  the  mouth  is  capable  of 
ftUorbrng  *?ertain  soluble  matters,  from  the  effects  which  are  constantly  observed  when 
llievmoke  or  the  juice  of  tobacco  19  retained  in  the  mouth,  even  for  a  »hort  time.  In 
th*  stomach,  however,  the  absorption  of  certain  materials  tjikes  place  with  great  activity. 
A  Urge  proportion  of  the  ingested  liquids  and  of  those  principles  of  food  which  are  dis- 
irh^nY  by  thw  gastric  juice  and  converted  into  albuminose  ia  taken  op  directly  by  the 
Uood-veiPcU  of  the  stomach.  It  may,  indeed,  be  assumed,  as  a  general  law,  that  di* 
(Wted  matters  are  in  great  part  absorbed  as  soon  as  their  transformations  in  the  alimon- 
^  canal  have  been  completed. 

Ia  lh«  passage  of  the  food  down  the  intestinal  canal,  as  wo  have  already  seen,  there 
'1  rrin*,t.ant  los^  of  material.  As  the  digestion  of  the  albuminoids  ia  completed,  these 
fnncijiles  arc  absorbed,  and  their  passage  into  the  mass  of  blood  is  indicated  chiefly  by 
ta  iocr^^t#«  in  its  proportion  of  albuminoid  constituents.  Many  of  the  other  products  of 
I  4uch  as  glucose  and  fatty  emulsion,  have  also  been  demonstrated  in  rjuantity 
1.1  of  thfi,  portal  vein  during  absorption.  Tha  fats,  though  taken  up  in  greatest 
V^  are  always  found  in  greater  or  leas  quantity  in  the  portal  blood.    It 

^'f    .  observed  that,  after  a  full  meal  consisting  largely  of  fat,  the  blood 

from  thtt  portal  vein,  .is  it  cools  and  coagulates,  leaves  a  white  scum  of  fat  upon  the  sur- 
^  Oft  one  occasion,  we  observed,  in  the  portal  blood  of  an  animal  killed  in  full  diges- 
•Son,  a  layer  of  fat  on  cooling  so  thick  that  a  quantity  of  blood,  which  was  spilled  upon 
i  table  ami  the  fioor,  waa  white,  like  mUk.    liVe  have  since  frequently  attempted  to 
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demonstrate  this  escessivelj  chylous  condition  of  the  blood  dnnng  the  absorption  of  (kl^, 
bat  have  foood  that  it  is  not  generally  so  well  marked. 

The  greatesrt  part  of  the  food  is  absorbed  by  tlie  intestinal  mncous  membrane,  and^ 
with  the  alimentary  enbtstances  proper,  a  large  cjuantity  of  secreted  fluid  is  reabsorbed. 
This  fact  is  imrticularly  striking  a»  regards  the  bile.  The  biliary  salts  disappear  as  th^ 
alimentary  umi^i>  passes  down  tbe  inteatino  and  are  undoubtedly  absorbed,  although  they 
are  m  changed  that  they  cannot  be  detected  in  the  blood  by  the  ordinary  test^.  In  this 
portion  of  the  alimentary  canal,  it  will  be  remembered  that  an  immense  absorbing  snr- 
faee  is  providcnl,  by  the  arraogement  of  the  mucous  membrane  in  folds,  forming  the  \ab 
vnl/e  conniventes,  and  by  ihe  presence  of  the  innumerable  villi  which  are  found  ihrongh* 
out  the  small  intestine.  A  certain  portion  of  the  gaseou^s  contents  of  the  intestines  is  also 
absorbed,  although  it  is  not  easily  ascertained  what  particular  gases  are  tLas  taken  np 
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Abi:>rption  by  Lacteal  and  Lymphatic  Vesseh, 

The  history  of  the  discovery  of  what  is  ordinarily  termed  the  absorbent  system 
vessels,  from  the  vague  allusions  of  Hippocrates,  Galen,  Aristotle,  and  others,  to  the 
scription  of  the  thoracic  duct  in  the  middle  of  the  sixteenth  century,  by  Eustachius,  and 
finally  to  the  discovery  of  the  lacteals  by  Asellius,  in  1*122,  i*^  more  interesting  in  &n  ana- 
tomical than  in  a  physiological  point  of  view.  Our  knowledge  of  the  anatomy  of  th© 
absorbent  system  dates  from  the  discovery  of  the  thoracic  duct ;  but,  from  the  discovery 
of  the  lacteals  by  AbelUus,  dates  the  history  of  tliese  vessels  as  the  carriers  of  nutrilivd 
matters  from  the  intestinal  canal  to  Oie  general  system. 

In  1649,  Pecquet  discovered  the  receptaculum  chyli  and  demonstrated  that  the  lactisda 
did  not  pass  to  the  liver,  but  eniptie«l  the  chyle  into  the  commencement  of  the  thorade 
duct,  by  which  it  was  fnally  conveyed  into  the  venous  system.  In  J650-'51,  tint  ana- 
tomical history  of  the  absorbent  vessels  wa^  completed  by  the  discovery,  by  Rudbecki 
of  vessels  carrying  a  colorless  fluid,  in  the  liver  and  finally  in  almost  all  parts  of  the 
body.  Rudbeck  demonstrated  the  anatomical  identity  of  tlicse  vessels  with  the  lacteals, 
Tliey  were  afterward  carefully  studied  by  IJurthcilinus,  who  gave  them  the  name  of  lym- 
phatics. It  is  unnece^ary  to  follow  out  the  various  researches  made  into  the  structure 
of  the  lymphatics  in  man  and  the  inferior  animals  by  the  Hunters^  Uewson,  MonrOt 
Cruikshank,  sod  other  of  the  older  anatomists  and  physiologists. 

The  old  idea,  which  dates  from  the  diseoTcries  of  Asollius  and  Pecijuot,  tliat  tlio  lao- 
teals  absorb  all  tlic  products  of  digestion,  was  overthrown  by  the  experimenta  of  Magen- 
die  and  of  those  who  experimented  after  liim  ujion  vascular  absorptiun.  It  is  now  known 
that  the  fatty  portions  of  the  tWl,  reduced  to  a  very  fine  emulsion  by  the  pancreatic 
juice,  are  absorbed  by  this  system  of  vessels,  and  that  these  are  tho  only  principles  which 
are  taken  up  in  great  quantity.  The  arguments  which  we  have  already  mentioned  are 
Bufficlent  to  establish  this  fact.  If  the  abdomen  of  a  living  animal  be  opened  during  full 
digestion,  then,  and  then  only,  will  the  lacteals  and  the  thoracic  duct  be  found  dia- 
tended  with  fatty  emulsion.  If  the  organ  which  digests  fat  be  rendered  incapable  of 
performing  its  function,  the  lacteals  c^es^  to  carry  chvle.  These  vessels  do  not  appear 
in  the  mesentery  until  the  foo<l  haa  pasacil  the  orifice  of  the  [lancreatic  duct.  Finally, 
tho  observations  of  Boachardat  and  Sundras  remove  all  doubt  as  to  the  absorption  of  ihts 
products  of  the  digestion  of  fatty  matters  by  the  lacteals ;  for  these  observers  ftjiind  not 
only  that  in  dogs  the  proportion  of  fat  in  tlie  chyle  was  increased  pari  pasttt  with  an  in- 
crease in  the  quantity  of  fat  taken  as  food,  but  thnt  the  particular  kinds  of  fat  adrainiS' 
tered  to  the  animals  could  be  recognized  in  the  chyle.  We  have  seen  that  a  certain  qita&' 
tity  of  fat  escapes  the  lacteals  and  is  absorbed  directly  by  tlie  blood-vessels;  and  it  be- 
comes an  important  quesition  to  determine  whether  the  lacteals,  in  addition  to  their  mora 
prominent  function,  be  not  concerned  in  the  absorption  of  drinks,  the  albuminoids,  saline 
and  saccharine  matters,  etc.  This  question  will  bo  taken  up  after  a  consideration  of 
certain  pointa  in  the  anatomy  of  the  lymphatic  ijstem. 
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I^lM^^^cat  Anatou^  of  ike  LaeUal  and  Lymphatic  System, — One  of  the  most  difli- 

c  [IS  in  aniitoniy  is  to  determine  the  situaticm  and  mode  i>i  origin  of  the  lyiu- 

pn  irftVrt?nt  purls  of  tli«  body.     The  tt^nuity  of  tbo  walls  of  tbese  vessi.'Ia,  even  in 

tbcir  couj^e,  4ind  tlie  presence  of  innumerable  valves,  render  it  impossible  to  study  ihem 

lij  Ui©  ordinary  methods  of  iiyeetion.     Since  it  hm  been  ascertained,  however,  tliut  they 

ongtfijito  in  many  parts  by  a  ricJi^  anastomosing  plexus,  their  anatomy  has  been  well 

toiflc  out  in  certain  situations  by  simply  puncturing:  with  a  fine-pointed  cantdu  tlie  parts 

ifl  irhtch  the  pleius  is  supposed  tu  exist,  and  allowing  a  tluid,  pj^nerally  mercury,  to 

pf  we  itaelf  in  the  vesselii  of  orig^ln.     Following!:  the  course  of  tbe  vessels,  the 

tia  -  into  the  larjjer  trunks  and  tlience  to  the  lympluUic  glands.     The  rejrularity 

of  the  plexus  through  which  the  duid  is  first  diffused  and  the  passage  of  the  injection 

t^ir  Msn^h  the  larger  vesselis  to  the  glands  are  positive  proof  that  the  lymphatics  have  been 

;t<^d  and  that  the  appearances  observed  are  not  Iho  result  of  mere  infiltration. 

o*  th«r  method  of  investigation  above  indicnted,  wo  may  recognize  the  superficial 

vt*^rU  of  tJie  **kin,  deeper  vessels  situated  just  beneath  the  skin,  and  ves^sels  in  the  serous 

-   glandular  organs,  lungi*,  tendons^  etc.,  in  addition  to  the  larger  trunks,  such 

ricic  duct.     The  lacteal  fiystcm  ]>rcseutf*  essentially  the  j?ame  characters  as  the 

iiphatics,  and  the  vessels  are  filled  with  colorless  lyTuph  during  the  intervals 

M.     In  many  sitaations,  the  lymphatics  present  in  their  course  little,  solid 

s^nietnr^  c:dled  lymphatic  glands. 

Tbo  mode  of  origin  of  tlie  finest  vessels,  in  the  lymphatic  radiclcsi,  is  exceedingly  oh- 
^mre,  notwithstanding  the  nnmerons  investigations  which  have  been  made  within  the 
b.«t  few  years,  particularly  by  German  anatomists,  We  shall  firi?t  describe,  however, 
ififi  m<jtU  of  origin  nf  what  may  be  called  the  true  vessels,  in  those  parts  in  which 
^  of  anatoMiicid  study  seem  positive  and  definite,  before  we  discuss  the  va* 
iL*«i  which  have  been  proposed  to  account  for  certain  of  the  phonomena  of 
ib^qftioQ. 

T  rniphatics  have  not  been  acta;illy  injected  and  ilemonstrated  in  all  the  tissues  of  the 

but,  in  some  parts  in  which  it  has  been  thus  far  impossible  to  iiyect  them,  we  are 

*  ^-  d  in  assuming  positively  tbat  they  do  not  exist     For  example^  in  the  intestinal 

ling  to  Sappcy,  these  ve^sel^  have  never  been  seen,  although  their  existence  is 

iin.     The  must  generally  received  view^  with  regard  to  the  ordinary  mode  of 

■  Ivmphatic  vessels  is  that  they  comincnce  by  a  capillary  plexus,  which  does 

'^^  with  either  the  small  arteries,  veins,  or  the  capillary  blood-vessels,  and 

lited  external  to  the  blood-vessels.     It  does  not  appear  that  the  vessels 

this  plexus  vary  much  in  size,    Tliey  are  very  elastic,  and,  after  distention 

r.,  they  return  to  a  y^vj  small  diameter  when  the  fluid  is  allowed  to  escape. 

le,  therefore,  that  the  capacity  of  the  vessels  is  ranch  exaggerated  by  the 

lb  are  taken  to  render  them  apfmrent.     In  the  elaborate  observations  by  Dr. 

'St.  Petersburg,  into  the  origin  of  the  lytnplmtics  of  the  penis,  the  walls  of  the 

s  Icred  apparent  by  the  action  of  nitrate  of  silver  in  sohition  in  pure  water, 

ie  that  they  were  very  little  distended.     The  smallest  of  these  vessels  had 

•  )t  about  yj-^f  of  an  inch.     This  may  be  taken  as  their  average  diameter  in  the 

i  lexus.     This  plexus,  when  the  vessels  are  abundant,  as  they  are  in  certain 

f  the  cutaneous  surface,  resembles  an  ordinary  plexus  of  capillary  blood-vessels, 

*''-f  the  walls  of  the  vessels  are  thinner  and  their  diameter  is  greater. 

illest  lym}>hatic  vessels  arc  by  far  the  most  numerous.     They  are  arranged  in 
:  a  fine  plexus,  very  superficially  situated  in  the  skin.     A  second  plexus  exists 
H^  the  «kin.  composed  of  vessels  of  much  ^eater  diameter.    The  skin  is  thus 
!. et ween  two  plexn&es  of  capillary  lymphatics.     A  plexus  analogous 
ud  plexus  of  the  skin  is  found  just  beneath  the  surface  of  the  mucous 
These  may,  indeed,  he  classed  with  the  superficial  lymjthaticst.     The  deep 
«.wa  are  znnch  larger  and  less  nomerous,  and  their  origin  islesi  easily  made  out* 
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Tbe»e  accorapaDy  the  deeper  veins  in  tbeir  course.    They  recetre  the  lymph  from 
saperBcial  vesseJs* 

No  valvnlur  urrangement  b  found  in  the  smallest  lymphatics;  but  the  Tessek  comu 
from  the  primitive  plexuses,  as  well  as  the  large  vcsst^ls,  couUio  valves  in  Immense  num- 
bers.     These  valves,  being  so  closely  set  in  the  vessels,  give  to  them,  when  filkd  ^ 
iigection,  a  peculiar  and  characteristic  beaded  appearance* 
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The  course  of  the  lymphatics  is  generally  tolerably  direct.    As  they  paas  toward  tlifl 
great  trunks  by  which  they  communicate  with  the  venoas  system,  they  present  a  peculia 
anastomosis  with  the  adjacent  vessels,  called  anastomosis  by  bifurcatioD ;  that  is^  »a  ji  ^ 
vessel  passes  along  with  other  vessels  nearly  parallel  with  it,  it  bifurcates,  and  the  two 
branches  pass  into  the  nearest  vessels  on  either  side.     These  anastomoses  are  quite  fre^y 
quent,  and  they  generally  occur  between  vessels  of  equal  size.     In  their  course,  the  ves* 
sels  pass  through  the  lymphatic  glands,  which  will  be  described  farther  on. 

A  notable  peculiarity  in  the  lymphatic  vessels  is  that  they  vary  very  little  in  Kiie^ 
being  nearly  as  large  at  the  extremities  as  they  are  near  the  trunk.  In  their  course,  thejr| 
are  always  much  smaller  than  the  veins  and  do  Dot  protrressively  enlarge  as  they  pass  oo 
to  the  great  lymphatic  trunks.  The  largest-sized  vessels  as  they  pass  from  the  skin  ar^ 
from  ^y  to  ^  of  an  inch  in  diameter,  and  the  larger  vessels,  in  their  course,  have  a  diameter' 
of  from  t^  to  J  of  an  inch.  As  in  the  case  of  the  smallest  lymphatics  in  the  primitive  plexoa, 
the  elasticity  of  the  walls  of  the  vessels  renders  their  caliber  greatly  dependent  upon  the  J 
pretsore  of  fluid  in  their  interior.    Many  anatomista  have  noticed*that  vessel^  which  i 


I  alp  over  the  bi parietal  suture,  the  soles  of  the  foet  and  the  palms  of  the 

at  tbi!  Iftteral  portioo  of  the  last  phalanges,  and  tlie  scrotura.     In  the 

'>D  of  X\m  scrotnni,  they  attain  their  hijrhest  degree  of  development.     They 

!,  thongh  in  lesa  number,  originating  from  around  the  median  line  on  the 

ind  po^l^rior  Burface  of  the  trunks  the  posterior  median  portion  of  tlie  extremi- 

^^  ,^L  skin  ciTcr  thr»  tnammw^  and  aronnd  the  orifices  of  the  motous  passage*^,    Bappey 

ii»  fa^^Mi«d  IvTuphatie  vesfiela  in  the  anterior  portion  of  the  forearm,  the  thigh,  and  the 

Jfef;  asd  tlie  mlddlf^  portion  of  the  face,  although  they  are  demonstrated  with  difficulty  in 

tftiiae  iitQilkmfl.     If  they  exist  at  all  in  other  portions  of  the  cutaneous  surface,  they  are 

\  and  are  rudimentary, 
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In  the  mucous  system  ttie  lymphatics  are  very  abondant.  Here  are  founds  as  in  tlitt 
^n,  two  distinct  layers  which  enclose  between  them  the  whole  thickness  of  the  mncotts 
membrane.  The  more  superficial  of  these  layers  is  composed  of  a  rich  plexus  of  small 
vessels,  and,  beneath  tiie  mucous  membrane,  is  a  plexus  consisting  of  vessels  of  larger  siie 
and  less  numerous.  The  superficial  plexus  Is  exceedingly  rich  in  the  mixed  structonf 
which  forms  the  lips  and  the  glans  penis,  and  around  the  orificeb  of  the  mouthy  the  nared^ 
the  vagina,  and  the  anus.  There  are  certain  mucous  membranes  in  which  the  lymphatic 
have  never  been  Injected.  In  the  serous  membranes^  the  lymphatics  have  been  demonJ 
strated  in  great  abundance.  Lymphatics  have  been  demonstrated  taking  their  origin 
the  voluntary  musclv?,  the  diaphragm,  the  heart,  and  the  non-striated  muscular  coats  of  I 
the  hollow  viscera,  although  their  investigation  in  these  situations  is  exceedingly  difficulLJ 

Lymphatics  are  found  coming  from  the  lungs  in  immense  numbers*  These  arise  in  j 
the  walls  of  the  air-cells  and  surround  each  pulmonnry  lobule  with  a  clo&e  plexus,  Tli^l 
deep  vessels  follow  the  course  of  the  broncliial  tubes,  passing  through  the  bronchial  gland*  I 
and  the  glands  of  the  bifurcation  of  the  trachea,  to  empty  into  the  thoracic  duct  and  tba  j 
great  lymphatic  dact  of  the  right  side. 

In  the  glandular  system,  including  the  daetless  glands,  and  in  tlie  ovaries^  tlie  lym- 
phatic vessels  are,  as  a  rule,  more  abundant  than  in  any  other  parts  of  the  body*    Th^yJ 
are  especially  numerous  in  the  testicle,  the  ovary,  the  liver^  and  the  kidney. 

In  the  substance  of  the  brain  and  spinal  cord,  Robin  and  His  have  demonstrated  a  I 
curious  system  of  vessels  which  entirely  surround  the  capillary  blood-vcissvls  and  ami 
connected  with  the  lymphatic  trunks  or  reservoirs  described  by  Fobmann  under  the  {ii&.| 
mater.    The  capillary  blood-vessels  thus  float  in  a  fluid  contained  in  these  rv 
sheaths,  which  exceed  them  in  diameter  by  from  y^  to  ^  J^  of  an  inch,    The^c 
vessels  follow  the  blood-vessels  in  their  ramifications,  and  contain  a  clear  fluid,  with  bo^iicaj 
resembling  the  lymph-corpuscles.    When  Eobin  first  described  these  vessels  minutely,  hi 
did  not  st.ate  definitely  their  physiological  relations;  but  he  has  since  published  a  memoir 
in  which  he  describes  them  as  true  lymphatic  vessels,  analogous  to  the  lymphatics  whicli| 
partly  surround  the  small  blood-vessels  in  fishes,  reptiles,  and  batrachians.     In  these  anj* 
mak,  the  lymphatics  in  many  parts  nearly  surround  the  blo«id- vessels,  to  the  walls  of  j 
which  the  edg^es  of  their  proper  coat  are  adherent ;  and  that  portion  of  the  wall  of  tha 
blood-vessel  which  is  thus  enclosed  furms  at  the  same  time  the  wall  af  the  lymphatic*  1 
This  disposition  of  tlje  lymphatics  in  the  brain  jmd  spinal  cord  would  allow  of  free  inter-^ 
change,  by  endosmosis  and  exosmosis,  of  the  liquid  portions  of  the  blood  and  the  lymph. 

The  lymphatic  vessels  from  the  superticial  and  deep  portions  of  the  head  and  fat'c  oa 
the  right  side,  and  those  from  the  superficial  and  deep  portions  of  the  right  arm,  the  right 
half  of  tlie  che^t,  and  the  mammary  gland,  with  a  few  vessels  from  the  lungs,  pft*^^.  into  ^ 
the  great  lymphatic  duct  {ductus  Ijmphaticus  dexter),  which  empties  into  the  ven«»ii* 
system  at  the  junction  of  the  right  ?iubclavian  with  the  internal  jugular.  This  vc&nd 
about  an  inch  in  lenglli  and  from  one-twelfth  to  one-eighth  of  an  inch  m  diameter-  It 
provided  with  a  pair  of  semilunar  valves  at  its  opening  into  the  veins,  which  eflectuoJIj 
prevent  the  ingress  of  blood. 

The  vessels  from  the  interior  extremities,  and  those  from  tlie  lower  portions  of  ihi 
trunk,  the  pelvic  viscera,  and  the  abdominal  organs,  generally  pass  into  the  thoracic  duct 
In  their  coarse,  all  of  the  lymphatics  pass  through  the  small,  flattened,  oval  bodies,  cajle 
the  lymphatic  glands,  which  are  so  abundant  in  the  groin,  the  axilla,  the  pelvis,  and  in  som« 
other  partA.  From  two  to  six  vessels,  called  the  vasa  afl^erontia,  enter  these  bodies,  having 
first  broken  up  into  a  number  of  smaller  vessels  just  before  they  pass  in.  They  pass  oa 
by  a  number  of  small  vessels  which  unite  to  form  one,  two,  or  three  trunks,  generally  « 
larger  size  than  the  vasa  at!erentia.  The  vessels  which  thus  emerge  from  the  glands  ar«> 
called  vasa  eflerentia. 

The  lymphatics  of  the  small  intestine,  caUed  lacteals,  pass  £rom  the  intestine  betwe 
the  folds  of  the  mesentery  to  empty,  Bometimes  by  one,  aod  sometimes  by  four  or  fiva' 


rrMluonJ  fr«in  ii  it^juro  la  the  ortirlnitt  wort  of  AiuiUin^,  pnbltj^hed  In  16iy,> 
4,  4,  A,  .i«  X^  ratftrnlcrL'  ur1«rt(^«  artd  v^lns;    B,  K  B,  It,  B,  B,  B.  B,  B,  B,  bictiml«;    C  C.  C,  C,  me»eiiiety :    D.  1>, 
•<>»>i^. ;  R,  pf  Icirir  porUnn  of  thr^  utamach ;  F,  duiMleDum ;  G,  0, 11,  J<jju£iuiti;  H,  11,  H,  U,  U,  U«uifl ;  t,  ftlifiiy 
^ fvii  oQ  tb»  ftiadtui  of  Uie  ftomscb;  K,  portion  oftbo  om«Qiia&i4 

ij_'lv  delicate  walls  and  about  the  size  of  ti  lu^oose-qiiill.     It  com- 

,  more  or  less  raarked^  called  the  receptaculum  chy\u    TU\s  is 

«^u«i  Ui«  tft*cuncl  Imnbar  vertebra.    The  canal  paeses  upward  in  the  mediim 
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lioe  for  tho  inferior  half  of  its  length.      It  then  mclmes  to  the  left  side»  forms  t 

semicircular  corve  eoraething  like  the  arch  of  the  tiorta,  and  eiupties  iit  the  juncliou  of 

the  left  suhclavian  with  the  inter 
jugultir  vein.      It  diminishes  in  &m 
from  the  reeeptaculum  to  its  middle 
portion    and    beeome^    larger  agnin  | 
near  its  tennination.     It  occa&ionallf 
bifurcates   near  the    njiddle  of   ll)« 
thorax,  but  the  branches  become  n>- 
united  a  short  distance  above.     At  J 
its  ojiening  into  the  venons  system,  I 
there  la    generally  a  valvular  fold,] 
but,  according  to  Sappey,  thia  i^  not  [ 
constant.     There  ib  always,  however, 
a  pair   of   semilunar  valves    in   tb(» 
duct,  from  three-quarters  of  an  inch 
to  an  inch  from  its  termination,  which 
eflectually  prevent  the   entrance  of 
blotMl  from  the  venous  system. 

It  ia  probable  that  the  lymphatin 
and  lacteal  vessels  have  no  direct  con* 
neclion  with  the  blood-vessels^,  except  j 
by  the  two  openings  by  which  ihcy 
discharge  their  contents  into  the  ven-  ' 
ous  system.    Tho  foregoing  sketdt  of 
the  descriptive  anatomy  of  what  hatg 
been  called  the  absorbent  system  of| 
vessels  shows  that  they  may  co 
fluids,  not  only  from  the  intestinal  c«*  j 
nal  during  digestion,  but  from  nearly! 
every  tissue  and  organ  in  tho  body,^ 
and  that  these  fluids  are  received  into 
the  venous  circulation. 
Strueture  of  the  Lacteal  and  Lymphatic  Veueh, — The  lymphatic  vessels,  even  thoee 
of  largest  size,  are  remarkable  for  the  delicacy  and  transparency  of  their  walls.     This  ia 
well  illustrated  in  the  case  of  the  lacteala,  which  are  hardly  visible  in  tho  transjMireni 
mesentery,  unless  they  be  filled  with  oi>aqao  chyle. 

From  tlie  difficulty  in  studying  the  lymphatics  at  their  origin^  except  by  means  of  j 
injections  or  by  reagents  which  stain  the  vessels,  investigations  into  the  structure  of  tha 
smallest  vessels  have  been  very  few  and  are  not  very  satisfactoiT.  It  is  supposed,  hovr* 
ever,  that  the  vessels  here  consist  of  a  single  amorphous  coat,  resembling,  in  this  regard^  ' 
tho  capillary  blood-vessels,  Br.  Belaieff  doscribes,  in  the  capillary  lymphatics  of  the  j 
penis,  a  lining  o/  epithelial  cells  arranged  in  a  single  layer.  These  cells  are  ovah  polygo-j 
nal,  fiifiiforra  or  dentated,  with  their  long  diameter  io  the  direction  of  the  axis  of  tho  j 
vessels. 

In  all  but  the  capillary  lymphatics,  although  the  walls  are  excessively  tliin,  tliree  dia* ' 
tinct  coats  can  be  distinguished.  The  internal  coat  consists  of  an  elastic  membrane  lioc4 
with  oblong  epithelial  cells.  This  coat  readily  gives  way  when  the  vessels  are  forcibly 
distended.  The  middle  coat  is  composed  of  longitudinal  fibres  nf  the  white  fibrous  tissaa, 
with  delicate  elastic  fibres  and  uu>itriped  muscular  fibres  arranged  transversely.  The 
external  coat  is  composed  of  the  same  structures  as  the  middle  coat  j  but  the  fibres  are 
arranged,  for  the  most  part,  longitudinally.  In  this  coat,  tho  muscular  fibres  do  not  form 
a  oontinuous  sheet,  but  are  collected  into  separate  fasciculi,  which  have  a  direction  either  i 


'-^ 


Fio.  Bd.—7%orfici4!  duet,    i^aacngnl} 
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tuofitiidiiuiJ  or  ob1ic|iie.  The  tibres  of  coimcctlve  tissue  are  very  abundant  and  loosely 
cmit«  tW  vr^tieb  tu  tbo  liarroit tiding  parts.  Tho  interoaJ  and  the  Diiddle  coal  art^  closely 
Mihervfti  to  each  otiier ;  but  tho  external  coat  may  readily  be  st'fmrated  from  tho  others. 
iibxl-i cs^cls  have  boea  found  in  tlie  wuUs  of  the  lymphatics^  hut»  as  yet,  the  presence 
ikf  nerves  ha*  not  been  deniouBtrated, 

The  walU  of  tiie  !ymph:itic  vessels  are  very  t^loaely  adherent  to  the  anrronndlng  tis- 
iBcii;  *o  L'lotjely.  indeed^  that  even  a  small  portion  of  a  vessel  m  detached  vvtth  great  dif- 
Mt>«  and  the  vcssola,  eren  those  of  large  st^e,  cannot  be  followed  out  and  isolated  for 
i&T  oon«idcni))le  distance. 

lo  iill  the  lynipbatic  vessels,  beginning  a  short  distance  from  their 

|4rnwi  of  origin*  arvi  found  numerous  semilunar  valves,  generally  ar- 

fiaifcd  in  pairs,  with  their  coDcavities  looking  toward  tho  larger  trunks. 

IV^  foUls  are  formed  of  the  inner  two  coats ;  hut  tiie  fold  formed  of 

ag  membnine  is  by  far  the  wider,  so  that  the  free  edges  of  the 

in<*  considerably  tLLnner  than  that  portion  which  is  attached  di- 

r  t  the  vessel.     In  some  of  the  vessels,  at  the  point  where  one  lym- 

ummunicateis  with  another,  there  is  a  valve  formed  of  two  folda, 

'^  liteh  ifl  much  wider  than  the  other;  hut^  in  the  valves  situated  in 

-      f  the  vesselis  the  curtains  are  of  about  et^aal  size.    Tlie  valvct 

iierous  in  all  of  the  lymphatics,  but  they  are  most  abundant 

upcrficial  veasiels.     The  distance  between  the  valves  is  from  one- 

tu  une-eighth  of  an  inch,  near  the  origin  of  tho  vcsiicls,  and  from 

ifter  to  one-third  of  an  inch,  in  their  course.     In  the  lymphatics 

,.^.^4  between  th«  muscles,  the  valves  are  less  numerous.     They  are 

tlwijn  relatlvdy  few  in  the  vessels  of  tho  bead  and  neck  and  in  all  that 

direction  from  above  downward.     Although  there  are  a  nmnber 

%  in  ihr  iburacic  duct,  they  are  not  so  numerous  here  as  in  the 

-Is. 

:Luatomy  and  general  properties,  the  lymphatics  bear  a  close 
rto  tho  veins.  Although  much  tliinner  and  more  transparent, 
rimvc  nearly  the  same  arrangement.  The  arrangement  of 
Tftlrej  is  entirely  the  same ;  and,  in  both  systems^  the  folds  prevent  the  Fio.  ^^—^^I^IJ^ 
ntux  of  flnids  when  the  vessels  are  subjected  to  pressure.  A  number  (ftlppy^ 
ef  Afreet  (which  will  bo  considered  hereafter)  combine  to  produce  the 
tlt>w  ef  f  d  chyle  in  the  absorbent  system.     Among  these  is  int-ennittent  pressure 

frm  bQ  parts,  which  could  only  operate  favorably  in  vessels  provided  with  nu- 

oerotis  vftlvoii. 

We  have  already  referred  to  the  great  elasticity  of  the  lymphatics.  It  is  now  pretty 
feoftmny  admitted  that  the  larger  ves^ls  and  those  of  medium  si^e  are  endowed  also 
▼fill  NuntrOiCtillty,  although  the  action  of  their  muscular  fibres,  like  that  of  all  fibres  of 
thsiiivoliiiitajry  or  non-*itriated  variety,  is  slow  and  gradual.  Todd  and  Bowman  have 
dfn»onJinit«il  this  properly  by  mechanically  irritating  the  thoracic  duct  in  an  animal  re- 
cmilf  killed,  but  tliey  observed  that  the  contraction  w.is  very  slow.  Milne-Ed  wards, 
r  .'  fram  a  manuteript  presented  by  Colin  to  the  Academy  of  Sciences,  in  1858^  states 

i  ^  11^  observer  noted  alt^^rnate  tilling  and  emptying  of  s<jroe  of  the  lacteal  vessels  in 
L^li  mttcntery  uf  the  nx ;  portions  of  the  vessels  becoming  alternately  enlarged  in  the 
Bfcin  of  pouchc8,  and  contracted  so  that  thev  almost  disappeared.  There  can  be  no 
I  d^iabt  that  the  lymphatic  \cssel8  possess  a  certain  degree  of  contractility,  which  is  fully 
I    in  nukrked^  perhaps*  as  in  the  venous  system. 

I  One  of  the  most  important  points  in  connection  with  the  physiological  anatomy  of 
I  "  one,  indeed,  upon  which  rest  our  ideas  of  the  mechanism  of 

,  is  the  question  of  the  existence  of  orifices  in  their  walls,  uhich 
Ipitif  aiiow  Uic  paa^oge  vi  solid  particles  or  emulsions.     The  most  recent  observations 
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have  indicated  the  probable  existence  of  Btom&tjif  of  vamble  size  and  irregular  ^liape,  m  I 
the  smallest  vessels;  but  it  must  be  acknowledged  that  one  ot  the  strongest  arguineiits I 
in  favor  of  tbe  existence  of  these  orL^ces  is,  not  their  anatomical  demonstration,  but  tb^J 
fact  of  the  actual  passa^,  through  the  walls  of  the  vessels,  of  fatty  particles,  the  iai-| 
trance  of  which  cannot  be  explained  by  the  weU-known  taws  of  endosmosia.    The  luui^ 


"T 


yp. 


•rv^^ 


Fig,  n^—lffffijihativ  j4trii4.  shawkig  the  §pi1htUai  Untng  if  flU  %4mfi$.    (BelaleC) 


tomical  evidence  of  the  existence  of  openings  is  derived  inAinly  f^om  preparations  staine 
with  nitrate  of  silver.     It  is  assumed  that  nitrate  of  silver  stains  the  solid  parta  of  lia-^ 
sues  and  the  borders  of  the  epitheliul  cells,  and  that  areas  which  do  n*it  present  aliyj 
staining  are  necessarily  open,     If  thi^  be  true,  and  this  view  is  now  very  generally  i 
cepted,  we  may  consider  the  existenee  of  openings  in  the  lymphatic  vessels  as  denioci^ 
strated.     In  preparations  of  the  tyniphaties,  the  solution  of  silver  is  seen  staining  tb«1 
ti^i'STiea  and  the  borders  of  the  ejnthelial  cells  lining  the  vessels;  but  there  are  areas  b4*-] 
tween  these  celln  where  no  staining  is  observed  and  in  which  no  nuclei  are  brought  on] 
bj  ataiiilnc:  with  earmine.     It  is  not  impossible^  however,  that  the  solutions  used 
fail  to  attack  all  parts  of  the  tissue,  and  that  these  colorless  areas  may  be  cto«ed  by  ai 
amorphous  membrane. 

With  regard  to  the  origin  of  the  lymphatics  in  the  tiasnea,  it  does  not  seem  that  our 
actual  knowledge  extends  beyond  the  small  veaaeK  such  as  are  olj«erved  in  the  superff^l 
cial  net-work  of  the  skin.  Within  the  last  few  yeare^  Reeklingbansen  and  others  baval 
nsaumed  the  existence,  in  the  connective  tissue  (which  is  so  widely  distributed  in  th#| 
organism),  of  minute  tubes  or  canalieuli^  which  open  into  the  lymphatic  vessels,  and  that] 
these  arc  the  true  vessels  of  origin  of  a  great  part  of  the  lymphatic  system.  These  lit- 1 
tie  vessels  are  called  serous  canalicnli.  This  view,  however,  is  not  sustained  by  jKisilivej 
demonstration  and  must  be  regarded  as  purely  hypothetical;  and  the  same  tnay  be  paid] 
of  the  opinion  advjmced  by  some  that  the  Ijinidjntics  originate  in  lacume  or  spui'es  in  the] 
connective  tissue  or  in  a  system  of  canals  formed  by  eonneclive-tissue  corpuscles  and ' 
fibres,  Suppey  asserts  very  emphatically  that  not  one  lymphatic  vessel  has  ever  been] 
demonstrated  as  arising  from  the  substance  of  connective  tissue ;  and  a  careful  study  of  j 
recent  observations  in  Germany  shows  this  to  be  the  fact. 

Lprnphatir  GhmtU.—ln  tbe  course  of  the  lymphatic  vessels,  are  found  namerons  smalt' 
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itk«kr  fwdii«>,  railed  lymphatic  glands.     The  number  of  these  glimds  is  very  great,  q1- 

tWo*:  !  with  flifficQlty,  from  the  fact  that  matijr  of  th^m  are  very  small  and 

8  coy     ^  le  to  C9ca[>e  ubser- 

doo.    It  may  be  Btated  as  an  approii* 

iticm  thai  there  arc  frnm  six  hundred 

[iieven  hundred  lymphatic  glands  in 

I  are  also 

t  health. 

iieti  and  len- 

a  hoan^  and 

uali  as  a  small  pea  o(r  oven 

.4d*     They  are  arranged  in 

ir*i  $t^  I  isne  suptTticial^  correspond- 

r  with  thi'  snperfioial  lymphatic  ves- 

^f-^  iUJil  a  deep  set,  correj* ponding  with 

Tht?  wup<*rfioial  glands 

'Hiii  in  the  fohk  at  the 

irm-f  oi  tho  groat  joints  and  about 

at  vti-^seb  of  tlic  head  and  neck. 

ated  glands  are  most  numer- 

od  the  Tcsi^els  coming  from  the 

if  ghmdular  vincera.     A  distinct  set 

r  glands  is  found  connected  with 

aphatic    res^^els    between    the 

the   mestntery.      These  are 

las  the  mesinteric  ghmda.     All 

f  llie  lymphatic  ves^t  Is  pa.-fi  through 

before  they  arrive  at  the  great 

trunks  and  moat  of  theui 

lifongh  several  glands  in  their 


\" 


,  upper  eztr  i    tite 

Intfc'niAl  jL, .  :     r  Into 

phadc  ^landa  tue  fti^D  Iti  thu  eourw  of  tbo  vuastila. 


is  some  difference  of  opinion 

\  anatomists  concerning  the  inti- 

it*  Gtmciure  of  the  lymphatic  glands.     Some  regard  them  as  composed  simply  of  a 

of  lymphatic  vesyeK  held  together  by  a  delicate  stroma  of  fibrons  tissue ;  while 

othen  deny  that  there  is  any  direct  commnnication  between  the  afferent  and  the  efferent 

^ft8TOming  that  the  ve^els  which  penetrate  the  glands  break  up  into  &mull  branches 

pi^n  into  a  parenchyma  filled  with  closed  follicles^  and  that  the  fluids  are  collected 

\T}  Uy  a  second  set  of  capillaries  connected  with  the  efferent  kmphatics. 

'il  Utter  view,  the  mesenteric  glands  are  little  more  than  collections  of 

IbOklea  like  the  solitary  glands  of  the  inte«tiqes»  ijeld  together, by  a  delicate   fibrous 

<Creetare.     This  difference  of  opinion  seems  to  be  due  to  the  different  methods  which 

klT^  be«ii  employed  in  studying  the  structure  of  the  glands.     Taking,  for  example^  the 

rtrals*  arriTed  at  by  two  prominent  investigators^  Sappey^  who  has  studied  these  organa 

▼ith  graal  success  by  injections,  seems  to  have  clearly  demonstrated  a  lymphatic  plexna 

h  tli^rr  *       while  K6lliker,  whose  investigations  have  been  confined  chiefly  to  ex- 

mluti  .:  organs  in  a  recent  state,  has  not  been  able  to  follow  out  the  lymphatic 

fCBivIm  biii  hiu*  acciirateiy  described  the  contents  of  the  alveoli^  or  what  are  regarded  by 

oditffi  as  dosed  follicles.     In  attempting  to  represent  what  has  been  actually  demon- 

iirwleid  concerning  the  structure  of  these  bodies,  we  shall  first  take  up  the  appearances 

wlikli  ore  observed  in  the  fresh  strnctures,  and  afterword,  those  points  which  have  been 

<l«Rioiistrtted  by  miDute  injections. 

The  perfect,  hudtby  glonda  ore  of  a  graytsb-white  or  reddish  color,  of  about  the  con- 
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flistence  of  tho  liver,  presenting  a  iiiJum  where  tlie  larger  blood-yeaseb  dtiler  and 
efferent  vessels  emerge,  and  t'overed^  except  nt  the  hilam,  with  rather  a  delicate  mem 
brane,  composed  of  inelastic,  with  a  few  elastic  fibres.  Their  exterior  is  soiDewlmt  tQ 
borculated,  fmm  the  projections  of  the  folUoles  jast  beneath  the  investing  membrane. 
The  interior  of  the  glands  is  soft  and  puljiy.  It  presents  a  coarsely-granular  cartje«l 
Hubt^tance,  of  a  reddish-white  or  gray  color,  which  is  from  one-sixth  to  one-fourth  of  an 
inch  in  thickness  in  the  largest  glands.  The  medullary  portion,  which  comes  to  the  sur- 
face at  the  hiliim,  is  lighter  colored  and  coarser  than  the  cortical  substance.  Through 
out  the  gland,  are  found  delicate  fasciculi  of  fibrous  tissue  connected  with  the  invetrtini 
membrane,  which  serve  as  a  fibrous  skeleton  for  tlie  gland  and  divide  its  substance  int4> 
little  alveoli.  The  structure  is  far  more  delicate  in  the  cortical  than  in  the  mednllarjr 
portion. 

Within  the  alveoli,  are  irregularly-oval^  closed  follicles,  about  j^  of  an  inch  in  di- 
ameter, filled  with  a  fluid  and  with  cells  like  those  contained  ia  the  solitary  glands  of  the 
intestines  and  the  patches  of  Peyer.  These  follicles  do  not  seem  to  occupy  the  mcxltil- 
lary  portion  of  the  glands^,  which,  according  to  Kollikerj  is  composed  chiefly  of  a  net- 
work of  lymphatic  capillaries,  mixed  with  rather  coarse  bands  of  fibrous  tissue.  Tim 
follicular  structures  ia  the  lymphatic  glands  resemble  the  closed  follicles  in  the  raucous 
membrane  of  the  intestinal  canal  and  the  Malpighian  bodies  of  the  spleen. 

The  elaborate  researches  of  Sappey  leave  scarcely  any  doubt  as  to  the  course  and  ar- 
rangemeut  of  the  lymphatic  vessels  in  the  interior  of  the  lymphatic  glands,  although  this 
view  advanced  by  him  that  these  bodies  consist  mainly  of  lymphatics  with  a  Uttle 
fibrous  tissue  cannot  be  eustained.  By  pricking  a  perfectly  healthy  gland  with  the  deli- 
cate point  of  his  apparatus  for  injecting  the  lymphatics,  he  has  seen  the  mercury  succes- 
sively fill  the  ditTercnt  capillary  vessels  and  pass  into  the  vasa  elferentia.  Sappey  doei 
not  appear,  however,  to  have  caused  the  injection  to  pass  from  tlie  afferent  to  the  efler-l 
ent  vessels,  entirely  through  this  plexus ;  and,  while  the  fact  of  the  continuity  of  thc^so 
vessels  through  a  capillary  plexus  is  extremely  probable,  it  has  not,  as  yet,  been  fiosS 
tively  proven. 

As  far  as  has  been  ascertained,  the  following  is  the  course  of  the  lymphatic  v««sela> 
through  the  glands:  From  two  to  sis  vasa  affcrentia  approach  the  gland,  and,  when., 
within  about  a  quarter  of  an  inch  of  it,  they  break  up  into  numerous  small  branches  whicli 
penetrate  its  investing  membrane.     In  the  substance  of  the  gland,  these  vessels  are  dis- 
tributed in  the  capiUary  plexus  just  described  and  emerge  by  the  vasa  efferentia,  whic 
are  always  larger  than  the  afferent  vessels  and  are  from  one  to  three  in  number.     1 
attempting  to  pass  injections  entirely  through  the  glands,  the  t3uid  has  frequently  bee 
observed  to  pass  into  the  small  veins ;  so  that  some  anatomists  have  assumed  that  thcr* 
is  a  connection  in  tlft?  substance  of  the  glands  between  the  lymphatics  and  the  blood 
vessels.     It  is  altogether  probable  that  the  passage  of  tiuids  into  the  veins  under  thes^ 
oircnmstanees  is  due  to  rupture  of  the  vessels ;  and,  at  aD  events,  the  direct  connectiott 
between  them  and  the  lymphatics  has  never  been  satisfactorily  demon Btrated. 

The  l>^nphatic  gland?*  arc  supplied  with  blood  by  sometimes  one,  but  generally  by  sev 
eral  small  arteries,  which  penetrate  at  the  hilum.    These  vessels  pass  directly  to  the  medul- 
lary portion  and  there  break  up  into  several  coarse  branches,  to  be  distributed  to  the 
cortical  substance,  where  they  ramify  in  an  exceedingly  delicate  capillary  net-work,  witb 
rather  wide  meshes,  in  the  closed  follicles  found  in  this  portion  of  the  gland.     This  capil 
lary  plexus  also  receives  branches  from  small  arterial  twigs  which  penetrate  the  ca 
of  the  gland  at  different  points.     Returning  on  themselves  in  loops,  the  vessels  unite 
form  one  or  more  largo  veins,  which  generally  emerge  at  the  hilum. 

Very  little  is  known  regarding  the  distribution  of  nerves  in  the  lymphatic  glands. 
A  few  filaments  from  the  sympathetic  system  enter  with  the  arteries  but  they  have? 
never  been  traced  to  their  final  distribution.  The  entrance  of  filaments  from  the  cerebi 
spinal  system  has  never  been  demonstrated. 
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li  h  endeni,  from  tho  structure  of  the  lyuiphatic  glnndj*,  that  they  must  mftteriiilly 
mad  the  pasfiage  of  the  Ijmph  toward  the  groat  trunks;  and  it  ia  well  known  in 
pilbolrt(2T  I  bat  morbid  matters  taken 
up  by  the  nbsorbeutB  aro  frequently 
trrtfted  and  retained  in  the  nearest 

Th^  Ametbii  of  tlic  Jjrmphatic 

iiod?  b  r^iy  obscure*     By  some 

tk)  nfe  mtp|tu^d  to  have  an*  iin- 

porttnt  ciflice  in  the  elaboration  of 

dtp  coqiuficnUiir    eleujeuls    of    the 

1     nl     li.Io:  and  it  has  been 

'    .   :  ^  .;    :  iio  Ijtnph  contained 

iii%«iel9iihich  have  pushed  through 

ID  ^lanib  is  rehitively  poor  in  cor- 

inudio,  whUe  the  large  trunks  and 

llie  dK»rcnt  ressels  contain  tlieiii  in 

ivfif  numbers.     This  single  fact  ia 

uutefiaite   enough,    as    regards    the 

iB^MJe  iif  formation  of  the  Jyjiiph- 

tcs,  but  it  repre!*ents  about 

10  actually  known  concorn- 

tb6  fanction  of  the  lymphatic 

Ifi  endeavoring  to  estiinate  the 
«Aaf«  which  the  lacteals  unil  Jym- 
fluties  have  in  the  function  of  ab- 

ptioft,  it  becomes  an  important  que!*tion  to  determine  what  principles  these  vessels 
rmpable  of  taking  up,  beside  the  fatty  elements  of  the  food,  and  how  far,  if  at  all, 
HufT  ouist  the  blood- vessel s4  in  the  absorption  of  the  general  products  of  digestion. 


Fig,  9S.—Dif«r€n.t  rarieii^  qf  iffrnphatSe  gUtftd*.     (Sappcy.) 


AUorpiion  0/  Albuminoids  by  the  LaeteaU. — Comparative  analyses  of  the  lymph  and 

...   .1..  „.  ^  HhoMT  in  the  latter  fluid  an  excess  of  albuminoid  matters.     As  we  may  rea- 

'  >se  that^  during  the  intervals  of  digestion,  the  lacteals  carry  ordinary  lymph — 

I  me,  tbe«e  vessels  are  tilled  with  a  calorles.s,  transparent  iluid,  having  the  geu- 

■  \  characters  of  lymph — it  is  natural  to  infer  that  the  excess  of  nitrogeriized 

iiMiUcr»  in  tho  white  chyle  is  due  to  absorption  of  albuminoids  from  the  intestinal  canal. 

Mr,  I-ane  collected  the  cliyle  from  the  lacteals  of  a  donkey,  seven  and  a  half  hours  after 

» f'lll  moal  of  oats  and  beans,  and  compared  its  composition  with  that  of  the  lymph.     The 

'p.ii.,..,  were  made  by  I^r.  Recs,  who  found  that  the  chyle  contained  about  three  timen 

t  albumen  and  fibrin  as  the  lymph.     While  by  far  the  greater  part  of  the  products 

:   :s  of  the  ftlbaminoids  is  absorbed  by  the  blood-vessels,  there  can  be  no  doubt 

portion  i§  also  taken  up  by  the  lacteal^. 


Atun>fjttiim  ^  Olaeotie  and  Salts  hy  the  Laetsah, — What  has  just  been  stated  regard- 
lOt  thu  absorption  of  albuminoids  applies  with  equal  force  to  soccharinw  matters  and 
Cli»  liior^iiici  ialta.  Small  quantities  of  su^^ar  and  sometimes  lactic  acid  have  been 
ilrieetcd  in  the  chyje  from  the  thoracic  duct  in  tho  herbivora ;  and  the  presence  of  sugar 
i*  both  this  lymph  and  the  chyle  has  been  accurately  determined  bj  Colin. 

It  in  trtie  that  the  products  of  tho  digestion  of  saccharine  and  amylaceona  matters  are 
mainly  by  the  blood -vessel  a,  but  a  small  fpiantity  is  also  absorbed  by  the  lac- 
the  comparative  analyses  of  the  chyle  and  lymph  by  Dr.  Rees,  the  proportion 
die  €till*  was  found  to  !>e  considerably  greater  in  the  chyle.    The  great  exeeaa 
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in  tlie  quantity  of  blood  coming  from  the  iDtestiQe  and  the  rapidity  of  ita  cireolAftioii,  j 
compared  with  the  chyle,  wiJl  explain  the  more  rapid  penetration  by  ondosmosis  of  Uia| 
aolnble  products  of  digestion. 


Ahso^rption  of  Watrr  hy  the  LaHeah.^Th^re  can  be  no  doubt  that  a  small  |X>rti«»n  of  J 
the  liquids  taken  as  drink  finds  its  way  into  the  circulation  by  the  laoteals,  although  th«| 
greatest  part  passes  directly  into  the  blood-vessels.  This  has  been  proven  by  experi-I 
rnent^  of  a  most  poative  character.  Lcuret  and  Lassaigne  state  that,  when  an  animal  ial 
fed  with  an  aliment  which  is  very  mibstantial  and  h  killed  during  digestion,  the  tboracio| 
duet  contains  a  very  small  quantity  of  chyle ;  but,  when  the  anin^al  has  taken  liquids  wit 
the  food,  the  thoracic  duct  and  the  lacteak  are  very  much  distended.  In  an  experimentl 
by  Ernest  Burdach,  a  dog  w*aa  deprived  of  food  and  drink  for  twenty-four  hours,  after  J 
which  he  was  allowed  to  drink  water,  and,  in  addition,  half  a  pound  was  injected  into } 
the  stomach.  The  animal  was  killed  a  half  an  hour  after,  and  the  thoracic  duct  w«*j 
found  engorged  with  watery  lymph,  which  contained  a  very  small  number  of  lymph-cor- 
pus4^1es. 

In  didcussing  the  question  of  absorption  by  the  blood-vessels  of  the  intestinal  canal, 
w^e  alluded  to  experiments  which  showed  that  various  poisonous  substances  introduced^ 
into  the  intestines  produced  their  characteristic  effects  upon  the  system  with  gresli 
rapidity  when  the  veins  leading  from  the  part. were  intact,  while  no  mich  effectA  foUow«d| 
when  the  only  avenue  to  the  general  system  was  through  thelacteaL*.     Without  a^aioi 
discussing  these  observations  in  detail,  it  may  be  stat^l,  as  the  general  results  of  eipcri- 
Tuents  on  this  subject^  that  fevv^  if  any^  of  the  active  poisons  were  foumJ  to  be  absorbed 
from  the  alimentary  canal,  except  by  blood-veasels ;  and,  when  soluble  coloring  maltera^^ 
or  salts  which  coold  be  easily  recognized,  were  found  in  the  laeteals  or  the  thoracic  duel 
after  they  had  been  introduced  into  the  intestine,  they  penetrated  in  small  quantity  and 
very  slowly ;  while  it  has  been  rej^eatedly  found  that  the  same  eubstances  were  taken  d|| 
by  the  veins  with  great  rapidity  and  excreted,  in  many  instances,  by  the  urine. 

Absorption  from  Parit  not  connected  with  the  Dlgtfithe  Syitem. — Aside  from  tho 
entrance  of  gases  into  the  blood  from  the  pulmonary  surface,  physiological  absorption  ii 
almost  entirely  confined  to  the  mucous  membrane  of  the  alimentary  canal.     It  is  truel 
that  liquids  may  find  their  way  into  the  circulation  through  the  skin,  the  lining  luern* 
brane  of  the  air-paaaages.  the  reservoir^  ducts,  and  parenchyma  of  glands,  the  serous  and] 
other  closed  caviti^,  the  areolar  tissue,  the  conjunctiva,  the  muscular  tissue,  and,  in  i 
fact,  all  parts  which  are  supplied  with  blood-vessels;  but  here  the  ab8c)rption  of  foreigai 
matters  is  an  occasional  or  an  accidental  circumstance  and  ts  not  conn ecleil  with  the  I 
general  process  of  nutrition.     It  is  now  well  known  that  all  parts  of  the  l>ody,  except^ 
ilje  epidermis  and  its  appendages,  the  cpithermm,  nnd  some  other  structures  which  are 
regularly  desquamated,  are  constantly  undergoing  cliange^  and  the  effete  matters  which  i 
result  from  their  decay  are  taken  up  by  what  is  called  interstitial  absoqilion  and  are  car' 
ried  by  the  blood  to  the  proper  organs,  to  be  excreted.     It  seems  probable  that  the  ve 
sels  of  these  parts  would  also  be  capable  of  taking  up  aoluble  foreign  substances  when 
presented  to  them ;  and  this  is,  indeed,  the  fact  with  regard  to  nil  parta  in  which  th« 
imtritive  processes  are  even  iiiuderately  active,  or  where  the  structures  covering  the  va 
cular  parta  are  permeable, 

Ahiof^thn  from  the.  Shin. — It  is  now  generally  admitted  that  absorption  can  tak« 
place  from  the  generid  surface,  although,  at  one  time,  this  was  a  question  much  discussed 
i>y  physiologists  and  practical  physicians.  The  proofs,  how^ever,  of  the  entrance  of  cer-j 
tain  medicinal  preparations  from  the  surface  of  the  body  are  now  entirely  conclusive ; ' 
and  the  constitutional  effects  of  medicines  administered  in  this  way  are  frequently  as 
marked  as  when  they  are  taken  into  the  alimentary  canah     But  the  question  wluch  is 
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to  us  iiB  physiologists  concerns  tlie  noraial  functions  of  tlie  skin  ha  an 

iutf  sartace.     Looking  ut  this  sohject  from  a  pureljr  physiological  point  of  vic^vir, 

.ii-jiptitm  from  the  ekin^  iiiKler  ordinary  conditions,  must  be  very  slight,  if^  indeed^  it  lake 

|Jit<f  tt  all.     There  are  a  few  oh»ervations  by  tho  older  physiologists  which  would  at 

Snt  seem  U^  show  that  a  certain  ainonnt  of  water  is  taken  up  by  the  skin  when  the 

i!!fK>!»i»hf-re  is  nnnsually  moist.    In  all  of  these,  however,  this  conclusion  is  drawn  from  the 

^^  that  the  weight  is  occasjionally  somewhat  increased  under  these  conditions; 

lint  U  taken  of  the  fact,  that,  when  the  surrounding  atmosphere  is  moist,  ihv 

-^   r'-t    rxhaJntioDs  is  greatly  decreased.     The  lungs,  also,  present  an  itnmenae 

,g  ouriiice,  which  is  not  at  all  considered.    Experiments  on  this  point  are  not  suiii- 

efinite  to  warrant  any  positive  conclnsions ;  hut  it  is  evident  that,  if  any  articlog 

thb  war,  the  quantity  must  be  excessiv^ely  minute, 

iixperimeuts  upon  the  entrance  of  water  iind  soluble  substances  through  tlic  skin, 

II?  body  ha?^  l>een  immersed  for  a  long  time  in  a  bath,  are  somewhat  contradictory* 

nmenttTs  have  noted  an  increase  in  the  weight,  which  they  attrihute  to  ahs<.>rp- 

of  water,  but  others  profess  to  have  observed  a  slight  diminution  in  the  weight  of  the 

ly.    In  some  experiments  on  this  subject,  by  Madden,  in  which  all  necessary  precau- 

wer^  adopteil,  the  air  being  respired  through  a  tube  passed  out  of  the  window  of  the 

,so  that  no  unusual  absorption  of  moisture  could  tyke  place  by  the  lungs,  the  results 

rerr  couelusive.     In  experiments  of  this  kind,  there  are  many  modifying  intlueneea 

^    1  agrtiuiit.     For  example,  it  has  been  foiinil  to  he  imjjortant  to  regulate  care- 

iipcraturo  of  the  bath ;  for,  when  it  exceeds  that  of  the  body,  there  may  h*}  a 

ui'  Weight  by  cutaneous  transpiration.     It  is  stated  by  Longet  that,  when  the  tera- 

onj  fif  the  water  is  lower  than  that  of  the  body,  there  is  a  gain  in  weight ;  but  that 

rutaneons  exhalation  and  absorption  are  balanced  when  the  temperature  of  the  bath 

the  Urtly  are  the  same.    There  is  another  sonrco  of  complication  in  these  ohHcrva- 

wliioh  has  been  brought  forward  very  strongly  by  a  French  writer,  51.  Delore. 

i*  observer  has  carefully  noted  the  in*Tease  in  weight  of  the  hair,  nails,  and  epidermis^ 

immersion  for  half  an  hour  in  distilled  water,  and  has  always  found  it  to  be  rery 

»ble.     He  assumes  that  this  is  more  than  sufficient  to  account  Ibr  the  increase  in 

ht  of  the  entire  body  after  immersion  in  water  for  half  an  hour,  which  amounts 

aboQt  tteven  hundred  grains. 

Tbt'fe  are,  nevertheless,  facts  which  render  it  certain  that  water  can  be  absorbed  by 
iUa.  In  an  elaborate  series  of  experiments  by  OoDard  de  Martigny,  it  was  proven 
ely  that  water  could  he  absorbed  in  small  quantity  by  the  skin  of  the  palm  of 
In  one  experiment,  a  small  bcll-irhiss  filled  with  water  was  applied  hcrmoti- 
lo  the  palm.  This  was  connected  with  a  tube  bent  in  the  form  of  a  siphoii,  also 
iSki  with  watfir^  tlie  long  Firanch  of  which  was  placed  in  a  vessel  of  mercury.  After 
fkt  aiiparatus  had  been  applied  for  an  hour  and  three-*] uarters,  the  mercury  was  found 
mtMy  olcvatcd  in  the  tube^  showing  that  a  certain  quantity  of  the  water  had  disap- 
^eirod.  More  recently,  n  vciy  extended  series  of  observations  upon  the  absorption  of 
wttcr  and  »oluble  pubfltances  has  been  made  by  Dr.  Willemin,  in  which  it  is  conclusively 
pTotuo  that  water  is  absorbed  in  a  bath,  and  that  various  medicinal  substances  may  be 
n  op  by  the  skin  in  this  way  and  can  be  detected  afterward  in  the  urine.  In  a  large 
k-r  of  i'Xperimenia,  he  found  tlmt  the  weight  of  the  body,  nfter  remaining  in  a  tepid 
from  thirty  to  forty-live  minutes,  was  generally  stationary ;  but  that  sometimes 
.  :ui  a  very  shght  diminution  in  weight  and  sometimes  a  very  slight  increase.  By 
oriiiipiiralive  ubservations,  however,  he  found  that  the  diminution  of  weight  in  the  bath 
•'•»  -^'W^ya  Io**«  than  the  amount  lost  by  the  same  subject  in  the  air.  Dr.  Willemin 
-♦l  ft  very  dulicate  apparatus  f*»r  weighing,  and  his  observations  wore  apparently 
lib  great  care.  He  also  confirmed  the  statement  of  W.  F,  Edwanls  and 
Mnuispinttlo(n  from  the  general  surface  goes  on  in  a  hath.  Tlus  he  showed 
in  th«  composition  of  the  bath  before  and  after  immersion  of  the  body* 
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These  observations  do  much  to  re<!oncUe  the  contradictory  eirperimenta  of  others,  in  some 
of  which  a  diminutiua  id  weight  was  observed,  while  in  some  an  increase  wtu  DotecL  In 
studying  this  ^object,  it  must  always  he  remembered  that  there  is  a  constant  logs  of 
weight  by  evaporation  from  the  general  stirface  and  from  the  lungs;  a  fact  which  waa 
not  taken  into  account  by  some  of  the  earlier  experimenters. 

It  has  been  frequently  remarked  that  the  sensation  of  thirst  is  always  least  presdns-^ 
in  a  moist  atmosphere,  and  that  it  may  be  appeased  to  a  certain  extent  by  baths^  It  i« 
true  that,  in  a  moii^t  atmosphere,  the  cutaneous  exhalations  are  diminished,  and  this 
might  account  for  the  maintenance  of  the  normal  proportion  of  fluids  in  the  body  iritb 
less  amount  of  drink  than  ordinary ;  but  we  could  hardly  account  for  an  actual  olleda 
tion  of  thirst  by  immersion  of  the  body  Ln  water^  unless  wo  assumed  that  a  eeruin 
quantity  of  water  had  been  absorbed.  A  striking  example  of  relief  of  thirst  in  this  iraj 
is  gjivea  by  Captain  ICennetly^  in  the  narrative  of  his  sufferings  after  shipwreck,  when  Ite 
and  his  men  were  exposed  for  a  long  time  without  water,  in  ati  open  boat.  With  regard 
to  his  tJUlTeringH  from  thirst,  he  t^ays:  ''I  cannot  conclude  without  making  mention  of 
the  great  advantage  I  derived  from  soaking  my  clothes  twice  a  day  in  mU- water, 
and  putting  them  on  without  wringing.  .  .  .  There  is  one  very  remarkable  circum- 
stance, and  worthy  of  notice,  which  was,  that  we  daily  made  the  same  quantity  of  urtn^ 
as  if  we  had  drunk  fuoderately  of  any  liquid,  which  must  be  owiug  to  a  body  of  wattff 
absorbed  through  the  pores  of  the  skin.  ...  So  very  great  advantage  did  we  denvo 
from  this  practice,  that  the  violent  drought  went  otf,  the  parched  tongue  was  cured  in  a 
few  minutes  after  bathing  and  washing  our  clothes;  at  the  same  time  we  found  ouTbclvei 
aa  much  refreshed  as  if  we  had  received  some  actual  nounshment.^^ 
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Absorption  hy  the  Befpiratory  Sarfac€.—\\\  studying  the  phy<(iological  anatomy  of 
the  respiratttry  apjiaratus^  we  have  seen  how  admirably  the  respiratory  surface  is  calcU' 
latod  for  the  intrcwluction  of  gaseous  principles  into  the  blood.  The  great  rapidity  wi 
which  the  oxygen  of  the  inspired  air  penetrates  through  the  delicate  covering  of  the  pul- 
monary vessels  has  already  been  fully  considered  under  the  head  of  resjiiration.  Under 
natural  cc^nditions,  the  gases  of  the  air  are  the  only  principles  absorbed  by  the  lungps;  but 
examples  of  the  ahsnqjtion  of  other  gaseous  matters  are  exceedingly  common,  and  this 
process  has  been  the  subject  of  numerous  exf)eriments  by  physiologists.  The  fact  of  tlie 
absorption  of  foreign  substances  by  the  lungs,  also,  hais  long  been  definitely  settled ;  bu! 
this  bcdongs  to  pathology  or  to  therapeaties,  rather  than  to  physiology. 

It  is  now  almost  tmiversally  conceded  that  animal  and  vegetable  emanations  may  he 
taken  into  the  blood  by  the  lungs  and  produce  certain  well-marked  pathological  condi- 
tions. It  is  supposed  that  many  contagions  diseases  are  propagated  in  this  way,  a^  well 
m  some  fevers  and  other  general  diseas4?a  which  are  not  contagious.  AVith  regard  to  cer- 
tain poisonous  gases  and  volatile  principles,  the  effects  of  their  absorption  by  the  limgw 
are  even  more  striking.  Carbonio  oxid<^  and  arseniuretted  hydrogen  produce  death  al- 
most instantly,  even  when  inhaled  in  small  iiuantity.  The  vapor  of  pure  hydrocyanic  acid 
acts  frequently  with  great  promptness  througli  the  lungs.  Turpentine,  iodine,  and  many 
medicinal  substances  may  be  introduced  with  great  rapidity  by  inhalation  of  their  va- 
pors; and  we  well  know  the  serious  effects  produced  by  the  emanations  from  lead  or  mer- 
onry  in  persons  w!io  work  in  these  articles.  Among  the  most  striking  proofs  of  the 
absorption  of  vapors  by  the  lungs  are  the  effects  of  the  inhalation  of  ether.  This  passes 
into  the  blood  and  manifests  its  characteristic  anesthetic  influence  almost  immediately* 
Not  only  have  vapors  intr<xluced  in  this  way  been  recognized  in  the  blootl,  but  many  of 
the  principles  thus  abs(»rbed  are  excreted  by  the  kidneys  and  may  be  recognized  by  their 
characteristic  reactions  in  the  urine. 

As  would  naturally  bo  expected,  water  and  substances  in  aolation,  when  ir^ected 
into  the  respiratory  passages,  are  rapidly  absorbed,  and  poisons  administered  in  this  way 
manifest  their  peculiar  effects  with  great  promptness.    Experimenters  on  this  snbjecl^, 
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bTc  shown  liie  fiicilJtjr  with  which  liquidft  loigr  ha  ahaorhed  from  the  lungs  lincJ  the  air- 

'  :r^,  but  it  must  he  rememhered  thiit  tho  natural  conditions  are  never  mvh  m  to  ad- 

'Iff-*  'irtioti.     The  ooroial  iiinctiou  of  thu  hiug\$  i^  to  ahsorh  oxj^en  and  samethnes 

,  :r . >^cn  from  the  air;  and  the  absorption  of  any  thing  else  by  these  8urracea  is 

rai  and  geoeraljj  deleterious, 

'  ^(tjVom  Cloud  CantuMy  RrMCrroirn  of  fllundsy  (tc, — Facta  in  patholo)i?y  show- 

u  from  closed  cavities,  the  aroolar  tissue,  the  muscular  and  nervous  tii»uev 

va,  find  other  parts,  are  sufficiently  numerous.     In  all  canen  of  effuftion  of 

1  be  pleural,  peritoneal,  [terlcardial,  or  synovial  ctivities,  in  which  recovery 

Uicc,  the  liquid  becomes  absorbed.     It  has  been  shown  f>y  experiment  that  warm 

;,u:  injected  into  these  cavities  is  disposed  of  in  the  same  way.     Eflusions  into  tlie 

ifwilar  tiMne  are  generally  removed  by  absorption.     In  cases  of  penetration  of  air  into 

ik  |ilc<im  or  the  general  areolar  tissue,  absorption  likewise  takes  place ;  showing  that 

fiM«  may  l>e  taken  up  in  this  way  as  well  as  liquids.     Effusions  of  blood  beneath  tho 

otyuncliva  or  in  the  muscular  or  nervous  tissue  may  become  entirely  or  in 

d,     It  i»  true  that  these  are  patholog^ical  conditions,  but,  in  the  closed  cavi* 

.  --  >  of  exhalation  and  absorption  are  constantly  going  on,  although  not 

;       As  regards  abt-orption  frorji  the  areolar  ti>sue,  the  a^l  mini  strati  on  of 

-^  by  the  hypo<lennic  method,  which  is  now  m  common,  is  a  famUiar  proof  of  the 

v*'ith  which  soluble  principles  are  taken  iuto  the  blood  w^hen  introduced  beneath 

I  Dtler  some  circumstances,  absorption  takes  |»lncc  from  the  rescn^oirs  of  tho  varioua 
giiuuK  the  watery  portions  of  the  secretions  being  generally  taken  uj),  leaving  the  sohd 
I  the  orgiinic  matters.  It  is  supposed  tliat  the  bile  becomes  somewhat  inspissated 
I  it  ha«  remained  for  a  time  in  the  gall-bladder,  even  when  tl^  natund  tlow  of  the  se- 
<t«tu>D  is  not  interrupted.  Certainly,  when  t!»e  duct  is  in  any  wfly  obstructed,  absorption 
/  ±  rj.»rtion  of  the  bile  takes  place,  as  is  proven  by  coloration  of  the  eoiyunctiva  and 
;  the  general  surface.  The  serum  of  the  bloody  under  these  conditions^  is  always 
T it. 11^ If  coloretl  with  bile. 

It  i«  probable  that  some  of  the  watery  portion*  of  the  urine  are  reabsorl>ed  by  the 

Q«-  rie  of  the  urinary  bladder,  when  the  urine  has  been  long  confined  in  its 

dy  this  resori)tion  is  ordinarily  very  slight.     A  great  many  cases  of  dis- 

dkiTfe  Mi'  iiriniiry  matters  by  tho  stomach  and  intestines,  skin,  etc.,  when  the  urine  has 

Wo  Icmg  retained,  have  been  reported  by  the  older  i»hysioh>gists  and  were  supposed  to 

lafiortto  rworption  of  the^c  principles  from  the  bladder.    The  mechanism  of  the  excretion 

1^  urinary  matters  was  not  understood  before  the  experiments  of  Provost  and  Dumaa» 

owed  that  nrea  accumulates  in  the  blood  after  the  extirpation  of  liotb  kidneys 

ififerior  animals.     It  is  now  generally  admitted  that  this  takes  place  when  the 

ri  of  excretion  of  urine  is  seriously  interfered  with,  and  that  an  atteni}>t  is  made 

to  remove  these  effete  principles  from   the  system  by  the  stomach,  intestine, 

'Avj:^.     It  is  po^ible,  therefore,  that  the  vicarious  disehargo  of  urinary  matters, 

ted  before  the  true  process  of  excretion  by  the  kidneys  was  understood, 

liiulation  of  the  constituents  of  the  urine  in  the  blood,  and  not  to  their 

riMrption  from  the  urinary  passages. 

^♦-nirpliofli  may  take  jdace  from  the  ducts  and  the  parencliyma  of  glands,  although 
^ir«  chiefly  when  foreign  substances  have  been  injected  into  tliese  parLs. 

Absorption  of  FaU  and  Insoluble  Substances. 

Th<  geoeral  proposition  that  all  substances  capable  of  being  absorbed  are  soluble  in 
rin  the  digestive  fluids  must  be  modified  in  the  case  of  rbe  fats.    Tliese  are  never 

m  any  appreciable  quantity  in  digestion,  the  only  change  which  they  undergo 

^•llliiilCtt  iubdimioa  iu  the  form  of  a  very  fine  emulsion.     In  this  condition,  the 
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fats  are  taken  op  by  the  laoteals  and  may  be  absorbed  in  email  quantity  by  tfa&  blucKl' 
vessels.    Although  it  is  now  pretty  well  underBtood  how  endoainotic  liquids  pass  through  I 
the  walls  of  the  blood-vessels  and  ab^jrhents,  the  mechanism  of  tlie  penetration  of  fatty 
particlea,  which  is  no  less  cotistant,  is  still  somewhat  obscure. 

There  can  be  no  question  with  regard  to  the  actual  penetration  of  the  minute  parti- J 
cles  of  the  chyle  liwo  the  lacteals  and  even  into  the  blood- vessela.     In  birds,  indeed,  ac* 
cording  to  Bernard,  all  the  fat  which  is  abdorhed  i:^  taken  up  by  the  bU>od->  essels^  th<iJ 
lymphatics  of  the  Intestine  never  containing  a  milky  fluid.     Confining:  our  discussion  tal 
the  mechanism  of  the  absorption  of  fatty  emubion  in  mammal ts  it  must  be  admitted  thati 
the  ttssuni[ition  of  the  existence  of  orifices  in  the  walls  of  the  lacteals,  even  if  we  deny  the  J 
actual  anatomical  demonstration  of  the^  openings,  becomes  almost  necessary  ■  for  Ibe  T 
experiments  upon  the  passage  of  fatty  particles  through  closed  membranes  tire  certiuulj 
very  unsatisfactory.    Taking  into  consideration  all  of  the  facts  bearing  upon  the  question, 
it  seems  more  proUable  thut  oritices  cxiAt  in  the  vessels  than  that  the  fiitty  particle*"  peae* 
trat-e  by  endosmosii*;    but  it  mu.st  be   remembered  that  this   idea  rests  upon  the  un- 
doubted physiological  fact  of  the  absorption  of  emulsiuns  rather  than  upon  anatomical 
grounds ;  and,  if  we  were  not  called  uj»on  to  explain  the  absorption  of  fatty  particles^  it 
is  doubtful  whether  the  stomata  of  the  vessels  would  be  so  generally  admitted.     It  is  not  J 
infrequently  the  case  that  we  are  forced  to  assume  the  existence  of  certain  anatoiniciii 
arrangements  as  tlie  only  reasonable  explanation  of  physiological  phenomena,  when  act- J 
ual  demonstrations  arc  uu satisfactory.     With  regard  to  the  lacteals,  when  we  rememberl 
the  excessive  tonuity  of  the  vessels  of  origin,  the  close  adliesion  of  their  walls  to  tho 
surrounding  tissues,  the  novelty  and  uncertainty  of  the  staining  processes,  and  the  fact! 
that  some  iinatomLsts  deny  that  the  tines^t  so-ctilled  lymphatic  plexuses  of  origin  have  aoy  I 
distinct  walls,  it  is  readily  understood  how,  as  physiologists,  we  must  regard  the  exiftt* 
ence  of  stornata  in  the  lyin[ihatic^  as  an  idea  based  upon  tho  necessity  of  explaining  well* 
establislied  physiological  phenomena,  rather  than  a  clearly-demonstrable  anatomical  fict, 
Irj  stutlying  the  mechanism  of  the  pcnetratiou  of  fatty  particles  into  the  intestinal  villi, 

it  has  been  ascertained  that  the  efiithelia)  cells  | 
covering  the  villi  play  an  inijwjrtant  part  iu  this] 
proces^s.    It  was  tirst  ascertained  by  Goodsir  that, 
during  the  digestion  ot   fat,  these  cells  became] 
tilled  witli  fatty  grannies.     This  fact  had  beefij 
confirmed   by  Gruby  and    Delafond,   KoUiktT, 
Fnnke,  and  others,    Funke,  in  his  atlas  of  physi- 
ological chemistry,  tigures  the  appearances  of  tho  \ 
intestinal  epithelium  during  the  digestion  of  tat, 
lis  contrasted  with  the  epithelium  observed  dur-  J 
JDg  the  intervals  of  digestiou,  showing  the  cella,  j 
iluring  absorption,  tilled  with  fatty  granules. 

It  is  true,  as  a  general  Jaw,  that  insoluble  sub- 
stances, with  the  exception  of  the  fats,  are  never  j 
regularly  absorbed,  no  matter  bow  finely  tliey 
may  be  divided.  The  appnrent  exceptions  to  thii* 
^  ^^^  are,  mercury  in  a  state  of  miuute  subdivision  like 
an  emulsion,  and  carbonaceous  particles.  In  tlio 
case  of  mercury,  it  is  well  known  tliat  minute  particles  in  the  form  of  unguents  may  bo 
introduced  into  the  system  by  prolonged  frictions;  but  this  cannot  be  regarded  as  an 
instance  of  physiological  absorption.  The  passage  of  small  carbonaceous  particles 
through  the  pulmonary  membrane  seems  to  be  purely  mechanical.  The  same  thing  may 
possibly  occur  when  fine^  sharp  particles  of  carbon  are  introduced  into  the  alimentary 
canal;  but  t!ie  experiments  of  Miidhe  with  pulverized  charcoal,  and  particularly  those  , 
of  Bi&rard,  Robin,  and  Bernarfl  with  lamp-black  introduced  into  the  intestinal  canal  of 
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010015,  showed  that,  although  the  ioteetinal  riiucons  membraae  beoanie  of  a  da^^  black, 
ttdioonlil  easily  be  r€?moved  by  a  stream  of  water,  and  no  cfirbouuceoua  p/irtieles  could 
bftdbeorcred  \u  the  meseuteric  veins,  tljo  bictetil!?,  or  the  mtjBeDteric  ghinds.  When  tho 
Cirboo  i«  osed  in  the  form  of  lamp-black,  the  piu-ticles  ore  very  minute  ixnd  rounded,  and 
Ibcj  da  Dot  present  the  sharp  points  and  edgei«  which  sometimes  enable  the  grains  of 
fnAftfiMntd  charcoal  to  penetrate  the  vessels  uiechanicallj. 


>■  frmi  fJi*  (ittotttmm  qfa  reifr- 


U!*(im  qf  an  tjseeui^  erinUfuU,  one  hour  af(«r 
dtaih.    (Fimke.) 


Variations  and  Modyicatiofis  of  Absorption. 

Very  little  la  known  concerning  the  variations  in  lacteal  or  lymphatic  absorption ; 

'  *  ■•1  fthBorption  by  blood-vessels,  important  modificattons  occur,  due,  on  the  one  liand, 

rent  conditions  of  the  fluids  to  be  absorbed,  and,  on  the  otber,  to  difterence»  in  th© 

•  of  the  blood  and  in  tbe  conditioni^  of  the  vessels* 

rent  conditions  of  the  fluidr*  to  be  absorbed  apparently  do  not  always  hav© 

I         '     ncc  in  physioloj^ical  absorption  as  in  endofmotio  exporinients  ratide  out  of 

1;       .--  i  1  harine  solutions  of  ditferent  densities  confined  in  distinct  portions  of  the 

ukV^inol  canal  of  a  livini;;  nninizd  do  not  present  any  marked  variations  in  the  rapidity 

^'f  tiu'ir  absory^tion,  and  they  are  taken  up  by  the  hloi:>d,  even  when  their  density  is 

^f.iitr  ihmx  that  of  tbe  blood*plasroa.     Solutions  of  nitrate  of  potash  and  sulphate  of 

wJ.1  iif  greater  density  titan  the  scrum,  which  would,  therefore,  attract  the  endosmotio 

•  «rr,  ot  in  an  endosmumeter  are  readily  taken  up  by  the  blood-vessels  in  a  living  animal, 

rly  all  soluble  substances,  whatever  be  the  density  of  thtnr  solutions,  may  be 

.  the  vnrioos  absorbing  surfaces  during  life.     The  woorara  poison  and  most  of 

i^  are  remarkable  exceptions  to  this  rule.     In  a  series  of  very  interesting 

V;   "  I  J.  Dt^  upon  the  absorption  of  woorara,  Bernard  has  shown  that  this  curious  poison, 

ntiii  h  is  abiorbed  bo  readily  from  wounds  or  when  introduced  cmder  the  skin,  generally 

ITniurcs  nu  ertect  w*hen  introduced  into  the  stomach,  the  small  intestine,  or  the  urinary 

tiikiidtT.    This  result,  however,  is  not  invariable,  for  poisonouss  efifecta  are  produced  when 

introduced  into  the  stomach  of  a  tasting  animal.     This  peculiarity  in  th<j 

^f  fnanr  of  the  animal  poistms  has  long  been  observed ;  and  it  is  well  known 

f  animals  poisoned  with  woorara  can  be  eaten  with  impunity.     It  is 

r,  to  see  an  animal  carrying  in  the  stomach  without  danger  a  tluid  which 

1  pfo*ince  death  if  introduced  under  the  skin;  and  the  explanation  of  this  is  not 

'»**r»ftrent.     The  poison  is  not  neutralized  by  the  digestive  fluids,  for  woorara 

•  a  long  time  in  gastric  juice,  or  taken  from  the  stomach  of  a  dog,  is  found  to 
yt^^^m  mi  ita  toxw  properties,  as  we  have  frequently  shown  {repeating  the  experiment 
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of  Bernard)  by  potdoning  a  pigeon  with  woomra  drawn  bj  a  fi.^iula  from  the  storoadi  of 
a  living  dog.  If  we  recognize  the  absorptiun  of  this  poison  simplj  by  its  effects  upon  the 
system,  it  must  be  as^sumed  that,  during  digesdon,  it  cannot  be  absorbed  by  the  mncoua 
membrane  of  the  atomacb  and  small  intestine,  notwithstanding  tliat  it  h  exceedingly 
aolnble. 

It  has  ako  been  shown  that  liquids  wiiich  immediately  disorganize  the  tl^^^uea,  sneh  m 
concentrated  nitric  or  sulphuric  acid,  cannot  he  absorbed^  Another  important  peculiar- 
ity in  absorption  has  been  demonstrated  by  Mialhe,  who  has  show n  that  solotinns  i^hiirli 
readily  coagulate  t!i*j  albumen  of  the  circulating  fluids  arc  absorbed  very  slowly.  T\m 
is  explained  on  the  sujipositioD  tliat  there  in  a  coagulation  of  the  albuminous  fluids  with 
which  the  absorbing  membrane  h  permeated,  whicli  interferes  with  the  i»assage  of 
liquids.  These  substances  are  nevertheless  taken  up  by  the  blood-vessels,  though  rather 
slowly. 

The  mod ifi cations  wbich  are  due  simply  to  the  physical  conditions  of  liquids  to  be 
absorbed  are  chiefly  manifested  out  of  the  body  and  will  be  considered  in  connection  with 
the  subject  of  end  osmosis. 
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Influence  of  the  Condition  of  the  Blood  nnd  qfthe  Vt'inch  on  Abi^^twn* — After  Ioia.| 
of  blood  or  deterioration  of  the  nutritive  fluid  from  prolonged  abstinence^  absorption  gen-f 
erally  takes  place  with  great  aeti\ity.     This  is  w  ell  known,  both  as  regards  the  entrance 
of  water  and  alimentary  substances  and  the  absorption  of  medicines.     It  was  at  one  time 
qnite  a  common  practice  to  bleed  before  administering  certain  remedies,  in  order  to  pro- 
duce their  more  speedy  action  upon  the  system. 

The  rapidity  of  the  circiilati+>n  has  an  important  influence  upon  absorption.  We  have 
already  shown,  in  treating  of  the  action  of  the  blood-vessels  on  abBorf>tion,  that  this  pro- 
cess may  be  impeded  or  even  arrested  by  the  ligation  of  important  vessels.  It  has  bt'cn 
evident,  also,  that  absorption  is  generally  active  in  proportion  to  the  vascularity  of  differ- 
ent parts.  During  the  process  of  intestinal  absorption,  the  increase  in  the  activity  of  the 
circulation  in  the  mucous  membrane  is  very  marked  and  undoubtedly  has  an  inflnenoe 
upon  the  rapidity  with  which  the  products  of  digestion  are  taken  up. 

Influtnce  of  the  Nervous  Si/ntem  on  Ahsorption, — Experiments  upon  the  inflnenco  of 
the  nervous  system  on  absorption  arc  still  very  imperfect.  It  is  certain  tbat  this  proceaa, ; 
especially  in  the  stomach,  is  subject  to  variations,  wbich  can  hardly  be  dependent  upon 
any  thing  but  nervous  action.  Water  and  other  liquids,  which  usually  are  readily  ab- 
aorbed  from  tlie  stomach,  are  sometimes  retained  for  a  time,  and  are  afterward  rejected  , 
in  nearly  the  condition  in  wtiich  they  were  taken.  It  is  probable,  however,  that  the  moist 
important  influences  thus  exerted  by  the  nervous  system  are  etfected  through  tlie  circa* 
lation.  The  recent  experiments  of  iJernard  and  others  upon  the  sympathetic  systexn  af 
nerves  and  its  connection  with  the  muscular  coats  of  the  small  arteries,  by  tbe  action  of 
which  the  supply  of  blood  in  ditfereiit  parts  is  regulated,  point  out  a  lioe  of  exjierimcnta- 
tion  which  would  probat«l.v  ilirow  much  light  upon  some  of  the  important  variations  in 
absorption.  When  it  is  reiiiembered  tbat  the  small  arteries  may  become  so  contracted 
under  the  intluonco  of  the  sympathetic  system  that  their  caliber  is  almost  obliterated, 
of  course  retarding  to  a  corresponding  degree  the  capillary  and  venous  circulation  in  tlie 
parts,  and,  again,  tliat,  through  the  sympathetic  nerves,  the  same  vessels  may  be  so 
dilated  as  to  admit  to  a  particular  y>ort  three  or  four  times  as  much  blood  as  it  ordinarily 
receives,  it  becomes  apparent  that  absorption  may  be  profoundly  affected  through  Uiia 
system  of  nerves. 

As  far  as  the  innuenee  of  the  cerebro-spirial  system  is  concerned,  it  has  been  ascer- 
tained that,  while  section  of  some  of  the  nerves  dLstribiited  to  the  alimentary  canal  will 
slightly  retard  the  absorption  of  poisonous  substances,  it  is  never  entirely  arrested.  Lon- 
get  found  tbat  the  operation  of  strychnine  injected  into  the  stomach  of  a  dog  in  which 
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pMomogietric  iierrcs  hiul  been  divided  was  ret4irded  about  fve  miDutes;  bat  that 
tiM  coturtilMPOd^  when  they  QccuiTod,  wi$re  fully  as  severe  us  in  an  anlma]  wbicb  had 
f«Mi¥ipd  AH  ^ual  dose,  without  section  of  the  nerves. 

Imbibition  and  Endosmosis, 

Tht  ideas  of  physiologists  concerning  the  inechnnism  of  the  absorption  of  soluble  sub- 

iimtu!cs  have  become  radically  chftngcd  since  the  beginning  of  the  present  century;  and 

It  if  now  generally  atlmitted  that  tbis  process  takea  place  chiefly  by  blood-vessels,  and 

that  the  absorbents  have  no  such  wonderful  elective  power  as  was  attributed  to  them  by 

the  older  writer^.     This  involves  the  passage  of  liquids  through  the  coats  of  tht?  blood- 

Te9»«?l5  nntl  lymphatics;  a  process  which  has  been  the  subject  of  numerous  experiment*^, 

rt-  the  develupment  of  many  important  physical  laws  capable  of  application  to 

!'  ^    al  absorption-     At  the  present  day,  therefore,  the  hiatury  of  absorjjtion  is  not 

\^  without  a  consideration  of  the  laws  of  imbibition  and  endosmosis. 

li  ^i«|nid9  can  paa^  through  the  substance  of  an  animal  membrane,  it  is  evident  that 

th«  membrane  itself  must  be  capable  of  taking  up  a  certain  portion  of  the  liquid  by 

imbibition ;  and  this  must  be  considered  as  the  starting-point  in  absorption,     Imbibi- 

tbn  is,  ttideerl,  a  property  common  to  all  animal  structures.     One  of  the  most  strik- 

id|  ch  I  3  of  organic  principles  is  that  they  may  lose  water  by  tlesiccation  and 

nsxin  n     ^         ibition.     It  is  also  a  well-known  fact  that  the  tissues  do  not  imbibe  ell 

t  'fiitimsi  with  the  same  degree  of  activity.      DisJtilled  water  is  the  liquid  which  is  al- 

''     *  taken  up  in  greatest  quantity,  and  saline  solutions  enter  the  substance  of  the  tia- 

;in  inverse  ratio  to  their  density.     This  is  also  the  fact  with  regard  to  mixtures 

u>l  and  water,  imbibition  always  being  in  an  inverse  proportion  to  the  quantity 

Ijol  present  in  the  liquid.     Among  the  other  circumstances  which  have  a  marked 

e  upon  imbibition,  is  temperature.     Jt  is  a  famiruir  fact  that  dried  animal  mem- 

frtny  be  more  rajHdly  softened  in  wnrra  than  in  cold  water;  and,  with  regard  to 

^n  of  liquids  by  sand,  the  researches  of  Mattencci  and  Cima  have  {<hown  an 

:reaae  at  a  moderately-elevated  temperature.    While  nearly  all  the  structures 

bcnlr,  after  desiccation,  will  imbibe  liquids,  the  merabranes  through  which  the  pro- 

-•K3.  of  abdorplion  are  most  active  are,  as  a  rule,  most  easily  permeated;  and  we  shall 

•t  rhim  ire  come  to  study  the  mechanism  of  the  passage  of  liquids  through  these  mem- 

bna<«,  tliat  the  character  of  the  liqnitl,  the  temperature,  etc.,  have  a  great  intluence 

B^  Ui«  activity  of  this  process.     For  example,  all  liquids  which  have  a  tendency  to 

hM^m  iho  lissues^  such  as  saline  solutions,  alcohol,  etc.,  pass  througli  with  much  less 

W|iMiETthflii  pure  water.    These  facts  will  be  found  particularly  interesting  in  connec- 

tkm  with  observations  on  the  passage  of  liquids  through  membranes,  in  experiments  on 

ddosEooshi  wnth  artificial  apparatus. 


%HUm  of  iJie  Pauage  of  Liqnitin  throngh  Membmnes, — The  attention  of  physi* 
^loglst*  was  first  directed  to  this  subject  by  the  researches  of  Dutrochet,  in  1826.  Al- 
tUttnii  not  by  any  means  the  first  to  observe  the  (jhenomena  which  he  described  under 
tSft  QUDe  of  endf^sniosis;,  to  Dutrochet  is  generally  ascribed  the  honor  of  h.*iving  first 
Wk*£'  i^'ua  of  the  laws  of  endosmosis  to  the  nutrition  of  plants  and  ani- 

^Btk,   I  MJtrochet  was  the  first  to  make  experiments  upon  endosmosis  which 

ittnetad  the  aauH  ;   f^  nt  scientific  men  in  different  parts  of  the  world  and  which  were 
Immit^lhitely  repenr '•!  ttrul  eitended  ;  but  the  experiments  made  upon  living  animals  by 
*incr,  tn  1819.  and  by  Hagendie,  in  1820^  had  already  demonstrated  most  cooclu- 
»/  th«  passage  of  liquids  through  the  walls  of  the  blood- vessels ;  and  the  explanation 
offered  by  these  physiologists  was  fully  as  definite  as  that  proposed  by  Dutrochet. 

DotrDobt '  i"tc4l  an  instrument  called  the  endoamometer,  which  consists  sim- 

f  if  Ailliu.  .1.^5^  the  lower  opening  of  which  is  closed  by  a  membrane,  the  open- 

\a^mt  being  cvanected  with  a  long  glass  tube  by  which  the  force  with  which  liquids 
21 
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pass  through  the  njembrane  can  be  measured.    The  bell-glass  is  g^enerolly  filled  with 
liquid  capable  of  attracting  a  current  of  vvnter  from  without,  and  la  imiuerscd  id  piir 
watcr^  fio  ttiat  tbe  nii*riibrane  is  coiiiiiletelj  covered,     rnder  these  circumstances,  Ihirr 
U  a  current  of  water  through  the  memhrnne,  which  will  cause  the  liquid  to  mouot  in  UiJ 
tube,  sometimes  to  the  hei^'ht  of  several  feet ;  but,  at  tho  same  tijne,  there  is  a  feeble^ 
current  from  the  interior  of  the  appiiiatiia  to  the  water.     Dutrochet  called  the  stronger 
lljo  eiidosmotic  current,  and  the  feebler,  the  exosmotie  current.     Tim  nomenclaturQ 
however,  is  not  strictly  accurate ;  for,   if  the  position  of  the   Uquids  bo  reversed,  t hi 
stronger  current  is  exosmotic  and  the  feebler  is  endosniotic.     It  mu»t  be  rememhere<1 
therefore,  ihat  the  name  endosmosis  is  alwa^'s  to  bo  understood  as  apidied  to  the  princi 
pal  current,  whde  the  term  exosmosis  is  applied  to  the  current  in  the  opposite  direction 
This  possible  inaccuracj  of  expression  haa  led  to  the  ado]>tlon  by  Graham  and  other*  < 
the  term  (ism osis,  as  applied  generally  to  the  currents  wliich  take  place  through  mew 
braDes ;  \*ut  tlie  terms  tlrsst  proposed  b^^  Dmrocbet  are  most  commonly  used. 

The  phenomena  ot  endosmosis,  which,  since  tbe  publicjition  of  tlie  researched  of  Do 
troehet^  havu  beeu  so  closely  studied  by  physicists,  are  chielly  interesting  to  the  phyMolo- 
gist  in  tbeu-  api»lication  to  absorption.      While  it  is  true,  perhaps,  that  all  tbe  phenomena^ 
of  physiological  absorption  cannot  as  yet  be  explained  upun  purely  |diyeical  prinriplci^ 
it  is  nevertheless  important  to  ascertain  how  far  physical  laws  are  involved  in  tins  pr 
ceas.     With  this  end  in  view,  we   shall  study  the  ]>hysical  pheoomena  of  endosmoai^ 
chicly  with  reference  to  their  physiological  ajpplitations. 

It  is  now  delinitely  ascertained  that  the  luUowing  conditiona  are  necessary  for 
operation  of  endosmosis  and  exosmosis  : 

L  That  both  liquids  b©  capable  of  '*•  wetting  "  the  interposed  membrane,  or,  in  oth« 
worda,  that  the  membrano  be  capable  of  imbibing  both  liquids.    If  but  one  of  the  liqu 
can  wet  the  membrane,  tlie  current  can  take  place  in  only  one  direction. 

2.  That  the  liqnhls  be  miscible  with  each  other  and  be  differently  constituted*    Al 
though  it  i.H  found  that  the  currents  arc  nio.st  active  when  the  liquids  are  of  ditferent  dco 
eitiea,  this  condition  is  not  indispensable  ;  for  currents  will  take  place  between  solution 
of  different  substances,  such  aa  salti  augar,  or  albumen,  when  they  have  |irec!scly  tba 
same  density. 

The  physlologrcal  applications  of  the  laws  of  endosmof^is  can  now  be  more  fully 
appreciated,  as  it  is  evident  that  the  above  conditions  are  fulfilled  whenever  uhsorpUoo 
takes  fdacc,  with  the  single  exception  of  the  abgiorption  of  fats,  which  has  been  »p€ciaUy| 
considered.     For  example,  all  substances  are  dissolved  or  liquefied  before  they  are  ab*  j 
sorbed,  and,  in  this  condition,  they  are  capable  of  ''  whetting  "  the  walls  of  the  Idood-vesseliJ 
All  the  liquids  absorbed  are  capable,  also,  of  mixing  with  tbe  plasma  of  the  blood.    Whi 
makes  this  application  still  more  complete,  is  the  behavior  of  albumen  in  endohtnotic  exJ 
periments.     In  physiological  absorption,  there  is  always  a  great  prcdominnnco  of  !h| 
endosmotic  current,  and  there  is  very  little  transudation,  or  exosniosie,  of  the  albuminoid 
constituents  of  the  blood.     On  the  other  hand,  there  is  a  constant  absorption  of  alba 
rainose,  which  is  destined  to  be  converted  Into  the  albominoid  matters  of  the  blood* 

Recognizing  the  fact,  which  was,  indeed,  pointed  out  clearly  by  Dutrocbet^  that  albo- 
men  is  capable  of  inducing  a  more  powerful  endosmotic  current  thim  almost  any  other| 
liquid,  it  has  been  shown  that  it  never  itself  passesi  through  membranes  in  the  exoetnolil 
current;  but  that  albuminoids,  after  transforiuation  by  digestion  into  albunnnosc,  or 
albumen  mixed  with  gastric  juice,  paeis  through  animal  membranes  with  great  facility* 
The  expCTiments  by  which  these  facts  are  demonstrated  are  very  conrlusivt  and  are  ( 
of  the  highest  physiological  iinfportance.  On  removing  part  of  the  shell  of  an  igg.  so 
as  to  expose  its  membranes,  and  immersing  it  in  pure  water,  tbe  passage  of  water  into 
the  egg  wa«5  rendered  evident  by  tho  projection  of  the  distended  membranes:  but,| 
nlthotjgh  the  surrounding  liquid  had  become  alkaline  and  the  approj>riate  test>  n^veaM 
tbe  preaenoe  of  some  of  the  inorganic  constituents  of  the  egg,  the  presence  of  alhnsDenl 
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aoohl  M^ir  h^  deteot^L  When  the  contents  of  the  e^g  were  replaced  by  tho  Aerum 
oC  %hm  bloijd,  the  sanie  result  followed.  "After  six  or  eight  hours  of  inimerition,  the 
MraiB  l^aftl  jii:Tded  to  the  water  in  the  vessel  all  Its  saline  elements^  chlorides,  sulphates, 
pliO«pl»£e^  which  were  easily  rec<i^;zed  by  their  peculiar  reactionii,  hut 
•OC  SO  mUaa  of  iilbumen/* 

A  v^nj  simple  upparutas  for  iiliiiitrating  endosmotic  action  can  be  con- 
in  the  following  way:  Remove  carefully  a  circular  portion, 
nn  inch  in  diameter  of  the  shfU  from  one  end  of  an  egg,  which 
RMjT  ^  done  without  injurini^  the  membrones,  by  cracking  the  sliell  into 
watH  pieecfly  whicli  are  picked  off  with  forceps.  A  delicate  glass^tube, 
•bout  MX  inched  in  len^th^  i^  then  introduced  through  a  small  opening  in 
^t  slieU  and  fnembrunes  of  the  other  end  of  the  ejorg^  and  is  secnred  in  a 
vtrfienl  position  by  wax^  the  tube  penetrating  the  yolk.  The  egg  is  then 
fikaoed  so  a  wtne-^lasa  partly  filled  with  water.  lu  the  cour8e  of  half  on 
boor  Of  an  Jiour,  the  water  will  have  [leuetrated  tiie  exposed  membrane, 
izkd  the  yolk  will  rise  in  the  tube. 


Injtumei  of  Membrnnn  vpon    Osmoik    CurrenU,  —  The  force  with 
which  ti<iuid0  pa^s  through  membranes,  called  endosmotic  or  osmotic 
lore*,  ia  tii  A  great  de^'ree  dependent  upon  the  intiuence  of  the  mem- 
bruiei  them«elvc5.     This  inriucneo  is  always  purely  physical,  in  experi- 
ni'titft  miwle  out  of  the  body;  and  physiological  absur[ition  ciin  be  ex- 
!,   to  a  certain  extent,  by  the  same  laws*      It  must  be  reniein- 
however,  that  the  properties  of  orj^anic   s^ructLircs^  which   ;  r 
*ted  only  in  living  bodies,  are  ca|ndde  of  modifyirtg  these  phy^i  .^s*- 

iiena  to  a  romarkabk*  degree.     For  example,  all  linng  tissues  u. . 
1.  of  selecting  and  apftropriating  from  the  nutritive  Huida  the  ma-  ^^j^^^fl;f^^^ff/^i 
necessary  for  their  regeneration  ;  and  the  secreting  structurt^s  of     Mr^iftt   rn4m- 
alsf>  select  from  the  bloo<l  certain  principles  which  are  used  in 
itatioQ  of  their  secretions.     At  the  present  day,  these  phcuotnena  and  their  modi- 
1^  through  the  nervous  system  cannot  be  fully  exphiincd.     This  is  true,  aUo,  of 
phenomena  of  absorption  and  their  modification^*,  which  are  probably  de- 
^-  *u  the  same  kind  of  action.     In  view  of  the^e  unduubted  facts,  the  influence 
mtructiircs  through  widch  liijuids  pass  in  physiological  absorption  may  be  divided 
uisfs:  tir*t,  into  physical  influences,  which  maybe  illustrated  by  endosmotic  ex- 
i#nt«  with  organic  membranes  out  of  the  body;  and  second,  moditlcations  of  these 
which  ore  presented  only  in  the  living  organi,sm. 

H  experiments  have  demonstrated  that  both  the  endosmotic  and  the  exos- 
ic  current  may  be  produced  by  using  a  porous  instead  of  n  membranons  septum, 
\^^\i  then  thoy  are  always  comparalivelj  feeble.  The  phenomena  thus  presented  are 
1ft  W  txplainetl  entirely  by  the  laws  of  capillary  attraction  and  of  the  ditfusion  of  liquids. 
riii-*4»  laws  wonhl  enter  largely  into  the  explanation  of  the  passage  of  liquids  through 
aiiunl  tncmhranea,  if  it  could  ho  demonstrated,  or  even  rendered  probable,  that  these 
1  •"  rrme^  are  invariably  porous,  or  provided  with  capillary  openings.  It  will  be  neees- 
iitjwcvcr.  to  study  this  qucHtion  very  carefully  and  to  examine  all  the  properties  of 
4amtj.  in  1?*^  both  within  and  without  the  living  organism. 

In  !,icc,  is  there  any  proof  that  all  membranes  which  will  aiimit  the  pasange 

rousi'    This  is  a  most  important  question;  and  it  lies  at  the  foundation 

ion  of  the  phenomena  of  eodosmosis  by  the  laws  of  capillary  attraction. 

til  ail  tneinbrancs  which  yroasess  an  anatomicu!  structure  discoverable  by  the  micro- 

ir.,?i*  ihieTe  ore  undoubtedly  interstioes  between  the  tibres,  cells,  etc.,  of  which  the  tis- 

•  oiDpo^ed ;  bnt,  on  the  other  hand,  animal  membranes  generally  have  a  layer,  like 

x^a  ufttaneDt-membrttnes  of  mucous  tissues,  which  is  absolutely  homogeneous  and  struct- 


su 


ABSORPTION. 


itreless.  In  applving  the  laws  of  endosmosis  to  phTsioloipcal  absorptioD^  it  is  fouDd  tljfl 
the  membniBca  which  are  iDost  easily  peuetrated  hy  fluids  are  excessively  thiri  iwd 
uoarly  humogvneous.  Take,  for  example,  tlie  walla  of  the  capillary  blood-vessels,  ihruugj 
which  the  greatest  part  of  physiolog:ical  absorption  take»  place.  This  membrane 
from  g 5  i 0  a  to  yrjinr  ^^  ^^  Ineh  thick,  and  is  entirely  amorphous,  with  the  exception  < 
the  lining  epithelium  with  its  nuclei.  The  assumption  that  invisible  capiilarr  onfic 
exjj^t  in  these  thin,  amorphous  membranes,  aside  from  the  so-cidled  Ftoninta,  is  pnrel| 
hypothetical  and  is  unwarrantable.  The  only  circumstance  which  could  lead  to  such 
9up[>oMritjn  is  the  fact  that  these  membranes  can  be  penetrated  by  liqirhls. 

It  is  manifestly  unpbilosophieal  and  absurd  to  offer,  as  an  e:xplanation  ot  endoamo 
through  structureless  membranes,  an  hypothesis  which  has  its  only  support  in  the  exis 
ence  of  the  phenomena  which  it  h  intended  to  explain.     Tiiis  mode  of  reasoning  is  ; 
the  more  on  sounds  as  the  phenomena  of  endosmosi»  are  vqvj  far  from  being  conipleteij 
understood,  and  aa  many  important  properties  of  organic  structures,  which  bear  directlj 
upon  the  question  nnder  consideration,  arc  ignored.     For  example,  physiological  absorp-^ 
tion  does  not  always  take  place  in  accordance  with  known  physical  laws.    It  nndorgoei 
modifications  which  can  at  pret^ent  only  be  explained  on  the  ^supposition  that  the  liquids^ 
become^  for  the  time,  luirt  of  tlio  living  organic  Ptrwctures  and  partake  of  their  peciiliji 
properties;  one  of  tliem,  the  property  by  virtue  of  which  they  appropriate  both  th 
organic  and  the  inorganic  principles  necessary  to  their  proper  constitution  and  regener 
tion,  is  called  by  some,  vital ;  a  word  wiiich  atmply  expresses  ignorance  of  its  easeu 
tial  character     It  must  l)e  understood,  however,  tlmt  this  remark  does  not  apply  to  Uh 
genend  phenomena  of  endosmosis  or  absorption,  but  only  to  certain  of  its  QiiexplaiD« 
modifications. 

A  most  important  property  of  organic  tiffmiea,  which  is  ignored  by  thone  who  cxpla 
absorption  on  the  principle  of  capillary  atiraclion^  i»  that  of  hygrometricity.  All  tb 
organic  nitrogenij&ed  j>roximate  principles  are  capable  of  losing  their  water  of  compo 
tion  by  desiccation  and  of  regaining  it  by  imbibition.  The  water  which  enters  into  the 
composition  is  not  necessarily  contained  in  interstices  in  the  tissue,  but,  in  the  ca«t  < 
gtriictureless  parts  especially,  is  uniformly  disseminated,  or,  we  may  term  it,  difi^iMfd 
throughout  tlte  organic  substance,  of  which  it  forms  a  constituent  part.  This  action  of 
certain  liquids  upon  the  organic  semisolids  is  something  like  the  dittusion  of  liquids;  th€ 
difference  being  that  it  is  the  liquid  only  which  is  diffused  in  the  semisolid,  the  femigol»4 
being  incapable  of  diffuwing  in  the  li<]uid.  As  it  has  been  found  that  all  li(]uid»  are  r»c 
equally  Bubjcct  to  capillary  attraction,  so  animal  tissues  imbibe  different  liquids  with  dtl 
ferent  degrees  of  activity;  a  fact  which  will  account  in  a  measure  for  th©  Tariations  !| 
the  end  osmotic  currents  with  different  solutions. 

Exam[des  are  not  wanting  of  endosmosis  by  imbibition  or  diffusion,  when  it  cinno 
be  assumed  that  there  is  any  such  thing  as  porosity  in  the  (Rcptum,     The  followin| 
exi>eriment  of  Lhermite  fully  ill usr rates  this  point.     A  tube  was  partly  filled  with  ii  cch 
umn  of  cldoroform;  and  upon  this  wan  fioured  a  layer  of  water,  and  above  it  a  layer  ofl 
ether.     The  ether  gradually  penetrated  the  biyer  of  wafer  and  passed  to  the  chloroform,J 
niinffling  with  it.     After  a  certain  time,  all  the  ether  had  thus  been  diffused  in  the  chlo 
roform,  and  tlio  layer  of  water  retained  its  original  volume.     Wo  have  rejicated  ihil 
experiment  with  some  slight  moditications,  using  first  a  layer  of  sulphuric  acid,  then  i 
layer  of  water,  and  fin:illy  a  8uluti<»n  of  blue  litmus  in  alcohol;  and,  in  a  very  sh or 
lime,  the  acid  penetrated  the  w  ater  and  reddoued  the  litmus  above.     A  liquid  septum  i« 
certiiinly  not  porous,  in  any  sense  of  the  word ;  and  the  explanation  of  the  phcnomenc 
of  endosdiosis  through  liquids  depends  simply  upon  the  law  of  diffusion  of  liquids,  th#^ 
molecules  of  the  lii^uids  being  held  together  so  fcuhly  that  they  will  admit  the  molecules 
of  other  liquids  with  which  they  are  capable  of  mixing. 

Witli  regard  to  the  passage  of  liquids  througli  different  septa,  the  following  seem  to  be 
the  facts  which  can  be  considered  as  definitelv  settled  ; 
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Tli«  ooih^re  attractloQ  of  the  constitiient  particles  of  insoluble  solids  is  so  (zrreat,  that 
th^  «iitrftDce  of  fltiida  is  iTi]{>ossibkf  unless  the  eubstance  be  poroas^  and  thh  jilways 
inrolvea  ih^  law  of  <!apillary  attraction ;  but^  in  liquids,  the  cohesive  attraction  is  so 
dlflii  AS  to  jidmit  of  the  peoetratiou  atid  dit!iision  of  certain  other  Hqaids. 

tuaiog>eii0ou5  Animal  inenibrancs,  which  arc  of  a  semisoVtd  conj^istt'tLCe^  iire  capable 
iblbiBg  certaio  lii^uidi^;  and  any  liquid  ^vhich  can  pass  into  such  membrnnea  will 
{ttMlbroagli  tbtifln  under  proper  conditions.  The  cohesive  attraction  of  the  particles  of 
tbe  membrfme  is  not  sach  as  to  allow  them  to  imbibe  an  indefinite  quantity  of  any  liquid; 
but  it  is  <me  of  the  distinctive  properties  of  organic  tissues,  that  a  limited  quantity  of 
li(|iiiil  can  be  taken  up  in  this  way. 

In  ri**w  f>f  these  facts,  It  is  not  necessary  to  assume  the  existence  of  infinitely  sraoll 
ojicnin^  in  homogeneous  membranes  throujrh  which  osmotic  currents  can  be 
take  place,  in  order  to  explain  the  mechanism  of  these  current*^.  In  the  case  of 
liils  capable  of  dilfusing  with  each  other  and  separiited  by  an  animal  niombrane, 
tlb»  mechanism  of  the  endosniotic  and  exi osmotic  currents  is  Tery  simple.  In  the  first 
|i»c#%  the  membrane  imhibes  both  tlio  liquids,  but  one  h  always  taken  np  in  greater 
<[Bintity  tlian  the  other.  If  water  and  a  solution  of  common  salt  ho  emplojxMJ,  the  sur- 
liee  of  the  membrane  exposed  to  the  water  will  Imbibe  more  than  the  Burface  expo;»ed  to 
tbir  MiIiDe  solatlon  ;  but  both  liquids  will  meet  in  its  substance.  The  first  step,  therefore^ 
ioth«  prtxliiction  of  the  currents  is  imbibition.  Once  in  contact  with  each  otlier,  the 
Iqaids  diffuse,  the  water  pacing  to  the  ^line  solution,  and  vice  t'^rm.  This  takes  place 
by  preci^^ly  th^  same  mechtinism  as  that  of  the  passage  of  liquids  throngh  porous  septa. 

Tlie  osmotic  currents  may  be  modified  with  the  same  litiuids  by  using  ditferent  mem- 

^rrtif:'^^     This  fact  was  well  illustrated  in  some  of  the  experiments  of  Matteucci  and  Cima, 

i»  comparative  observations  were  made  upon  the  currents  through  the  skin  of  the 

.  the  *kin  of  tlie  frog,  and  the  skin  of  the  eel.    The  results  obtained  wnth  these 

it   membranes  showed   marked  and  constant  variations.      The  same  observers, 

If  mucouj  membrane  of  tlie  stomach  of  the  lamb,  found  a  marked  difference  in  the 

►tic  phenomena  when  the  surface  exposed  to  the  water  was  reversed.     In  two 

with  the  epithelial  surface  of  the  membrane  tunied  toward  the  interior  of 

-meter,  the  elevations  of  the  liquid  in  an  bunr  and  a  quarter  were  forty- 

;  six  millimeters;  but,  with  the  membrane  reversed,  so  that  the  attached  sur- 

ned  toward  the  intenorj  the  elevations  during  the  same  period  wi^vo  sixty^sia: 

nty-two  millimetei's.     This  difference  is  readily  explained  by  the  ditference  in  the 

i[jc>0  of  the  two  surfaces  of  the  membrano  used.     From  these  facts,  it  is  evident 

iile  the  diffusion  of  liquids  as  they  meet  in  the  substance  of  a  membrane  is  the 

'>f  the  osmotic  currents,  which  are  continues!  as  the  liquids  ditlbse  with  each 

it  her  side  of  the  membrane,  the  determination  of  a  predominating  or  endos- 

t  if^  the  ordinary  conditions  being  undisturbed,  is  efivcted  by  the  greater  at- 

tj  t   which  the  membrane  exerts  upon  one  of  the  hquids, 

hLflufnae  of  Different  Liqnidi  upon  Otmmiic  Cvrrents. — The  action  of  the  liquids  be- 
tvifii  which  endosmotic  current**  take  place  is,  as  we  have  seen,  most  intimately  con- 
irt«5  with  the  force  by  which  the  liquids  enter  tlie  membrane,  be  it  capillary  attraction 
ition ;  but  the  attractive  force  exerted  by  the  membrane  is  never  capable,  in  it^lf, 
i.:,  during  A  current.  It  is  evident,  therefore,  that  the  properties  of  the  liquids  most 
Wre  an  imfKirtant  infiaeuce  upon  osmosis,  both  from  iliiferences  in  the  attraction  of  the 
ncmfanuie  for  the  liquids  and  their  ditferent  degrees  of  ditfusibility.  In  order  to  appre- 
ftilly  all  tlie  jdiyMcal  phenomena  of  osmosis,  it  will  be  necessary  to  study  carefully 
tii  Itirs  of  diffusion  of  liquids  and  the  diffusibility  of  ditferent  solutions ;  but  it  will  be 
■Aekfit  for  our  present  purpose  to  state  a  few  general  propositions,  which  will  be  found 
I  or  less  npplicabk'  to  physiological  absorption. 
WVn  two  liquids,  capable  of  mixing  with  each  other,  are  brought  together,  they 
» irith  greater  or  lesa  rapidity,  until  the  constitution  of  the  mixture  becomes  uniform. 
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Different  liquids  possess  widely  different  degrees  of  diffusibility ;  aad,  as  a  rulo,  iq 
&alme  s^olutious,  the  rate  of  diffusion  inort*uses  in  proportion  to  the  strength  of  the  solu-^ 
tion^  at  leui^t  wlien  the  quantity  of  salt  diaaolved  does  not  exceed  four  or  live  per  ceDt 
It  follows  tVonj  this  that  the  activity  of  the  endosmotic  current  toward  any  salme  solution 
wdl  be  greatest  at  the  hcgiiiuing  of  the  experiment  and  will  progressively  diminish  as  tha^ 
currents  continue  and  the  two  liquids  assume  a  mure  ccarly  uniform  density. 

The  riito  uf  diffusion  of  different  solutions  is  gonerallj  increased  by  a  moderate  elevd 
tion  of  teniperature. 

Bearing  in  mind  these  general  laws,  and  remembering  that  they  are  applicable 
diffusion  as  it  takes  place  tiirougli  animal  niemhranes,  we  can  easily  understand  how 
different  liquids  and  solutions  in  an  endosniometer,  will  attract  with  different  degrees  of] 
intensity  any  given  liquid,  such  as  pure  water;  and  how  ihls  attractive  force,  which 
measured  by  the  rapidity  and  extent  of  the  rise  of  liquid  in  an  endosmometer,  may  be 
modified  by  the  concentration  of  the  solution,  ditlerences  in  temperature,  and  other  eon^ 
dltions.     The  intluence  which  the  mt'iiibrane  exerts  upon  the  relative  tnteusity  of  thes 
currents  is  dependent  to  a  certain  extent  U[ion  the  diffusion  which  takes  place  w)ien  the! 
two  liquids  come  together  in  itis  substance. 

As  a  rale  to  which  there  ai'c  not  nuiny  exceptions,  pure  water  will  penetrate  ani- 
mal menjhranes  more  readily  than  any  other  liquid ;  and  it  is  consequently  from  the 
water  to  the  liquid  contained  in  the  endosmometer  that  the  principal  current  generally 
takes  place»  Liquids  like  alcohol,  saline  solutions,  etc.,  which  have  this  property,  are 
aaid  to  be  positively  osmotic ;  while  those  with  which  the  current  takt'S  place  in  the 
opposite  dii'L'Ction,  sach  as  oxalic  acid,  weak  hvdruchloric  acid,  bichloride  uf  platinntni^ 
etc.,  are  said  to  be  negatively  osmotic*  In  a  series  of  experiments  with  different  liquid 
if  the  endosmometer  be  alwavs  the  same  and  if  all  the  liquids  used  be  exposed  to  tlie  action 
of  pure  water,  in  a  given  time  a  definite  change  in  the  quantity  of  fluid  in  the  endu^mgm* 
eter  will  be  produced^  which  will  be  indicated  by  a  certain  amotmt  of  elevation  or  dia 
pression  in  its  level. 


Applicathns  of  Phijaical  Laws  to  the  Funciton  of  Aluforptton, 

In  no  experiments  performed  out  of  the  body,  can  the  conditions  favorable  to  tha 
passage  of  liquids  through  membranes  in  accordance  with  purely  physical  laws  be  realiie 
M  the?  exist  in  the  living  organism.     The  vast  extent  of  the  absorbing  surfaces  ;  the  great 
delicacy  and  permeability  of  the  membranes;  the  rapidity  with  which  principles  are  car- J 
ried  on  by  t!>e  torrent  of  the  eirculatioo,  as  soon  as  they  pass  through  these  membranes  j 
the  oniformity  of  the  pressore,  notwitlistamlitig  the  penetration  of  liquids ;  all  these  favof 
the  pliysical  phenomena  of  absorption  in  a  way  which  cannot  be  imitated  in  artificially-^ 
constructed  apparatus.      It  is  not  necossary  to  invoke  the  vital  properties  of  tissues  loJ 
explain  ttie  ordinary  phenomenn  of  absorption.     Enough  has  been  learned  of  the  lawi 
which  regulated  endosTiiosis  and  exostosis  to  enable  us  to  explain  most  of  these  phe-^ 
n.>mena  upon  physical  principles.     This  fact  has  been  appjirent  in  studying  these  princi- 
ples in  their  relation  to  absorption  in  the  living  body;  but  it  is  an  important  question  taj 
ileterminc  whether  this  be  aitplicable  to  nil  the  varied  phenomena  of  physiologic^d  ab- 
sorption.    In  other  words,  are  there  any  modifications  in  this  function  which  cannot,  as| 
yet,  be  explained  by  jdiysical  laws? 

Admitting  the  tact  that  the  general  process  of  absorption  takes  place  in  accor<lanco| 
with  the  laws  of  endosmosis,  we  shall  now  consider  some  of  the  i>henomena  which  ttp» 
tieartr»bein  opposition  to  known  physical  principles,  or  in  which  the  application  of  j 
these  principles  seems  to  be  iitiperfectly  understood. 

It  is  not  easy  to  understand  how  particles  of  emulsified  fat  find  their  way  throtigh 
the  walls  of  the  lacteals  and  blood-vessels,  unless  we  admit  the  existence  of  onfice%| 
such  as  have  been  described  by  recent  anatomists.     The  experiments  of  MntteQCci  ivith* 
alkaline  emulsions  seem  to  show  that  alkalinity  is  a  condition  necessary  to  the  pcnetra- 
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tioo  of  fdtty  particles,  although  tbey  do  not  offer  aa  ©xplaDation  of  the  mechaokm  bj 
tt  fmrticleii  pass  through  tiienjhraues.     It  has  heeti  demonstrated  that  the  epi- 

Ihi  '  h  covers  thestj  meiybrunea  hei^oniea  tilled  with  tatty  ^^raouleis  during  the 

Ab80C|iltou  of  emulsions,  and  Rrme  physiulugUts  invoke  the  aid  of  **  eeU-actiuii|-'^ — con- 
dcTDtDg  whtch  it  niU!*t  he  coQfe^ised  that  tliere  f^xMiit^  \Qry  little  definite  infortiiatioQ — Id 
cjqflMiotion  of  this  ptienomcnon.  The  penetration  of  fatt/  particles  through  membranes 
rdeJ  09  one  of  the  points  which  ciinnot  be  eiplained  by  the  law5  of  end  us- 


-o  certain  experiments  on  absorption  iu  the  living  body,  to  whieh  a  great  deal 

oi  M-e  waa  attached  by  Lon^'et^  whieh  arc  seemingly  in  opposition  to  pbyaical 

Uv».     I  hi  9  aathor  states  that,  when  solutiona  of  sugar  of  different  densities  are  secured 

in  uolAted  portions  of  the  intestine  of  a  living  anijual,  the  denser  sidutiona  are  absorbed 

Willi  as  much  rapidity  as  those  whicb  arc  less  cooeentrattd.     He  also  showa  that  saline 

^eater  density  than  the  blood  are  abi^orbed  in  the  living  animal,  when, 

physical  laws,  the  current  should  take  place  in  the  opposite  direction.     The 

T'-  ^►sje  facts  are  in  opposition  to  physical  laws  is  very  successtnlly  controverted 

i  1  wards.     This  author,  referring  to  sotne  experiments  by  Von  Becker  in  sup- 

9i  ills  position,  as*erts  that  there  is  first  an  exosmosi^  of  the  watery  portions  of  the 

Ueod  to  these  dense  sohjtions,  with  a  feeble  penetration  of  the  solutions  iuti>  the  blood- 

ttml^  until,  by  the  laws  of  diffusion,  the  solutions  become  so  diluted  us  to  be  readily  taken 

'""  ■  '^Ff*  circulation.    Such  an  action  as  this  could  not  take  place  between  two  saline 

Its  in  an  end  osmometer,  for  both  the  currents  would  be  ctjual  when  the  liquids 

|ual  density;  but  it  has  been  sliown  that,  atlter  endosmosis  in  nnendosmome- 

d,  it  may  be  again  induced  by  simply  agitating  the  li<nnds.     In  physiological 

motion  ia  constant  and  very  rai»id,  and  solutions  in  their  passage  along  the 

1   i|  are  continually  exposed  to  fresh  nbi^orbing  surface?*.     Farthermore,  the 

:n»id  matters  of  the  blood,  which  are  very  slightly  exosmoiio^  will  attract  an  en- 

1 10  current  from  liquids  even  when  they  are  of  the  same  density.     The  kind  of 

^iescribed  by  Milne-Edwards  woold  be  by  no  means  an  isolated  example  of  a 

-in:^  out  of  the  hiood-veAsela  to  be  again  absorbed  after  it  has  acted  upon  mat- 

iv:d  in  the  alimentary  canal.     This  takes  place  with  all  the  digctitive  fluids; 

lid  is  cifused,  not  by  simple  exosraosis,  but  by  an  act  of  accretion  excited  by 

ion  raaiJe  upon  the  mucous  membrane,     We  are  not  justified,  therefore,  in 

nir,  with  Longer,  that  the  ahsorfjtion  of  solutions  of  greater  density  than  the  blood 

-^ ,.   J.J  9  in  opposition  to  the  laws  of  endosmosis, 

Tlnfl  imbibition  of  the  coloring  matter  of  the  bile  by  the  coats  of  the  gull-blailder 
iftir  ileatb,  while  nothing  of  the  kind  takes  place  during  life,  is  not  due  to  the  abs^ence 
flf  io-ealled  % ilal  aetion.  During  life,  the  cirmlfltion  in  the  mucous  membrane  of  tins 
w^rroir  would  readily  remove  the  few  particles  of  coloring  matter  wliich  mi^rbt  pene- 
trU«  frum  the  hile,  and  of  course  there  U  no  time  for  any  ciiloration  to  take  place. 

In  treating  of  the  vtiriations  and  modifications  of  absorption,  we  noted  an  apparent 

•'•^'fjve  power  in  the  mucous  membrane  of  some  portions  of  the  alimentary  canal.     This 

'rated  in  the  fiiilure  of  the  raucous  membrane  to  absorb  woorara  and  various  of 

..lUMml  poi^^ons,  which,  as  a  rule,  produce  their  effects  only  when  introduced  into  a 

V'fUnI  or  iiiict  ted  into  the  areolar  tissue.     The  separation  of  various  soluble  substanceBby 

■iis  may  throw  j^ome  lii-^ht  upon  this  subject,  but  as  yet  we  have 

-tnctory  exfdanation  of  this  ydienomenon.     Certain  of  th<^e  plie- 

h«>w  an  apparent  elective  pow^r  in  abnorbinj:  membranes  are  probably 

.  tji^n  resembling  i^ecretion  :  for  all  these  surfaces  are  covered  with  epithe- 

iiim,  which  miut  l>e  penetrated  before  the  fluids  can  get  to  the  blood-vessels.     But,  even 

rM.  -   .--.1  f0  f}^^  selection  of  materials  from  the  blood  to  form  secretions,  very  little  of 

anirter  IS  known. 

itio^  who  believe  that  absorption  is  often  modified  by  so-called  Tltnl  action  otfer  this 
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in  explanation  of  the  important  inflaence  of  the  nenrons  sjateiB  opoB  this  function.  Pro 
cisely  Low  the  nervous  aystem  ot}e<:t8  abaorption^  in  all  InstanceB,  it  is  inipossible,  in  ih<s 
present  atute  of  our  kouwledge,  to  (letermine ;  but  modifications  ore  frequently  etiVctcdJ 
through  the  sjnipfttlietic  nerves.  These  nerves^  as  is  well  known,  are  capable  of  pro 
duciug  important  local  changes  in  the  circulation,  and  can  even  temporarily  arrest  th€ 
eapillury  circulation  in  some  parts ;  and  it  is  in  this  way  that  many  of  the  variations 
absorption  may  be  produced. 

Lymph  and  ChyU, 

To  complete  the  history  of  physiological  absorption,  it  will  be  necessarj'  to  treat  of] 
the  origin,  compusitiou,  and  properties  of  the  lymph  and  chyle.     It  is  only  witliin  a  few  I 
years  that  phjaiologists  have  been  ablt?  to  appreciate  the  importance  of  ilie  )yraph,  for 
the  experiments  indicating  the-  enormous  quantity  of  this  liquid  which  is  continually 
passing  into  the  blood  are  of  recent  date.     The  earlier  experimenters  never  sncceeded  in 
obtiiining  more  than  a  small  quantity  of  tiuid  from  the  lymphatic  system.    On  the  other 
hand,  tor  the  long  period  during  which  it  was  supposed  that  all  the  products  of  dig^js- 
tiou  entered  the  system  by  the  thoracic  duct,  the  importance  of  the  chyle  was  njnel|:j 
exaggerated;  but  the  researchcB  upon  intestinal  absorption  by  Ms  gen  die  and  those  wbc 
followed  him,  and  the  experiments  of  €cdin  on  the  qnnntity  "of  fluid  whicfi  pngses  int<»l 
the  blood  by  the  thoracic  duct  during  the  intervaU  of  digestion,  have  enabled  pbys^iologistpj 
to  form  a  hctter  estimate  of  the  importance  of  the  lym|di  and  chyle.     In  studying  thol 
properties  of  these  fluids^,  the  consideratiun  of  tlie  lymph  naturally  precedes  that  of  tb*  j 
chyle,  m  the  latter  consis^ts  siraply  of  lymph,  to  which  certjiin  of  the  prodncts  of  diges- j 
tion  have  been  added  by  Qhsorption  from  the  ulimentary  canal. 

Mode  of  ohtmning  Lymph. — ^The  ohl  methods  of  obtaining  this  fluid  are  nn  k 
employed.  In  the  inferior  animals  recently  killed,  a  few  drops  may  be  obtained  by] 
pricking  the  lymphatic  glands  or  by  exposing  the  right  lymphatic  trunk  or  the  ihDracie 
duct  and  collecting  the  small  quantity  cd'  fluid  which  is  discharged  when  these  vessels  aro 
punetared.  Although  a  notable  quantity  of  chyle  can  be  obtained  from  the  thoracic  dncl 
of  an  animal  killed  during  intestinal  absorption,  it  is  difficult  to  collect  even  a  i^m a  11  quan- 
tity of  fluid  during  the  intervals  of  digestion.  Various  occasions  have  presented  them-  I 
selves  for  o!>taining  lympli,  possesHing  more  or  less  of  its  normal  characters,  from  tha 
human  subject  during  life;  but,  in  many  of  these  instances,  there  existed  some  pathologi- 
cal condition  of  the  lymphatic  system,  and  it  cannot  be  assumed  that  the  liquid  thoft] 
obtained  was  in  a  perfectly  healthy  condition. 

The  first  successful  experiments  in  which  the  lymph  and  chyle  were  obtained  in  qnan- I 
tity  were  made  by  Colin,  This  oh«ien*er»  in  operating  upon  large  animals,  particularly 
the  ruminants,  experienced  no  great  dirticultT  in  isolating  the  thoracic  duct  near  its  junc- 
tion with  the  subclavian  vein  and  introducing  a  metallic  tube  of  sutBcient  size  to  allow 
the  free  discharge  of  fluid.  These  experiments,  made  upon  horee^  and  the  larger  rumi- 
nants, were  the  first  to  give  any  clear  idea  of  tlie  quimtity  of  liquids  (lymph  and  chyle) 
which  pass  through  the  thoracic  duct.  In  an  observation  upon  a  cow  of  medium  ske»  he 
succeeded  in  collecting,  in  the  cour^sc  of  twelve  hours,  the  enormous  quantity  of  1(»5'3  lbs, 
av,  (47,J*fi^  grammes);  and  he  farther  states  that  a  very  much  greater  amount  can  be 
obtained  by  operating  upon  ruminants  of  larger  size.  Whether  this  represent  the  actnsl 
quantity  wldch  is  normally  dis^cbarged  into  the  venous  circulation,  is  a  question  which 
will  he  considered  under  the  head  of  tlie  probable  ♦innntity  of  lymjdj  and  chyle;  but  it 
certainly  sliows  that  tlie  lymph  cannot  but  be  regarded  as  one  of  the  most  important  of 
the  animal  fluids. 

Among  the  o1>servations  upon  the  fluids  discharged  from  the  thoracic  duct,  which 
folio weil  the  experiments  of  Colin,  the  most  interesting  are  those  made  in  1850,  by  Dal- 
ton,  who  operated  upon  carnivorous  as  well  as  herbivorous  animals.    Those  experiments 
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wem  perliDfftnet]  tipon  joang  goats  and  dogs,  und  the  genenil  reauka  with  regard  to  tbts 
^ptaatitf  vf  flttid§  discharged  closelr  corrt^spouded  with  those  ohtaiued  by  VoVm.  Tho 
nfterstioo  of  tnAkitig  tlic  tiftola  in  goats  U  not  verjr  difficult,  aU  that  is  n«ci?H»ary  bting 
to  eol  down  upou  tbei  mibclavion  yein  at  the  point  where  the  duct  empties  into  it,  and  to 
fii  In  it  m  labe  of  appropriiite  size  ;  but,  in  dogs,  the  vessels  are  more  deeply  situated^  uud 
Uie  upcr&ttre  pnwedure  16  tijuch  more  tedious.  This,  however^  is  the  only  way  in  which 
lymph  atid  chyle  can  be  obtained  from  the  lower  animiilt»  in  any  coDaiderable  quantity. 


Qvantiijif  qf  Lymph, — Although   the  experiments  just  defctcrihcd  miglit  at  first  seem 

tafficient  to  give  a  pretty  dear  idea  of  the  entire  ijuautity  of  lymph  disk-harged  into  the 

<«yst«in.  it  is  evident  that  the  conditions  of  the  circulation  uf  this  tluid  must  he  so 

ily  mocJified  by  tht>  establishment  of  a  tistul%  that  the  results  tlms  obtained  are  far 

bting  entirely  satisfactory.     lu   the  first  place,  Colin  found  that  the  canal,  at  it* 

to  with  tlie  subclavian  vein,  was  seldom  single;  and,  in  many  of  his  obst;rvationa 

ha  very  Inr^je  quantity  of  liquid  was  obtained,  there  were  several  v*?ssels  of  nearly 

«|ii^  size  emptying  into  the  venous  system.      In  the  experiment  to  which   we  have 

itlfcrred,  however,  the  opening  was  single ;  and  the  quantity  uf  duid  obtained  represented 

ill  diftt  passed  up  Uie  thoracic  duct  during  the  time  that  the  observation  was  continued, 

.Vi  We  fthoold  naturally  expect,  the  discharge  of  liquid  was  subject  to  certain  variations, 

itsmaxiniam  corresponding  with  the  perioil  of  greatest  activity  in  digestion  and  absorption. 

it  is  not  pOiisible  to  estimate  the  influence  of  the  unobstructed  discharge  of  lymph 

lod  chyle  by  a  fistulous  opening  upon  the  absolute  quantity   which  passes  out  of  the 

^smd;  and,  in  the  natural  course  of  the  circulation,  there  is  a  certain  amount  of  obstrac- 

U<ni  to  its  entrance  into  the  vein,  which  might  sensiJ*ly  retard  the  current* 

According  to  the  estimates  of  Dalton,  deduced  from  his  own  observations  upon  dogs 

ind  the  exponments  of  Colin  upon  horaeii?,  the  total  r|imntlty  of  lymph  and  chyle  pro- 

u  tho  twenty- four  hours  in  a  man  weighing  one  hundred  and  forty  pounds  is  from 

-IX  and  a  half  pounds,     And^  again,  reasoning  from  experiments  made  npon  dogs 

n  hour*  after  feeding,  when  the  fluid  which  passes  up  tlie  thoracic  duct  may  be 

•  to  be  pare,  unmixed  lymph,  the  total  qiinntity  of  lymph  alone,  produced  in  tho 

r-^nr  hours  by  a  man  of  ordinary  weight,  would  be  between  three  and  a  lialf  and 

f3'8lJ4  lbs.).     These  estimates  can  only  he  ncccpted  as  approximative,  and 

indicate  the  entire  quantity  of  lymph  nctually  c<mtained  in  the  organism. 

re  are  no  very  satisfactory  recent  researches  with  regard  to  the  physiological 

as  in  the  qnantity  of  lymf»h.     Collard  de  Martigny  made  a  series  of  elaborate 

.'tilions  a  number  of  years  ago,  with  regard  to  the  effects  of  starvation  upon  the 

I  ntion  and  tlic  quantity  of  the  lymph.     He  found  tiie  lymphatics  always  distended 

V '.»  M\i\  in  dogs  kilKd  after  two  days  of  total  deprivation  of  food.     This  condition  con- 

ti:jK<]  rhnini:  tin  ttr-t  week  of  starvation;  but,  after  that  time,  the  rjunotily  in  the  vea- 

•  U  „'nilij  (llv  diiuiiiUlied,  and,  a  \'i:\^  hours  betbre  death,  the  lymphatics  and  the  thoracic 

<i  .  t  were  nearly  empty.     In  comparing  the  quantity  of  titiid  in  tho  lymphatics  of  tho 

'  '  k  .hiring  digestion  and  absorption  with  the  qmintity  which  they  contained  soon  after 

'i';^>tion  WAS  completed,  the  same  observer  found  that^  while  digestion  and  absorption 

nt^rv  goin^  on  actively,  tho  vessels  of  the  neck  contained  scarcely  any  fluid;  but  the 

ifttaatity  gradaally  increased  after  these  processes  were  comideted. 

Prt^pertlftt  and  C<rmpotUian  of  Lymph, — Lymph  taken  from  the  vessels  in  various 
paruiaf  thr  ayf^tem,  cir  the  fluid  which  is  discharged  from  the  thoracic  duct  during  the 
tnlffvalpj  of  digestion,  is  either  perfectly  transparent  and  colorless  or  of  a  slightly  yellow- 
i^i  urgrecni*h  h«e,  Wlien  allowed  to  stand  for  n  short  time,  it  becomes  faintly  tingeti 
with  fed,  and  frequently  it  has  a  pale  rose-color  w  hen  first  discharged,  Miscroscopictd 
tximiaation  shows  that  this  reddish  color  is  dependent  upon  the  presence  of  a  few  blood- 
oofpoAoles^  which  are  entangled  in  the  clot  as  the  lymph  coagulates,  thus  acconnting  for 
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the  deepening  of  the  color  when  the  fluid  has  been  allowed  to  stand.  The  origin  of  thei 
red  corpuscles  has  long;  been  a  subject  of  discns^ion.  Their  constnnt  jfr^isvucL*  in  lympl 
or  chyle  <l]achai*,'ed  by  fistulous  ojieniJiga  \uia  led  to  the  opinion  thut  the/  are  oortnii 
constituents  of  thest-^  tl aids;  and  this  view  haa  beeu  adopted  without  reserve  by  £ho» 
who  assume  that  the  bluod-corfmseles  are  formed  from  the  white  curpuBclee,  or  leaco 
cjtes.  If  this  view  of  the  formation  of  the  corpusonlar  elements  of  the  blood  be  adopted 
there  ifl  no  good  reason  why  red  corpuscles  should  not  be  formed  frum  the  leueocvlcs  ii 
the  lymph  and  chyle  as  well  as  in  the  blood  itself;  jmrticularly  as  the  clear  tlujd  of  thi 
lymph  and  chyle  contains  nearly  all  the  principles  found  in  the  plasma  of  the  hlocnl.  CH 
the  other  hand,  many  physiologists  regard  the  presence  of  red  coqnm-les  as  always  accrf. 
dental;  and,  in  support  of  this  view,  Robin  brings  forward  the  fact  that  red  corpuscles  ar< 
never  found  in  iTuiph  taken  from  a  portion  of  a  vessel  included  between  two  liirntnrea, 
This  is  certainly  a  very  strong  argument  against  the  constant  and  normal  existence  of  re4 
corpuscles  in  the  lymph,  particularly  as  the  connection  between  the  lympImtlCB  aiid  th( 
blood*vessel^  is  very  close,  and  all  operations  upon  the  lympiiatic  system  involve  dig 
turbances  in  the  circulation.  There  is  no  positive  evidence  of  the  formation  of  red  cor- 
puscles from  the  leucocytes;  and,  if  it  be  the  fact  that  red  corpuscles  never  exist  in  lymph 
taken  from  a  i»ortion  of  a  lymphatic  vessel  included  between  two  ligatures,  it  is  fair  la 
assume  that  the  presence  of  these  corpascles  in  lymph  and  ihyle  is  accidental,  and  that 
they  are  always  derived  from  the  blood. 

Lymph  has  no  decided  or  characteristic  odor.  It  is  very  slightly  saline  in  tante,  being 
almost  insipid.  Its  specific  gravity  is  mucli  lower  than  that  of  the  blood,  Mngendie 
fonnd  the  specific  gravity  in  the  dog  to  be  about  1022.  Kobin  states  that  the  spec itio 
gravity  of  the  dcfibrinated  serum  of  lymjih  is  1000.  In  stme  recent  tmalyse>,  by 
t>fihnbar<lt,  of  tlic  lymph  taken  from  dilated  ves>els  in  the  leg,  in  the  human  sulject,  the 
specific  gravity  was  only  lOOT.  The  exceedingly  low  specific  gravity  in  the  last  instance 
would  ratlier  leud  to  the  opinion  that  the  tluid  was  not  entirely  nonnal.  The  drtficulty 
in  obtaining  this  tluid  in  a  perfectly  nonnul  condition  from  the  human  subject  has  ren- 
dered it  imiiossihle  to  ascertain  its  normal  specific  gravity,  even  approximatively ;  bnt  it 
evidently  possea^Jies  a  density  much  Inferior  to  that  of  the  blood.  The  reaction  of  the 
lympli  is  constantly  alkaline. 

A  few  minutes  after  discharge  from  the  vessels,  both  the  lymph  and  chyle  undergo 
spontaneous  coagulation.  According  to  Colin,  the  fluid  collected  from  the  thoracic  duct 
in  the  large  runnmints  coagulates  at  the  end  of  five,  ten,  or  twelve  minutes,  and  sets  into 
a  nja!«  having  exactly  the  form  of  the  vessel  in  which  it  is  contained.  VaYm  states  tlmt 
the  clot  is  tolerably  consistent,  but  that  there  is  never  any  spontaneous  separation  of 
flerum.  This  may  be  the  fact  with  regard  to  the  lymph  ami  the  chyle  of  the  large  rumi- 
nants, but,  in  the  observations  of  Dalton,  wlio  operated  upon  dogs  and  goats,  after  a  few 
hours'  exposure,  the  clot  contracted  to  about  half  its  original  siaie,  precisely  like  eoagti- 
lated  blooil,  expressing  a  considerable  quantity  of  serum.  In  one  instance,  in  the  dog.  the 
Tolume  of  serum,  after  twenty-four  hoars  ttf  repose,  was  about  twice  that  of  the  contract- 
ed clot.  Milne-Edwards,  quoting  from  an  unpublished  memoir  presented  by  Colin  to  tho 
Academy  of  Sciences,  in  1858,  states  that  tho  lympli  does  not  coagulate  in  the  ves$elB, 
even  wben  the  circulation  is  interrupted.  This  may  be  the  case  under  ordinary  condi- 
tions, when  the  vessels  are  simjily  tied ;  but  it  was  found  by  Fhindrin,  that  coagulation 
obstructed  the  tubes  which  he  introduced  into  the  thoracic  duct  so  completely  that  he 
wa.*»  able  to  obtain  but  a  small  quantity  of  fluid  ;  a  difficulty  which  is  also  mentioned  by 
Colin,  who  states  that  *' the  clearing  of  the  tube  rarely  suffices  to  reestalrll^h  the  flow,  for 
ih©  coa-^ulum  formed  in  tho  tube  is  prolonged  for  a  greater  or  less  distance  into  the  in- 
terior  of  the  thor/ieie  duct.*'  Coagwlati4>n  i>f  lymph  in  the  vessels  durru;:  life,  if  it  occur 
at  all,  must  be  exceedingly  infrequent,  notwithstanding  that  the  flow  of  lyujph  and  chyle 
ia  Tery  slow  and  irregular,  as  compared  with  the  circulation  of  the  bloody  and  is  snlject, 
probably,  to  frequeut  interruptions. 
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Altliciiigh  numerous  aaaly^es  have  been  made  of  Ijmpb  from  tbo  huTiiaQ  subject,  tbe 
eooilitionH  under  wbicb  tbo  fluid  bas  been  obtained  render  it  probable  tbat,  in  the  ma- 
jority at  insUitice^  it  was*  not  entirely  normal.  It  will  bo  necessary,  therefore^  to  com- 
ftat  ibtfee  analjsc^  witb  observations  made  upon  tbt?  Ijnupb  of  the  inl'erior  animals ;  ba, 
ill  tbe  Jftttrr,  IbU  fluid  hns  been  collected  under  conditions  wbieb  leave  no  doubt  as  to  ita 
oonnal  eii*r»iTtor,  In  the  experiments  of  Colin  especially,  the  tluids  tukcn  from  the  tho- 
f«icie  <1  inter%aUof  digestiou  umloulitedly  represented  tbo  norinal,  mixed 

Irmph  n  ncfirly  all  pivrts  of  the  body;  and  tbo  operative  procedure  in  the 

krge  ntniiDMits  is  so  simple  aa  to  priNluce  little  if  any  t,'oneral  disturbanco.  The  folb>w- 
ixif  ia  an  analysis  by  La^vMigne  of  apecimeos  of  lymph  cullectod  by  Colin  from  the  tliorucio 
doet  of  a  cow,  ttndcr  tbo  most  favorable  cooditioub  : 


Composition  of  Jjymph  from  a  Cow. 
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»n9  piven  in  the  table  arc  by  no  menn*!  invariable,  tbe  differences  in  coag"- 

iii;^  difierence^  in  the  proportion  of  librin,  and  tbe  degree  of  laeteacenoo 

''>]X  ^TiiHl  variations  in  tbe  amount  <»t'  fatty  matters.     The  table  muy  be  taken,  bow- 

■  v:\  1%  a  pretty  do&e  approximation  uf  the  average  composition  of  tbe  lymjdj  of  these 

aomittb,  i\unu^  tbe  internals  of  digestion. 

Thr  analy?*is  of  human  lymph  which  seems  to  be  tbe  most  reliable,  and  in  which  tbo 

^laid  wail  npi»arenUy  pure  and  normal,  is  that  of  Gnlder  and  Qu^vennc.     The  lymph, 

wan  rr»llected  by  I>e?<jardin9  from  a  female  who  suffered  from  a  varicose  dila- 

I  *  lymphatic  ves'>els  in  tho  anterior  and  superior  portion  f>f  tbe  left  tbiffh. 

!i  occitMonnlly  ruptured,  and  the  lymph  cmdd  then  be  obtained  in  consider* 

Ey.     When  an  openlntf  existed,  the  discharge  of  fluid  could  be  arrested  at  will 

Lij  Ui'im^  tho  trunk  apon  tho  thigh.     Gubler  .ind  Quevenne  made  elaborate  analysoa  of 

t^'  difTurcnt  specimens  of  the  fluid,  witb  the  following  results : 


Composition  of  Human  L}jmpJu 

first  final vsia. 
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llyUro^lcoholic   cjttraet   (coutHaiuing   sugar,   and   leaving, 
flHer  incineration,  chloride  of  sodium,  with  the  phoa- 
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Second  analjBlfii 

934*77 

0-fi3 
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Tht*  above  finalyses  show  a  much  larjrer  proportion  of  solid  constituents  than  was 
^HD^l  by  La*siiigne  in  tbe  lymph  of  tbe  cow.  This  excess  is  pretty  unitormty  dit^tributed 
lioul  all  the  constituents,  with  the  exception  of  tbo  fatty  matters  and  fibrin;  the 
.;„€.-  existing  largely  in  excess  in  the  human  lym[di^  eapccially  in  the  second  analysis, 
v^hUt  tbe  latter  issnmUer  in  tjnantity  than  in  the  lyinpb  of  the  cow.  It  is  evident,  bow- 
fttr,  from  a  compfirison  of  the  two  analyses  by  Gabler  and  Qa^venne,  that  the  compoa- 
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tion  of  tho  lynipli,  even  when  it  la  unmixed  with  chjle,  h  subject  to  great  vnriationa. 
The  caseous  matter  given  by  Gubler  and  Qu^venne  is  probably  equivali?nt  to  tho  albu- 
minous mutter  ui  uther  chembsts. 

The  distinctive  cbaraotera  of  the  different  principles  found  in  the  lymph  do  not  de- 
mand extended  consideration,  inasmuch  as  most  of  them  have  already  been  treated  of  in 
connection  with  the  blood.  In  comparing^  bowevefi  the  coraposition  of  the  lymph  with 
that  of  the  blood,  wo  are  at  once  fitruek  with  the  great  exoesa  of  solid  constituents  in  the 
l&tter  lluld. 

In  all  analyses,  except  those  of  Lh^'riticr,  the  organic  nitrogenized  compounds  have 
been  found  to  be  very  much  less  in  the  lyni[»h  than  in  the  hlooH,  This  is  generaDy  most 
marked  with  regard  to  the  eleinimts  of  fibrin;  hut,  as  before  stated,  the  proportion  of 
all  these  ingredients  is  qiiitu  variable.  On  jiccount  of  this  defidency,  lymph  is  much  infe- 
rior to  the  blood  in  coagulability,  and  the  coagulum,  when  it  is  formed,  is  soft  and  lia- 
ble. There  does  not  appear,  however,  to  bo  any  actual  ditierence  between  the  coagnlat^ 
ing  principles  of  tbe  lymph  and  of  the  blood. 

Fatty  mutters  bave  generally  been  found  more  abiiiidimtly  in  the  lymph  than  in  the 
blood ;  but  their  proportion  is  even  more  variable  than  that  of  the  albuminoid  substances, 
X^ry  iittlo  remains  to  be  said  concerning  tbe  ordinary  inorganic  conj^tituents  of  tli© 
lymph.  The  analyses  of  Dahnhordt  have  shown  that  nearly  if  not  all  of  the  inorganic 
matters  which  have  been  demonstrated  in  the  blood  are  contained  in  the  lymph ;  and 
even  a  small  proportion  of  iron  is  given  in  the  analyses  by  Gubler  and  Qu^ntnne. 

These  facts  indicate  a  remarkable  correspondence  between  the  composition  of  the 
lymph  and  that  of  the  bh»od.  All  of  tbe  constituents  of  the  blood,  except  die  red  cor- 
pusfka,  exist  in  the  lymph,  the  only  difference  being  in  their  relative  proportions. 

In  additiitn  to  the  constituents  of  the  lymph  ordinarily  given,  the  presence  of  {flncos^, 
and,  more  lately,  the  existence  of  a  certain  proportion  of  urea,  have  been  demonstrated 
in  this  fluid.    It  has  not  been  ascertained  how  tho  sugar  contained  in  the  lympli  takes  iti  « 
origin,  and  its  function  in  this  situation  is  etjually  obscure. 

I'he  presence  of  urea  in  considerable  qunntity  in  both  the  chyle  and  the  lymph  hflfl 
been  detennined  by  Wurtz;  and  it  is  thought  by  Bernard  that  the  lymjdi  is  the  pnncipal 
fluid,  if  not  tho  only  one,  by  which  thiis  excrementitious  substance  is  taken  up  from  the 
tissues*    Although  urea  always  exists  in  tho  blood,  its  quantity  is  leas  tlian  in  the  lymidi. 

Cor)>m€ular  ElemenU  of  the  Lffmjfh. — In 
every  part  of  tho  lymphatic  system,  in  addition 
to  a  few  very  minute  fatty  granules,  there  are 
found  certain  corpuscidar  elements  known  as 
the  lymph-corpuscles.  These  exis-t,  not  only  in 
tlie  dear  lymph,  but  in  the  opaque  fluid  con- 
tained in  the  lacteals  during  absorption.  They 
are  now  regarded  as  identical  with  the  color- 
less, globular  corpuscles  found  in  the  blood, 
known  under  the  name  of  white  blood-corpus- 
cles, or  leucocytes.  Although  these  bodiea 
have  been  pretty  fully  described  in  treating  of 
tho  corpuscular  elements  of  the  blood,  they 
present  some  pecnliarities  in  the  lymphatic  sys- 
tem, particularly  in  their  mode  of  development, 
which  dentand  consideration. 

The  leucocytes  found  in  the  lymph  and 
chyle  are  rather  less  uniform  in  size  and  gen- 
eral appearance  than  the  wldte  corpuscles  of 
the  blood.  Their  average  diameter  in  about  j^  of  an  inch  ;  but  some  are  largt^r.  and 
others  are  as  small  aa  y^^  of  an  inch.    Some  of  these  corpuscles  are  quite  clear  and 
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presenting  but  few  grnmnlntions  and  an  indistinct  noclear  uppeftranc©  in 
iSicIr  centre ;  but  others  nre  prauniar  and  quite  opaque.  They  present  the  same  udhi'sive 
eltarftcter  in  the  Ijmpb  that  we  have  noted  in  the  bloody  and  irequentjy  tlieir  aru  I'oiind 
enlk^ted  in  inoases  in  different  parts  of  Uie  Ijmptmtic  system.  Treat<?d  witii  acetic  aciil, 
fM  OOfpOicles  ^tjnernlljr  become  s^  oilen  and  are  rendered  very  tranifparent,  tbeu  pre- 
mtin^  from  rme  to  four  c»r  tire  nnclear  cuncretions  in  their  interior.  In  all  other  re- 
ir^-  <t<9  jireHent  the  same  ciiaracters  as  the  lencocytes  of  the  biood^  and  they 

li»-.  ^re,  be  fartlier  described, 

W©  iiji%»  already  nlluded  to  the  tact  that  the  lympjj -corpuscles  are  more  abundant  in 
thv  larger  than  in  the  smaller  vessels^  and  that  tliey  have  been   thought  to  be  particu- 
brlv  namorou!!  in  the  vessels  coming  from  the  lymphatic  glands.     It  is  neverthclet^H  true 
eorpn^<^le5  exi^t  eroo  in  the  smallest  vessels^  and  they  are  sometimes  quite  abundant 
lymph  which  has  not  pa-ssed  through  the  ghind*.     Theao  considerations  natundly  lend 
V  of  the  develojmieiil  of  leucQcytea  in  the  lymphatics,  as  well  as  in  the  ordi- 
.r  system,  particularly  as  the  constant  discharge  of  lymph  and  chyle  into  the 
^  renderi^  it  inure  than  probable  that  most  of  the  leucocytes  found  in  the 
rived  from  the  lympli. 
researches  of  Robin,  and  of  others,  by  whom  his  observations  have  been  some- 
cxtendedf  have  conclusively  demonstrated  tJiat  leucocytes  may  be  developed,  under 
oondJtioDs,  in  a  clear,  structureless  blastema,   without  the  intervention  of  any 
organ ;  and,  far  therm  ore,  it  is  not  necessary  that  the  blastema  should  be  en- 
dowl  in  any  system  of  vessels.     These  facts  refute  completely  the  idea  that  the  lymph- 
eorpus^  '  -rracd  exclusively  either  by  the  lymphatic  glands  or  by  the  walls  of  the 

tpBfliJi  ^.    Observation*  have  also  shown  that  leucocytes  exist  in  the  blood  of  the 

miifjim  before  any  lymphatic  vessels  can  bo  demonstrated ;    a  fact  which  shows  that 
ImiiM  laay  be  developed  dti  novo  in  the  blood-plasma. 

I  regards  the  lymph,  there  is  no  fluid  in  the  body  which  is  placed  under  conditions 
iiTOnible  to  the  development  of  leococytcs.     It  is  enclo-sed  in  a  system  of  vea- 
pOiStfiiny  extrenioly  thin  walls  and  undoubtedly  subjected  to  active  osmotic  cur- 
It  contains,  likewise^  a  considerable  ciuaiitity  of  coagulating  matters;  and  the 
(OR  of  these  priQciples  has  always  been  found  to  influence  the  nipidity  of  the  devel- 
^pBtn*  corpuscles.     Its  circulation  is  not  very  rapid,  and  the  obstacles  to  the 

wmiit  I  re  presented  in  the  lymphatic  glands  uDdoobtedly  give  time  for  the  per- 

Moo  or  the  structure  of  leucocytes.  It  is  in  this  way  that  tlie  increase  in  the  number 
Uococytcs  as  the  lymph  passes  from  the  periphery  to  the  larger  vessels^  and  especially 
tbe  fiuid  passes  through  the  glands,  can  be  explained. 

iho  fact  that  leucocytes  are  develo|>e(l  befure  the  lymphatic  system  malces  its 
ice,  that  they  are  found  in  lymph  which  has  never  jiassod  through  lyuiphatic 
iiud  from  obi^ervatiuns  shnwing  their  spontaneous  formation  in  an  amorphous 
Hwtwnn^  It  is  the  inevitable  conclusion  that  nearly  if  not  quite  all  of  the  lymph-cor- 
pides  arc  developed  by  genesis  in  the  dear  lymph -plasma,  and  that  their  devebqimcnt 
9M(Mi  as  the  tluid  circulates  toward  the  venous  system.  'With  regard  to  tlie  tnlluence 
«f  the  lymphatic  glands  upon  the  generation  of  leucocytes,  there  is  no  evidence  that  the 
ies  which  are  developed  in  the  course  of  the  lymph  through  these  organs  are  not 
^  if  elsewhere*  formed  wimply  from  tlie  blastt^ma ;  and  it  is  not  necessary  to  invoke 
ipf  '  '  itive  action  taking  place  in  tlio  peculiar  stractures  of  the  glands. 
Th-  <tf  the  lymph-corpuscles  is  obscure.   They  are  discharged  into  the  blood, 

ofwki  rm  a  constant  constituent.     Aside  from  the  hypothesis  that  they  are 

woctn  formation  of  the  red  blofid-disks,  no  definite  and  reasonable  theory  of 

th«Ir  iihywological  otHcc  has  been  proposed. 

la  addition  to  the  ordinary  leucocytes  and  a  certain  number  of  fatty  granules,  a  few 

clear  glohaks  or  grantdcs,  about  ^^^  of  an  inch  in  diameter,  called  sometimes 

are  almost  constantly  present  in  the  lymph.    These  are  insoluble  in  ether  and 
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acetic  acid,  bat  are  dissolved  hj  ammonia.  Thej  aro  regarded  bj  Robin  as  a  variety  of 
leacocytcfl  and  are  described  by  bim  as  tree  riicleL  They  make  their  api>earaDce  in  the 
blastema  before  the  larger  leucocytes  are  developcrl. 

Origin  and  Funetion  of  the  Lymph. — There  can  hardly  be  any  duubt  concerning  the 
eouroe  of  most  of  the  liquid  portions  of  i\\t  lyroph^  for  they  can  be  derived  only  IVom  th* 
blood.  Although  the  exact  relatiuns  bftweeii  the  smallest  lymphatics  and  tht  blood- 
vesseb  have  not  been  made  out  in  all  parts  of  the  sYstcni^  thert*  is  manifciitly  no  ana- 
tomical  ron-son  why  the  watur,  mixed  with  albuminoid  matters  and  holding  salts  in  s*ilu- 
tioij*  sliouM  Hut  pass  from  the  hlond  into  the  lympliatics;  and  this  is  rendered  nearly 
eerta'm  if  it  can  be  demonstrated  that  the  lyin[dnitics  partly  or  entirely  surround  mai»y 
of  tlie  hloodressieliA^  for,  under  these  circumstances,  endosinolic  and  esosmotic  currents 
Moidd  inevitably  take  place.  We  have  seen^  in  comparing  the  composition  of  the  lymph 
with  that  of  the  plasma  of  tlie  bloody  that  the  constituents  of  these  fluids  :ire  nearly  if 
not  quite  identical  J  the  only  variations  being  in  their  relative  proportions,  Tiiis  is  an- 
other strong  argument  in  favor  of  tEie  passage  of  most  of  the  coiistituentB  of  the  blood 
into  the  lymph. 

One  of  tlie  most  important  physiologicaJ  facts  in  the  chemicid  liii^tnry  of  the  lymph  is 
the  constant  existence  of  a  considerable  jtroportion  of  urea.  Tbis  cannot  be  derivtHl  from 
the  bkiod,  for  its  proportion  is  greater  in  the  lympb,  notwithstanding  that  this  6uid  i« 
being  constantly  discharged  into  the  blood-vessels.  The  nren  which  exists  in  tlie  lyuiph 
is  derived  from  the  tissues;  it  is  discharged  then  into  the  bloody  and  is  constaDlly  b«itig 
removed  from  tbis  tlnid  by  tlie  kidneys. 

The  positive  facts  ujion  which  to  base  any  precise  ideas  with  regard  to  tlie  gCDeml 
function  of  the  lymph  are  not  very  numerous.     From  the  composition  of  tliis  tluid»  it* 
mode  of  circulation,  and  the  fact  that  it  \^  being  constantly  discharged  into  the  blood,  it 
would  not  seem  to  have  an  important  t unction  in  the  active  jtrocesses  of  nutrition.     The 
experiments  of  Colhird  de  Martigny  snstiun  this  view,  inasmuch  as  the  quantilv  and  tb© 
proportion  of  solid  constitnents  of  the  lymph  were  rather  increased  than  diminished  in 
animals  that  had  been  deprived  of  food  and  drink  for  several  days;  while  it  is  well  kBown  \ 
that  starvation  always  inipoverishes  tlio  bhiod  from  the  first.     Un  the  other  hand,  nrca,  [ 
one  of  the  most  important  of  the  product**  of  dchtructive  mettimoqdiosis  of  the  tlssuea,  ii  ' 
undoubtedly  taken  up  by  the  lymph  and  conveyed  in  this  tluid  to  I  ho  blood.     It  re- 
mains now  for  future  investigations  to  determine  whether  other  excremcntitious  princi- 
ples may  nnt  lie  taken  up  IVom  the  tissues  in  tiie  same  way — ^a  question  of  great  importance 
ID  its  relations  to  the  mechanism  of  excretion. 

What  m  picisitively  known  with  regard  to  the  functions  of  the  lymph  may  be  ^mmcd  j 
up  in  a  very  few  words:  A  great  part  of  its  constituents  is  evidently  derived  from  ihol 
blood,  and  the  relations  of  these  principles  to  nutrition  are  not  understood.  The  Bam<» 
may  be  said  of  su^ar,  also  a  constant  Ci*nstituent  of  the  lymph,  the  origin  of  which,  even, 
is  not  known.  Urea  and,  perhaps,  other  excrementitious  matters  are  taken  np  from  the 
tissues  by  the  lymph,  and  are  discharged  into  the  blood,  to  be  removed  by  the  appropriate 
organs  froiu  the  system, 

TVliile  tbe  bloo^l  is  evidently  the  great  nutritive  fluid  f>f  the  body,  being  constantly 
regenerated  and  purified  by  the  nbsoij>tion  of  nutritive  matters,  by  respiration,  and  by  the 
action  of  excreting  organs,  the  lymph  Las  an  important  function  in  removing  from  tlic 
tissues  aome,  at  least,  of  the  products  of  pbysiological  decay  of  the  organism. 


Chyk, 

During  the  intervals  of  digestion,  the  intestinal  lymphatics  and  the  Thoracic  duct  carry 

ordinary  lymph  ;  but,  as  soon  as  absorption  of  alimentary  matters  begins,  certain  nutritive 

principles  are  taken  np  in  ♦luantity  by  these  vessels,  and  their  contents  are  now  known 

tuider  the  name  of  chyle.     But  little  remains  to  be  said  concerning  this  fluid,  as  wc  have 
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fally  tlie  composition  aod  properties  of  tbe  lymph  as  well  us  the  different 
^cs  taken  ap  by  the  bcteaJ  vessels  whiclj,  with  the  lyiiiph,  form  the  chyle.     Some 
.ciiT.oi  cofisideratiauss  however,  remain  concerning  the  composition  and  j»rt> parties  of 
the  chyle  ns  n  distinct  fluid. 

In  ibe  huiiittU  snhjoct  and  in  carnivorous  animals  the  chyle,  taken  from  tli<j  hicteala 
near  the  intestine,  where  it  13  nearly  pure,  or  from  the  thoracic  duct,  when  it  ia  iriixed 
ir  '  is  a  white,  opaque,  milky  tluid,  of  a  slightly  saline  tas^te,  and  an  odor  which 

_  h  '  r.emhle  tliat  of  the  s^men*     T!ie  odor  is  also  said  to  he  characteristic  of  the 

^BimiLl  trom  which  the  tinid  i^  taken ;  alttiough  thii^  is  not  very  marked^  except  on  the 
P^W(t3on  of  a  concentrated  acid,  the  process  employed  hy  Barreul  to  develo[i  tlie  charae- 
I  teiiittc  odor  in  the  tluids  from  ditferent  animals.  Houii^on  has  found  that  the  peculiar 
I  Oder  oflhc  dog  was  thus  developed  in  fresh  chyle  taken  from  the  thoracic  duet. 
I  The  chyle  taken  from  a  tistula  into  the  tlioracic  duct  is  frequently  of  a  more  or  Jess 
ml  it  haii  been  a  question  whether  this  l>e  due  to  u  peculiar  coloring  matter  or 
iw^ntal  presence  of  a  few  red  blood-corpuscles.  Colin,  whose  exi*erimentB  in 
ryle  from  living!  aiiimak  hav  e  heen  very  numerous  and  successful,  as^sumes  that 
fion  is  always  due  to  hlood-corpusclos  coming  from  the  subclavian  vein;  tht> 
at  lht>  urtfice  of  the  thoracic  duct  not  being  always  sufficient  to  ]>rovent  regurgita- 
Ile  baa  never  found  blood  in  the  fluid  t^iken  from  the  mesenteric  ve*iselH  or  the 
uhim  chyli,  and  he  states,  farthermore,  that  the  chyle  from  these  ve^isels  never 
kes  colored  under  the  influence  of  the  air  or  of  oxygen, 

I  reaction  of  the  chyle  is  either  alkaline  or  neutrah    Dalton  noted  an  alkaline  re- 
in in  the  chyle  of  the  goat  and  of  the  dog;  and  a  specimen  i>f  chvle  taken  from  a 
iiittl  immediately  alter  execution,  examined  by  Rees,  was  neiUrah     Leuret  and  Las- 
Obtivlned  the  iSuid  from  the  reeet»t:\euliiui  cliyli  in  a  man  that  had  died  of  cerebral 
ion,  and  found  it^  reaction  hi  be  alkaline. 
B})ectfic  gravity  of  the  chyle  ia  always  less  than  that  of  the  bloo<l ;  but  it  is  very 
I  depend**  upon  the  quidity  of  the  focnl  and  ])articuhirly  ufjon  the  quantity  of 
-ted.     Lassaigne  found  the  specific  gravity  of  a  specimen  of  pure  chyle  taken 
nteric  lactenls  of  a  bull  to  bo  1013,  and  the  specific  gravity  of  the  specimen 
le  examined  by  Kees  was  1024. 
differences  in  the  appearance  of  the  chyle  in  different  flnimals  depend  chiefly  uiion 
Colin  found  it  exccstsively  milky  in  the  carnivora,  e*^peciully  after  faU  had  been 
In  quantity:  while,  in  doga  that  were  nourished  with  articles  contjiining  but  little 
Apficarance  was  hardly  lactescent.     Tiedemann  and  Gmel'm  found  the  chyle  almost 
it  in  herbivora  fed  with  hay  or  straw.     They  also  observed  the  fact  that  the 
was  nenHy  transparent  in  dogs  led  with  liqiiid  albumen,  fibrin,  gehitine,  starch,  and 
irhtlc  it  was  white  in  the  same  animals  fed  with  milk,  meat,  hones,  etc. 
It  r-  Ii3  to  give  even  an  approximative  estimate  of  the  entire  qunntity  of  pure 

V  the  lacteal  vessels**     When  it  finds  it^  way  into  the  thoracic  duct,  it  is 
immediately  with  all  the  lymph  from  tlie  lower  extremities ;  and  the  immense 
of  liuid  wliich  have  been  collected  froia  this  vessel  by  Colin  and  otliePs  give 
of  the  tjnantity  of  chyle  absorbed  from  the  intestinal  canal.    AVe  cannot,  tlierefore, 
ipl  t«»  give  even  an  approximate  estimate  of  the  absolute  quantity  of  chyle ;  l>«t  It  is 
It  that  this  is  variable,  depending  upon  the  nature  of  the  food  and  the  quantity  of 
|llige-4tcd< 

the  lymph,  the  chyle,  when  removed  from  the  vesisels,  speedily  undergoes  coagn* 

ns  of  the  fluid  vary  very  much  as  regnrds  the  rapidity  with 

uice.     The  contents  of  the  tbor.icic  duct  taken  from  the  inferior 

If  generally  coagulate  in  a  few  minutes*.     The  first  portion  of  the  fluid  collected 

I  the  hnmnn  subject  by  Dr.  Rees  (tlie  chyle  w^as  collected  in  this  case  in  two  portions) 

CQiftllAtrd  lo  an  hoar.     Received  into  an  ordinary  glass  vessel,  the  chyle  generally  sepa- 

«iU»  mors  or  le^  completely  after  coagulation  into  clot  and  serum,  the  density  and  size 
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of  the  clot  indicating  the  proportion  of  fibrin.    The  serum  which  thus  separates  ij  quit^ 
variable  in  quantity  and  i.s  never  clear.     Itt*  ruilkinesfs  does  not  depend  entirely  upon  ih^ 
presence  of  particles  of  emidaitied  fat,  and  it  ia  not  rendered  transparent  by  ether.    It  cun 
tains,  ill  addition  to  thes^e  particles,  numerous  leucocytes  and  organic  granules. 

Kumeroua  oh^rvatlons  have  been  made  with  reference  to  the  influence  of  difTercnlJ 
kinds  of  food  upon  the  chvle ;  but  these  have  not  been  followed  by  any  definite  resulti 
that  can  be  applied  to  the  human  subject  It  is  usual  to  find  the  eh  vie  fluid  in  the  lac- 
teals  and  in  the  thoracic  duet  for  many  liours  after  death  ;  but  it  soon  coagulates  after  ex- 
posure to  the  air.  Although  the  entire  lacteal  system  is  sometimes  founds  in  the  buma 
subject  and  in  the  inferior  animals^  tilled  with  perfectly  opaque^  coagulated  chyle^  th« 
fluid  does  not  often  ooagolate  in  the  vessels* 

CifmpoitUion  of  the  Chyle. — Analyses  of  the  milky  fluid  taken  from  the  thoracio  duo 
during  full  digestion  by  no  means  represent  the  composition  of  pure  ciiyle  ;  and  it  is  only] 
by  colle*  tinj^'  the  tluid  from  the  mesenteric  lacteals,  that  it  can  bo  obtained  without  i 
very  large  admixture  of  lymph.     In  the  human  subject^  it  is  rare  even  to  have  an  oppuP-l 
tunily  of  taking  the  fluid  frum  the  thoracic  duct  m  cases  of  tudden  death  during  dige» 
tiou  ;  and,  in  most  of  the  inferior  auimids  which  have  been  operated  upon^  it  is  difticuU  tol 
obtain  lluid  from  the  small  lact*;ajs  in  quantity  siitHcient  fur  accurate  analysis.     In  opcr"!^ 
ating  upon  tlie  ox^  however,  Colin  has  succeeded  in  collecting  pure  chyle  in  cousideri 
ble  quantity. 

The  most  complete  analysis  of  chyle  from  the  human  subject  is  given  by  Dr.  ReeiL  j 
The  fluid  was  taken  from  the  thoraeie  duct  of  a  vigorous  man,  a  little  nmre  than  an  hou 
after  his  cxeeution  by  hanging.    The  subject  was  api>!irei)tly  in  j>erteet  health  up  to  th€ 
moment  of  his  death.     The  evening  before^  he  ate  two  ounc^js  of  bread  and  four  ouucc^| 
of  meat.     At  seven  o'clock  a.  ivi.,  precisely  one  hour  before  death,  he  took  two  cups  uf 
tea  and  a  piece  of  toast ;  and  he  drank  a  glass  of  wine  just  befure  mounting  the  &eatfohl.l 
When  the  dissection  was  made,  the  t>ody  was  yet  \varm,  although  the  weuther  was  quite ^ 
cold.    The  tlioracic  duct  was  rapidly  exposed  and  divided,  and  about  six  fluidrachms  of 
milky  cfiyle  were  collected.    The  fluid  was  neutral  and  had  a  specific  gravity  of  102i.  , 
The  following  was  its  proximate  composition  : 

Composition  of  Human    Chyle  from  the  TJioracic  I>uc(, 

Wator.. ., , ''tM  4 

Albumen^  with  traces  of  fIbHfious  matter. 

Aqueous  cxtrnctive, 

AK'oholic  <»xiriictivo,  or  osmajioinG, , 

Alkaline  ehkiriclcs,  carbonates,  aad  sulphates^  with  trices  of  alkaline  phoEphatc^ 

aiiil  oxides  of  iron , 4'1 

Fatty  matters ; V*2 

!  ,000*0 


Of  the  constjtnents  of  the  chyle  not  given  in  the  ordinary  aoalyses,  the  most  impor*  j 
tant  are  the  urea,  which,  in  all  probaldlity,  is  derived  exeluyively  from  the  lymph,  and  J 
au^mr,  coming  from  the  saccharine  and  amylaceous  articles  of  food  during  the  digefttiori  i 
of  these  principles. 

Tiie  difference  in  chemical  composition  between  the  unmixed  lympli  and  the  chyle  10 
very  well  illustrated  in  a  con»parative  examination  of  thCvHe  two  fluids  taken  frum  a  don-  fl 
key.     The  fluids  were  coUectod  by  Mr.  Lane»  the  chvle  being  taken  from  the  lacteali  ™ 
before  reaching  the  thoracic  duct.    The  animal  wa»  killed  seven  hours  after  a  fufl  meal 
of  oats  and  beans.    The  following  aualjaes  of  the  tiuids  were  made  by  IM%  Kees : 
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of  Chyle  (t7iif  j^i/Ntph  htfnre  rcachinfj  the   Ihorai'tr  J/u^ 


'  Water, 
Albuminoui  ituittCT . 

Fibriiiifiu  tnAttt-r, •  • « . 

Amm«l  cjtractiTf  uuincr  doltibleln  wfntet  and  nlcohul, . 
AfUoMl  extr»cUre  matter  tolubk:  in  water  onT; 

Pitt  J  UMSUT . .    ,         .    

gj.     I  Alkalitie  chlorides,   sulptutes,   and  caf boutttci*,   with  l 
i     tnusoi  of  Alkikliti«  phoBpb&tes,  oatide  of  iron. f  " 


Chyk. 

Lyrojih. 

9UiS'3T 

1^(15*36 

a^'lft 

12  00 

8-70 

1  20 

3*83 

2'40 

12-88 

1310 

3001 

a  trace 

7  11 

G'85 

i,(X)O'0o       i,ooo*oo 


jTbc  ftbove  Boalyses?  show  a  very  marked  difference  In  the  proportion  of  solid  constitu- 

tf»o  two  fluids.     The  chyle  contains  aUout  the  same  proportion  of  albumen 

I  us  the  lymph,  ^rith  a  much  larj;er  proportion  of  salta.     The  proportion  of  fatty 

tt«r»  ifl  the  i^hyle  is  very  great,  while  in  the  lymph  there  exists  only  a  trace.    Thtj 

t_i»j»alitntint9  of  the  chyle  givK^a  in  the  above  tablea  do  not  demand  any 

deration  than  they  have  already  received  under  the  head  of  lymph.    The* 

rs  are  in  part  derived  from  the  food,  and  in  part  from  the  blood,  through 

ti#idi  rho  chylo  with  lymph.    The  fatty  matters  are  derived  in  irreatest  pait 

the  Umd.     As  far  as  has  been  fliioortained  by  analysed  of  the  clivle  for  salts,  this 

hail   been  found  t<)  contain    essentially  the   same    inorganic   constituents   m  the 

tof  the  blood*     All  of  these  principles  are  rapidly  poured  into  the  blood*  where 

it  m  supplying  the  material  which  U  being  constantly  consumed  in  the  process 

ftotrition. 

*  This  pn-stnce  of  sugar  in  the  chyle  was  fir?it  mentioned  by  Brande,  who  described 
jh<»w«iVAr.  rather  indefinitely.     Glucose   was  distinctly  recognized  in  the  chyle  by 
^  existence  in  many  of  the  higher  orders  of  animals  has  since  been  folly 
bib  lin. 

Ukroatopieal  Charaeten  of  ths  ChyU, — The  milky  appearance  of  the  chyle  as  con- 
SsiiUd  with  the  lymph  is  due  to  the  presence  of  an  immense  number  of  excessively 
iOBOti  Catty  grannies.  The  lii]nid  becomes  much  less  opaque  when  treated  with  ether^ 
»ki^  dLftKilves  many  of  the  fatty  particles.  In  fact,  the  chyle  of  the  tlioracic  duct  is 
iptMof  more  than  lymph  to  which  an  emulsion  of  fat  in  a  liquid  containing  albuminoid 
Bultin  and  salts  is  temporarily  added  during  the  process  of  intestinal  absorption.  The 
fBiUty  of  Catty  granules  in  the  ohyle  varies  considerably  with  the  diet,  and  it  generally 
iBuiiiihes  progressively  from  the  smaller  to  the  larger  vessels,  on  account  of  the  eon* 
ttuil  admixture  of  lymph.  The  size  of  the  granules  is  pretty  uniformly  from  jxirni  ^ 
nfif  of  an  inch.  They  are  much  smaller  and  more  uniform  in  size  in  the  lacteals  than 
biUio  cavity  of  the  intestine.  Their  constitution  is  not  constant;  and  they  are  com- 
jw^id  af  the  different  varieties  of  fat  which  arc  taken  as  food,  mingled  together  in  varia- 
^  proportiona. 

The  qrdimiry  corpuscular  elements  of  the  lymph  (l^^^^ocytes  and  globulins)  are  also 
I  In  rariable  quantity  in  the  chyle.    These  have  already  been  fully  considered. 

Momnunta  of  th&  Jjymph  and  the  Chyle. 

'  Ciimpared  with  the  etirrent  of  blood,  the  movements  of  the  lymph  and  chyle  are 

Mo  and  irreguhiT ;  and  the  character  of  tliese  movements  la  such  that  they  arc  cvi- 

tl#utlf  due  to  a  variety  of  causes.    As  regards  those  elements  which  are  derived  directly 

'   mph  may  be  said  to  undergo  a  true  circulation ;  inasmuch  as  there 

on  at  the  peripheral  portion  of  the  vascular  system,  of  ti aids  which 

»f#Larticd  iu  the  circulating  blood  by  the  commonications  of  the  lymphatic  system 
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with  the  great  yeins.    But  we  have  seen  tliat  the  lyrnpli  is  not  derived  eatirelj  tnmi 

the  bloody  a  considerable  portion  resulting  from  interstitial  absorption  in  the  general  lym- 
phatic system  and  from  the  absorption  of  cert^nn  nutritive  matters  bj  the  chvUferous 
vesaeb.  These  are,  physiologically^  the  most  important  constituents  of  the  lynipb  and 
chyle ;  and  they  are  taken  np  simply  to  be  carried  to  the  blood  and  do  not  paea  again 
ft-om  the  general  vascular  system  into  the  lymphatics,   * 

As  far  as  the  mode  of  origin  of  the  lyraph  and  chyle  has  any  btaring  upon  the  mov<? 
ments  of  these  fluids  in  the  lymi*hatic  vessels,  there  is  no  difference  between  ilie  imbibi- 
tion of  new  materials  from  the  tissues  or  from  tfie  intestintd  canal^  and  the  transndatifiD 
of  the  UquEd  portions  of  the  blood;  for  the  mechanism  of  the  passage  of  liqaids  from  tlie 
blood-vessels  is  such  that  the  motive  power  of  the  blood  cannot  be  felt.  An  illustration 
of  this  is  in  the  mechanism  of  the  transudation  of  the  liquid  portions  of  the  secretions. 
The  force  with  which  fluids  are  discharged  into  the  ducts  of  the  glands  is  enormons  and 
is  independent  of  the  action  of  the  heart,  beiug  due  entirely  to  the  force  of  transudation 
and  secretion.  This  is  combined  with  the  force  of  imbibition,  and  with  it  forms  one  of 
the  important  agents  in  the  movements  of  the  lymph  and  chyle.  These  movements  are 
Btudied  with  great  difficulty.  One  of  the  first  peculiarities  to  be  observed  is,  that,  under 
normal  conditions,  tlie  vessels  are  seldom  distended,  and  the  quantity  of  fluid  which  ihey 
contdn  is  subject  to  considerable  variation*  As  far  as  the  flow  in  the  vessels  of  medium 
size  is  concerned,  the  movement  is  probably  continuous,  subject  only  to  certain  moment- 
ary obstructions  or  accelerations  from  various  causes.  But,  in  the  largo  vessels  situated 
near  the  thorax  and  in  those  within  the  chest,  the  moveiuents  are  in  a  marked  degree 
remittent,  or  they  may  even  be  intermittent.  All  experimenters  who  have  observed  the 
flo%v  of  lymph  or  chyle  from  a  fistula  into  the  thoracic  duct  have  noted  a  constanl 
acceleration  with  each  act  of  expiration^  and  an  impulse  synchronous  with  the  pulsa- 
tions of  the  heart  has  been  frequently  observed* 

The  fact  that  the  lymphatic  system  is  never  distended,  and  the  existence  of  thi» 
numerous  valves  by  which  different  portions  may  become  isolated,  render  it  impossible 
to  estimate  the  general  pressure  of  fluid  in  these  vessels.  This  is  undoubtedly  subject  to 
great  variations  in  the  same  vessels  at  diflx;rent  times,  as  well  as  in  different  parts  of  the 
lymphatic  system.  It  is  well  known,  for  example^  that  the  amount  of  distention  of  the 
thoracic  duct  is  exceedingly  variable,  its  capacity  not  infrequently  being  many  times 
increased  during  active  absorption.  At  the  same  time  it  is  diflicult  to  attach  a  inanumeter 
to  any  part  of  the  lymphatic  system  without  seriously  obstructing  the  circulation  and 
consequently  exaggerating  the  normal  pressure  ;  but  the  force  with  which  liquids  pene- 
trate these  vessels  is  very  great.  This  is  illustrated  by  the  experiment  of  ligating  the 
thoracic  duct;  for,  after  this  operation,  unless  communicating  vessels  exist  by  which  the 
fluid**  cnn  be  discharged  into  the  venous  system,  their  accumulation  is  frequently  suifi- 
cient  to  rupture  the  vessel. 

The  general  rapidity  of  the  current  in  the  lymphatic  Tessels  has  never  been  accurate- 
ly eBtimatod.  As  a  natural  conse<iuence  of  the  variations  in  the  distention  of  these  ves- 
sels, the  rapidity  of  the  circulation  must  be  subject  to  constant  modifications.  Beclard, 
making  his  calculation  from  the  experiments  of  Colin,  who  noted  the  quantity  of  fluid 
discharged  in  a  given  time  from  fistulous  openings  into  the  thoracic  dtjct,  estimates  that 
the  rapidity  of  the  flow  in  this  vessel  is  about  one  inch  per  second.  This  estimate^  how- 
ever, can  be  only  approximative ;  and  it  is  evident  that  the  flow  must  be  much  less  rapid 
in  the  vessels  near  the  periphery  than  in  the  large  trunks^  as  the  liquid  moves  in  a  space 
which  becomes  rapidly  contracted  as  it  approaches  the  openings  into  the  renotis  systenL 

Causes  of  the  Movements  of  the  Lymph  and  Ch^U. 

Yarious  influencofl  combine  to  produce  the  movements  of  fluids  in  the  lymphatic  ( 
tem,  some  being  constant  in  ttieir  operation,  and  others,  intermittent  or  oceanic 
These  will  be  considered,  as  nearly  as  possible,  in  the  order  of  their  relati^^e  importaao^i 
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I^fUumM  q/*  iki  Forcm  of  Endmmo$it  and  Ttammlathn  (cw  a  Urgo), — The  forceft 

of  isikdfMBoaia  mid  iransadatiou  are  aatloubtedly  the  mivm  causes  of  tho  ijiDphatic  circu- 

more  or  less  modified,  however,  by  inrtuences  which  may  aceeiernle  or  reUni 

I  OttTftm ;  but  this  HCtioa  is  cajmblo  in  itself  of  produclug  the  regular  rnovomeiil  of 

Ijinpli  find  eiijle.     It  La  a  force  whieb  u  in  eon.^tuiit  aotivily,  a^  i^  eetm  ijj  cases  of 

fttion  ol  the  thorucio  duct,  an  operation  which  mti&t  finaUy  abolish  all  other  forces 

fhMfh  aid  in  pnxiucing  the  Ij-niphatic  circulaiiou.     When  the  receptueulum  chyli  is  nip- 

^  a  consequence  of  obstruction  of  tho  thoracic  duct,  tlie  vessel  givea  way  ai*  the 

\  of  th*  consiani  eudosmotio  action^  in  the  same  way  that  the  exposed  membrane* 

\  egg  may  be  rtjptn red  by  endosmojsis,  when  immersed  in  water. 

Vft  lisvo  already  alluded  to  the  intluence  of  trausudotlon  from  tho  blood-vesseU  and 

|¥0  compared  it  to  the  force  with  which  the  secretions  nre  dischariied  into  the  ducts  of 

Igliadfl ;  and  in  placing  this,  with  the  force  of  endosmosis.  at  the  head  of  tlje  list  of  the 

tSaolB  which  effect  the  lymphatic  circulation^  its  importance  is  not  over-estimuied.    This 

eoodiulon  can  hardly  be  avoided  when  we  consider  the  anatomy  of  the  lymphatic  ftya- 

Iwn-     The  sitoations  in  which  tho  endogmotio  force  originates  are  at  the  periidiery,  wiiere 

^  "^-    homogeneous  wall  of  the  plexus  is  excessively  thin,  and  where  the  extent  of 

surface  is  enormous.     If  liquids  can  penetrate  with  &nch  rapidity  and  force 

ir  j'i^  .  :'n?  \val!s  of  the  blood-vessels,  where  their  eutrance  is  opposed  by  the  pressure 

th«.  I'ji  L-  already  in  their  interior,  they  certainly  must  pass  without  difficulty  through 

be  wifcJls  ♦»£  the  lymphatics,  where  there  is  no  lateral  pressure  to  oppose  their  entrance, 

teept  that  produced  by  tho  weight  of  the  colainn  of  liquid.     This  pressure  is  readily 

omc ;  and  the  nnmeroufl  valves  in  tho  lyrophatie  system  eii'eetually  prevent  any 

rafd  current.     The  liquid  that  pfmses  into  the  lynjphatica  by  endosmosis  or  by 

•tion  produces  moToment  by  displacing  an  equal  bulk  of  liquid  contained  in  the 

eL    We  observe  with  the  microscope  t!ie  rapid  filling  and  ruptnro  of  microscopic 

when  immersed  in  water;  and  the  rough  experiments  by  which  the  operation  of 

sis  is  ordinarily  illustrated^  in  which  the  extent  of  endosmotic  surface  is  infiuite- 

t  fta  compared  with  that  of  the  lymphatic  system,  exhibit  a  current  of  considerable 

I  «nd  rapidity.     When  we  reitiember  that  the  Infinitely  numerous  lymphatic  radicles 

» t»0iho<l  in  fluids  which  undoubtedly  pass  into  their  interior  with  great  facility,  and 

Itien  wn  compare  U»c  probable  extent  of  this  endosmotic  surface  with  the  diameter  of  tho 

''oct,  we  can  hardly  be  surprised  that  this  force  should  be  capable  of  producing  a 

in  tho  great  trunk  at  the  rate  of  an  inch  per  second.     The  great  elasticity  of 

1^  and  the  fact  that  they  are  never  completely  filled  allow  of  coimderable  dis- 

t«itj.ja  ijf  isolnted  portionR  of  the  lymphatic  system  when  there  is  any  obstruction  to  iho 

t^nn*  je.    In  this  way  we  account  for  the  variations  in  tho 

fl'^  11  are  of  such  constant  occurrence. 

i^fiu0nee  ^f  the  C^mfrft^tii^  WalU  of  the  Veueli.^lti  treating  of  the  an.itomy  of  the 
lyvqibttic  ly  been  observed  that  the  large  vessels  and  those  of  me- 

^onidibe.i  mstriped  muscular  fibres  and  are  endowed  with  contractil- 

ity- This  fact  Uhb  been  demonstrated  by  physiological  as  well  as  anatomical  investiga- 
*Mffl«,  Hcdard  fttatea  that  he  ha-*  often  prodiieed  contractions  of  the  thoracic  duct  by 
iW  ajqili cation  of  tho  two  poles  of  an  inductive  apparatus.  It  is  not  uncommon  to  see 
Ibi  lactitab  become  reduced  in  size  to  a  mere  thread,  oven  while  under  observation. 
Allb()aifh  experiments  have  generally  failed  to  demonstr.ate  any  regular  rhythmical  con* 
^''  lymphatic  system,  it  i^  probable  that  the  vessels  contract  upon  their  con- 

^'^^'  7  are  unusually  distended,  and  thus  assist  the  circulation,  the  action  of  the 

-!  a  re»rargitaiing  current.    This  action,  however,  cannot  hav©  any  oonsid- 
^.^  ilarinflncnce  upon  the  generaJ  current. 

rs  fff  Prumre  from  Surrounding  ParU. — Contractions  of  tho  ordinary  vol- 
mxrf  muscles,  eompfession  of  the  abdominal  organs  by  contraction  of  the  abdominal 
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mtiscles^  peristaltic  movements  of  the  intestines,  and  pulsations  of  large  arteries  situ- 
ftti^d  against  tlie  lymphatic  trunks^  particularly  tbe  thoracic  aorta,  are  all  capable  c»f 
increasiDg  tbe  rapidity  of  tbe  circulation  of  tlie  lymph  and  chyle. 

The  contractions  of  voluntary  muscles  aasist  tbe  lymphatic  circulation  in  precisely 
the  way  in  which  they  influence  the  flow  of  blood  in  the  venous  system ;  and  we  hav^ 
nothing  to  add  regarding  this  action  to  what  has  already  been  s^d  on  this  subject  in 
connection  with  the  venous  circulation. 

Increase  in  the  flow  of  chyle  in  tbe  thoracic  duct,  as  the  resnlt  of  compression  of  thv 
abdominal  organs  or  of  kneading  the  abdomen  with  the  hands,  was  observed  by  Mageii* 
die^  and  the  fact  has  been  confirmed  in  all  recent  experiments  on  this  subject.  The  saree 
effect^  though  probably  less  in  degree^  is  produced  by  the  peristaltic  contractions  of  the 
intestines. 

When  a  tube  is  introduced  into  the  upper  part  of  the  ihoracio  ductf  it  is  frequently 
the  case  that  the  fluid  is  discharged  with  increased  force  at  each  pulsation  of  the  heart. 
This  was  frequently  observed  by  JJalton  in  his  experiments  on  the  thoracic  duct,  and  he 
describes  the  jets  as  being  *'  like  blood  coming  from  a  small  artery  when  the  circulation 
is  somewhat  impeded/'  This  impulse  is  duo  to  compression  of  the  thoracic  duct  as  it 
passes  under  the  arch  of  the  aorta.  Us  influence  upon  the  general  current  of  the  lymph 
and  chyle  ia  probably  insignificant,  but  the  fact  attracted  the  attention  of  Hallcr,  who 
attached  to  it  a  great  deal  more  importance  than  it  is  now  believed  to  possess. 


Ii\fluen€0  of  the  Movements  of  Ji£^iraiion,—^hile  the  vi*  a  ttrgo  must  be  regarded 
Mby  far  tlie  most  important  agent  in  the  production  of  the  lymphatic  circulation,  th«? 
movements  of  fluitls  in  the  thoracic  duct  receive  constant  and  important  aid  from  the 
respiratory  acts.  This  fact  bus  long  been  recognized;  and  in  the  works  of  Bailer  will 
be  found  a  full  discussion  of  the  intluence  of  the  diaphragm  and  of  the  movements  of  the 
thorax  upon  the  circulation  of  chyle.  The  observations  of  Colin  on  this  subject  arc 
most  valuable,  as  he  was  the  first  to  successfully  establish  a  fistula  into  the  thoracic  duct 
in  large  animals.  Ho  alivsys  found  a  marked  remittency  in  the  flow  of  chyle  from  a  lis- 
tula  into  the  thoracic  duct,  which  wos  absolutely  synchronous  with  the  movements  of 
respiration*  With  each  act  of  expiration,  the  fluid  was  forcibly  ejected,  and,  with  inspira- 
tion,  tbe  flow  wm  very  much  diminished  or  even  arrested.  Tbese  impuljics  became  much 
more  marked  when  resjuration  was  interfered  with  and  tbe  elfurts  became  violent.  The 
intermittoncy  of  the  current  was  sometimes  so  decided,  tlmt  tbe  ptilsations  were  repeated 
in  a  long  elastic  tube  attached  to  the  canula  for  the  purpose  of  collecting  the  fluid. 

The  nmount  of  influence  exerted  by  the  respiratory  movements  upon  tbe  flow  of  the 
lymph  and  chyle  can  be  best  appreciated  by  examining  careftdly  the  mechanism  of  its 
operation. 

With  each  act  of  inspiration,  all  the  liquids,  as  w  ell  as  the  air,  are  drawn  toward  tJie 
cavity  of  the  thorax.  In  this  w  ay,  the  thoraci<'  duct  is  dilated  and  then  becomes  most 
distended  with  fluid.  At  the  game  time,  the  flow  of  ]}Tnph  from  the  right  lymphatic 
dnct  into  the  right  subclavian  vein  h  increased.  After  the  thoracic  duct  has  been  thus 
dilated  in  insjii ration,  at  the  moment  of  expiration,  in  common  with  all  the  other  parts 
contained  within  tbe  thorax,  it  undergoes  compression ;  the  valves  prevent  tlie  reflux  of 
its  contents,  and,  as  a  necessary  consoqaence,  the  fluid  is  then  discharged  with  increased 
force  into  tbe  left  subclavian  vein.  It  can  be  readily  understood  how  tlie  act  of  inspira- 
tion, while  it  has  a  tendency  to  fill  the  thoracic  duct  from  below,  opposes  tlie  discharge 
of  fluid  from  a  fiptnla. 

From  all  these  considerations,  it  is  evident  that,  although  there  are  many  circum- 
stances capable  of  modifying  the  currents  in  the  lymphatic  system,  the  regular  flow  of  the 
lymph  and  chyle  depends  chiefly  upon  tbe  rU  a  tergo ;  but  the  vessels  themselves  some- 
times undergo  contraction,  and  they  are  subject  to  occasional  compression  from  sur- 
rounding parts,  which,  from  the  existence  of  numerous  valves  in  the  vessels,  must  favor 
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)  CQrrtDt  toward  the  venoiis  system.  The  oltemnte  dilatation  imd  comf^reedion  of  the 
oracii!  ilact  with  the  acts  of  respiration  Hlie^ifte  aid  tlie  circulation,  and  they  arc  more 
ent  than  any  other  force,  except  the  vU  a  tergo.  The  action  of  the  valrca  is  pre- 
ibe  same  in  the  lymphatic  as  in  the  venous  systera* 
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-DifTcreneet  bi&tir«eii  Ibe  mcto^da  i^td  flaida  caDUlDlng-  fonn^xt  oaatnoilcal  ilcniinitf-'CLuaU 

f  tb9  wTf^tfon*— M#f*flftf«fi  flf  th<*  T*TO*fuct1f»n  of  iht*  trtio  s^Totion*— M«eluiniiiiii  of  tbo  [iroduetioti  of 

iBm^am^SaoM — ^t  -Vntttomlcol  cki^lfit^tloa  of  ^Iftnduliir  organs— Cluflll3<4itioii 

iogiiMd  anatotn <  >  '.i^j  of  the  aerout  uid  synovi"'  -  ''^->'=^— Pericardial,  peri- 

tWMCt  vA  pleTi  T  '  titnift^Mueoiis  mombrancft— M  •  ,  <  si»crotftHi  of  mniiu 

— Cwpp— Wan   t  •  of^ofU  «bsncten  of  murui — L.<  u>a  of  mucoA— Kon- 

%Uimr^\Mk  of  certAUj  «uilubie  dubstdnot^a^  tiorticularly  vajMiiii%  \tj  mucouA  mombriuiBi — &olMK«4)a»  Qoidi— Fbyilo* 
laftttl  «iat«fiiy  of  the  •aKsw'owp,  ceriimitioiifi,  ttud  MelbouiiAii  gtaiidA'— OrdlxiArr  tcbftecioiu  matter—^inejKnm  of 
Qto|«qK.  td— YernU  ctLi^'oNi— Ccnuucn— MelbomiAd  s«a«tlon— (Ninrtlun  of  tUti  Midbo* 

teHam  te*-:  -i— rhysloJogical  imAtotny  of  tb*  manuiiAry  ^iAnds— CondiUou  «f  tbts  roam* 

naiy  fkia-^^  ,.,...^^  .^.  .^.v,  .**^  vf  bcUUoD — Structujie  of  the  mammary  glonda  duiliijf  Inr*  ''  ""^  haalaia 
•C  tlbe  ft«eretloo  of  milk— CoiiditioDS  vMeb  tnodlfy  Mw  larteii]  6<^e^et3oD— QtwoTity  of  milk  cuctera 

of  mll^— Micrc«copf(^a]  ebELTBctfTt  of  ttttlk^CompoBltlon  of  loUk— Variatioils  III  tho  eompoAii  .— Coloi* 

tr«m«ljcta^  «««retkui  la  th*  newty-bom. 


Secretion  in   General 

Xke  phenomena  classed  hy  physiologists  under  the  head  of  secretion  are  intimately 

l<fd  with  the  general  process  of  nutrition.     In  the  sense  in  which  the  term  aecre- 

i  Is  nsTiaUy  received,  it  einhraoes  raont  of  the  processes  in  which  there  h  a  separation 

'  nttttjrinl  from  the  blood  or  a  formation  of  a  new  tluid  out  of  matters  furniBhcd  hy  the 

itfKii!^    Tlio  hlood  itself,  the  lympli,  and  tlie  chyle,  are  no  lonirer  regarded  aa  secre- 

These  fltiida,  like  the  tiroes,  are  permanent  constituents  of  the  organism,  under- 

f  tho$<>  cliange*  ouly  that  are  necessary  to  their  proper  regeneration.    They  are 

,  isiiarmrterized  hy  tlie  presence  of  certain  formed  anatomical  element*,  %vhich 

undergo  the   processes  of  molecular  destrnction  and  regeneration.    These 

-  are  not  possessed  hy  the  secretions.     As  a  rule,  the  latter  are  homogeneous 

lint  fnrTTioil  anatoraical  elements,  except  as  accidental  constituents,  such  as  the 

-  /    -:  lam  in  mncus  or  in  sehaceous  matter.     TJie  secretions  are  not  per- 

jiaL  ij^  -        ^„       rating  fluids,  except  when  they  perform  simply  a  mechauical  function, 

JW  thw  humor*  of  the  eye,  or  the  liquids  in  serous  and  synovial  cavities.    They  are  either 

'■  ■^—  !  from  the  hotly,  when  they  are  called  excretions,  or,  after  having  performed 

r  function  as  secretions,  are  taken  up  again  in  a  more  or  less  modified  form 

Wifii  the  exception  of  those  fluids  which  have  a  function  almost  entirely  mechanical^ 
n-^  of  the  secretions  to  nutrition  are  so  close,  that  the  prcKiuction  of  many  of 
i4  almost  a  part  ctf  this  great  function.  It  is  difficult,  for  examjile,  to  con- 
"ivi*  nt  nutrition  without  the  formation  of  the  characteristic  constitnents  of  the  urine, 
t^ic  bfle, and  the  perspiration;  and  it  is  impossible,  indeed,  to  study  satisfactorily  the 
VhiinanieDa  of  nutrition  without  con  side  rinii  fully  the  various  excrementitious  principles, 
*^  »s  orea,  cholesterine,  creatine,  creatinine,  etc.,  for  the  constant  fonnation  and  dia* 
'Wfe  f^f  these  principles  by  disassinrilation  create  the  necessity  for  the  deposition  of 
o*w  matter  In  nutrition.  Again,  the  most  important  of  the  secretions,  as  contradistin- 
iraiihe^d  t'rom  the  excretions,  are  concerned  in  the  preparation  of  food  by  digestion,  for 
*ti  fu^ijneration  of  the  groat  nutritive  fluid. 
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Aa  woold  nfttnrdly  be  snpposed,  the  general  meclianisra  of  sccTetion  was  Tory  im- 
perfeotl}'  understood  enrlj  in  the  history  of  physiolagry,  when  little  was  known  of  the 
ciroulatioD^  the  functions  of  the  digestive  fluid^s  and  particultirlv  of  nutrition.  From  its 
etjrniolojry^  tho  i^un  shonld  signify  separation ;  but  it  ia  now  known  that  many  of  the 
secreted  fluids  are  formed  in  the  glands  and  are  not  simply  separated  or  filtered  from 
the  hlood.  Pbysiiologists  now  regard  secretion  as  the  act  by  which  fluids,  Loldiog  cer- 
tain solid  principles  in  solution^  and  sometimes  containing  liquid  nitrogenijted  princi- 
]»les,  but  not  necessarily  possessing  formed  anatomical  elements,  are  separated  from  the 
hlocwi  or  are  manufactured  by  special  organs  out  of  materials  fiirnished  by  the  blood. 
These  organs  may  ho  membranes,  follicles,  or  collections  of  follicles  or  tubes.  In  I  ho 
latter  instance  they  are  called  glands.  The  liquids  thns  formed  are  called  secretions; 
and  they  may  be  destined  to  perfoi-m  some  function  connected  with  nutrition  or  may  be 
fiimply  discharged  from  the  organism. 

It  is  not  strictly  correct  to  speak  of  formed  anatomical  elements  as  the  reuults  of 
eecretion,  except,  perhaps,  in  the  case  of  the  fatty  particles  in  the  milk.  The  leacocyie« 
found  in  pus.  tlie  spermatozoids  of  the  seminal  fluid,  and  the  oyum,  wbich  are  sometimes 
spoken  of  us  products  of  secretion,  are  real,  anatomical  elements  developed  in  the  way  in 
wliich  these  structures  are  ordinarily  formed.  It  has  been  conclusively  demonstrated, 
for  example,  tlmt  leucocytes,  or  pas- corpuscles,  are  developed  in  a  clear  blastema^  with- 
out  the  intervention  of  any  special  secreting  organ,  and  that  spermatozoids  and  ova  arc 
generated  by  a  true  development  in  the  testicles  and  the  ovaries,  by  a  process  euilrely 
different  from  ordinary  secretion.  It  la  important  to  recognize  these  facts  in  studying 
the  mechanism  by  which  the  secretions  are  produced.  It  is  true  thatj  in  some  of  the 
secretions,  as  the  sebaceous  matter^  a  certain  quantity  of  ei)itbelium,  more  or  less  disin- 
tegrated, is  found,  but  this  is  to  bo  regarded  as  an  accidental  admixture  of  des(|Qaiuated 
matter  and  not  as  a  product  of  secretion. 


Cl(tMif\Jf cation  of  the  Secretiom. — The  secretions  are  capable  of  a  physiological  clas- 
sification, dependent  upon  diflerencos  in  their  functions  and  in  the  mechanism  of  their  pro- 
duction. Investigations  within  tha  past  few  years  have  shown  that  these  diflercoces  are 
very  disitiuct. 

Certain  of  the  tluids  are  formed  by  special  organs^  and  have  important  functions  to 
perform  which  do  not  involve  their  discharge  from  the  organism.  These  may  be  classed 
as  the  true  secretions;  and  the  most  striking  examples  of  such  are  the  digestive  fluids. 
Each  one  of  these  fluids  is  formed  by  a  special  gland  or  set  of  glands,  which  generally 
has  no  other  function ;  and  they  are  never  produced  by  any  other  part.  It  is  the  gland 
which  produces  the  characteristic  clement  or  elements  of  the  true  secretions  out  of  mate- 
rials furnished  by  the  blood ;  and  the  principles  thus  formed  never  preexist  in  the  circu- 
lating fluid.  The  function  which  thci^e  fluids  have  to  perform  is  generally  intermittent; 
and,  when  this  is  the  case,  the  flow  of  the  secretion  is  intermittent,  taking  place  only 
when  its  action  is  required.  When  the  parts  which  produre  one  f>f  the  true  secretions 
are  destroyed,  as  may  be  sometimes  done  in  experiments  upon  living  animals,  the  charac- 
teristic elements  of  this  particular  secretion  never  accumulate  in  the  blood,  nor  are  they 
formed  vicariously  by  otlier  organs.  The  8imi)le  eiFect  of  such  an  experiment  is  absence 
of  the  secretion  and  disturbances  consequent  upon  the  loss  of  its  function. 

Certain  other  of  the  fluids  are  composed  of  water,  holding  one  or  more  cliarflcteristio 
principles  in  solution,  wbi*^h  result  from  the  physiological  waste  of  the  tissnes.  These 
principles  have  no  function  to  perform  in  the  animal  economy  and  are  fiirayily  separated 
from  the  blood  to  be  discharged  from  the  body.  These  may  be  classed  as  excretions^ 
the  Tirino  being  the  type  of  fluids  of  this  kind.  The  characteristic  principles  of  the  excre- 
raentilious  fluids  are  formed  in  the  tissnes^  as  one  of  the  results  of  the  constant  changes 
going  on  in  all  organized,  living  structnres.  They  are  not  produced  in  the  gland*  by 
which  they  are  eliminated  but  appear  id  the  secretion  as  the  result  of  a  sort  of  elective 
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%h^  HV«m1,     Tbey  always  pre&xist  in  the  dlrcalating  fluid  and  iiiaj  be  elini* 

«jr  occ.ni*ionfllly,  by  a  number  of  organs.     As  they  are  proiiiiced 

ince  of  tbe  tissues  and  arc  taken  up  by  tbe  blood,  they  aro  oou- 

Qlly  dbtharj^ed  into  the  6u!j stance  of  t lie  proper  elhuinating  orj?ans.     When  the  glands 

r>.;.  t.  ii,,,^  eliminate  thofie  principles  are  destroyed  or  when  their  functions  are  serious* 

I,  the  ttJ[cremtfntitious  matters  may  accuinnlate  in  the  blood  and  give  rifi(i4o 

cn.yn  u:\'^       '  i.     These  eftVcta,  however^  are  often  retarded  by  the  vioRrioiw 

charter  lea  by  other  organs. 

Tbefe  a*-e  n  .  as  the  bile,  which  perform  important  functionf*  as  scjcretionft, 

ill  whicli  neT*.  *ntatn  certain  cxcrerneutitioua  matters.     ]n  these  in2>tauec9^  it  h 

OdJr  thB  citpremcniitious  matters  that  are  discharged  from  the  organism* 

In  the  i»h«)nth§  of  sonte  tendons  and  of  muscles^  the  substance  of  mui^les,  and  in 
D«  other  situations,  are  found  fluids  which  simply  moisten  the  parta,  and  which  cont-ain 
titlie  organic  mutter^  with  but  a  small  proportion  of  inorganic  salts.     Although 
sr#  frequently  spoken  of  as  secretions,  tliey  ai-e  produced  generally  by  a  simple, 
^lliy^  of  certain  of  the  constituents  of  the  blood  through  the  walh 
|li«  T^  '   it  is  dithcnlt  to  draw  a  line  rigorously  between  transudation  and 

t'  secretion;  particularly  as  late  experiments  upon  dialysis  have 
I  ic  membranes  are  capable  of  separating  complex  solutions,  allow* 
m^  certain  constituents  to  pass  ranch  more  freely  than  others.     This  fact  explains  why 
» tratisuded  fluids  do  not  contain  all  tiro  soluble  principles  of  tho  blood  in  the  proper* 
i  is  which  thoy  exist  in  the  plasma.     All  the  secreted  fluid s,  bofcti  tlie  true  secretions 
I  Ibe  e3Cor«ti(iiiBf  ooataia  ntany  of  the  inorganic  salta  of  the  blocMl*p1asma* 

Haehar  i 'A  of  the  Trm  Secretions, — Althongh  the  characteristic  ele- 

»tttt^oft>  io  not  to  be  found  in  tho  blood  or  in  any  other  of  tbe  animal 

flaiilj^  they  cmn  generafly  be  extractCMl  in  quantity  from  the  glands,  [uirticularly  during: 

inti-rriiU  af  fepQse,     This  fact  has  been  repeatedly  demonstrated  with  regard  to 

.estivo  fluidi,  as  the  saliva,  the  gni^trio  juice,  and  the  pancreatic  juice;  and 

cuu  iiMiM.-s  possessing  many  of  the  pfivsiological  properties  of  the  natural  secretions, 

!»?«  be^n  prepared  by  simply  infusing  the  glandular  tissue  in  water.     There  can  be  no 

ikNilil,  tL'      '  'on  during  the  periods  when  the  secretions  are  not  discharged, 

1^  gliiid>  n  tlio  blood  matters  which  are  to  be  transformed  into  principles 

eh«nKrl«ri»tic  •  1  secretions,  and  that  this  process  is  constant.     Extending 

OBf  iii<;uiries  inr  .f  the  process  by  which  these  peculiar  principles  are  formed, 

ti  b  fuQind  to  bear  a  close  resemblance  to  the  general  act  of  nutrition.    There  arc  certain 

•natomjeal  elements  in  the  glands  which  hare  Uie  power  of  selecting  the  proper  material 

from  the  bh^od  and  causing  them  to  undergo  a  pecuUar  tranj*formation;  in  the  same  way 

tlutt  tV  liar  tissue  takes  from  the  groat  nutritive  fluid  albuminoid  matters  and 

trwi-  r?i  into  its  own  substance.     The  exact  nature  of  this  property  is  unex- 

plair  to  the  clasa  of  phenomena  observed  in  living  structures  only  and  is 


i  organs,  a  variety  of  epithelium  is  found,  called  glandular^  which 

•CTik      ,    .   .  .  .„     ,     ;  cr  of  forming  the  peculiar  element'^  of  the  difterent  secretions. 

huwnmch  aa  tlie  epithelial  cells  lining  the  tubes  or  follicles  of  the  glands  constitnt©  the 

wlj  peculiar  utrnrtures  of  these  parts,  the  rest  being  made  up  of  basement-membrane, 

caaiii^ptivt^  lissud,  blood- vessels,  nerves,  and  other  structures  which  are  distributed  gen* 

>\\\d  expect  that  these  alone  would  contain  the  elements  of 

lity  this  l^  the  fact;  and,  with  regard  to  some  of  the  glands, 

•fated.     It  has  been  found,  for  example,  that  the  livtr- 

r  formed  by  the  liver ;  and  it  has  been  farther  shown 

'    • !    ri  Uie  cellaUr  fjtructures  of  the  pancreas  have  been  destroyed,  the  secretion  is 

Q '  kiu^wr  produced.     ITiere  can  be  hardly  any  doubt  with  regard  to  the  application  of 
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this  principle  to  the  glands  generally,  both  secretorj  and  excretory.    Indeed,  it  is  weH  | 
known  to  pathologists^  that,  when  the  tubos  oC  i\w  kidney  have  become  denuded  of  their 
cpitlieliiim,  they  are  no  longer  capable  of  separating  £rom  the  blood  the  peeuliar  eonstila- 
ents  of  the  arine. 

With  regard  to  the  origin  of  the  principles  peculiar  to  the  true  secretions,  it  \s  impo^ 
sible  to  entertain  any  other  view  than  that  they  are  produced  in  the  epithelial  structure  J 
of  the  glands ;  and  the  old  idea  that  they  exist  ready-formed  in  the  blood  cannot  be 
maintained.  While  the  secretions  contain  inorganic  suits  in  solution,  transuded  from  the 
bloo<]^  tiie  organic  constituents,  such  as  pepsin^  ptyaline,  pancreatine^  etc.,  are  readily 
disiingTiislied  from  all  other  albuminoid  principles  by  their  iteculiar  physiological  proper*  i 
ties  -  although  some  of  them  are  apparently  identical  with  albumen  In  their  ultimate 
composition  and  in  most  of  their  chemical  reactions. 

It  may  be  stated,  then,  as  a  general  proposition,  that  the  characteristic  elements  of 
the  tnie  secretions,  as  contradistinguished  from  the  excretions,  are  formed  ih  noco  by  lUi»  ] 
epithelial  structures  of  the  glands,  out  of  material  furnished  by  the  blood-  Their  forma* 
tion  is  by  no  means  confined  to  what  is  usually  termed  the  period  of  funetiomil  activity 
of  the  glands,  or  the  time  when  the  secretions  ore  poured  out,  but  it  takes  place  more 
or  less  constantly  when  no  fluid  is  discharged. 

It  is  more  than  probable  that  the  formation  of  the  elements  of  the  Mcretions  takes  plaee 
with  fully  as  much  activity  in  the  intervals  of  :&ecrefcion  as  during  the  discharge  of  fluid  ; 
and  moat  of  the  glands  connected  with  the  dige^ive  system  seem  to  require  certain  inter- 
vals of  repose  and  are  capable  of  discharging  their  secretions  for  a  limited  time  only. 

When  a  secreting  organ  is  called  into  functional  activity — like  the  gastric  mucoos 
membrane,  or  the  pancreas,  upon  the  introduction  of  food  into  the  alimentary  canal — a 
marked  change  in  its  condition  takes  place.  The  circulation  in  the  port  is  then  very 
much  increased  in  activity,  thus  furnishing  water  and  the  inorganic  elements  of  the 
secretion.  This  difference  in  the  vascularity  of  the  glands  during  their  activity  is  very 
marked  when  the  organs  are  exposed  in  a  living  animal  and  is  one  of  the  important  faclii 
bearing  upon  the  mechanism  of  secretion.  Beaumont  observed  this  in  his  ex]ierimcnL» 
on  St,  Martin  and  waa  the  first  to  show  conclusively  that  the  gastric  juice  is  secreted  only 
when  food  is  taken  into  the  stomach  or  when  some  stimtdus  is  applied  to  its  mucous 
membrane.  Bernard,  in  his  experiments  upon  the  pancreas*  noted  tlie  pate  appearance 
of  the  gland  during  the  intervals  of  digestion  and  its  reddened  and  congested  condition 
when  the  secretion  flowed  from  the  duct ;  and  these  observations  have  been  confirmed 
by  all  who  have  experimented  upon  tlie  glands  in  living  animals. 

In  later  experiments  njjon  the  circulation  in  the  salivary  glands  and  its  relatinn  to 
secretion,  Bernard  has  fully  investigated  the  variations  in  the  vascular  supply  to  the 
glands,  with  the  most  detinito  and  satisfactory  results.  Ilis  observations  were  made 
chietiy  upon  the  submaxillary  gland  in  dogs;  and  be  has  shown  that,  during  the  fnnc* 
tional  activity  of  this  organ,  if  a  tube  be  introduced  into  the  vein,  the  quantity  of  blood 
which  may  be  collected  in  a  given  time  is  four  or  five  times  that  which  is  discharged  In 
the  intervals  of  secretion.  It  w^as  ascertained,  also,  that  the  venous  bkiod  coming  from 
the  gland  contained  much  less  water  than  the  arterial  blood ;  and,  on  comparing  tli«- 
quantity  of  water  lost  by  the  blood  in  its  passage  through  the  gland  in  a  given  time  with 
the  quantity  dischargt?d  in  the  saliva,  they  were  fonnd  to  exactly  correspond. 

The  ditferences  in  the  quality  and  the  composition  of  the  blood  coming  from  Ihu 
glands  during  their  repose  and  their  activity  have  an  imi)ortant  bearing  upon  the  mecb- 
anism  of  secretion.  As  far  as  the  composition  is  concerned^  these  differences  appear  to 
be  dependent  mainly  upon  the  modifications  in  the  circulation.  When  the  gland  Is  in 
repose,  the  blood  coming  from  it  has  the  usual  dark,  venous  hue  and  contains  tlie  ordinary 
proportion  of  carbonic  acid ;  but,  during  secretion,  when  the  quantity  of  blo«jd  passing 
through  the  organ  Is  increased,  the  color  is  nearly  as  bright  as  that  of  arterial  bk*od,  and 
the  proportion  of  carbonic  acid  is  very  small.     At  this  time,  also,  the  Idood  is  frequently 
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barret!  fifrm  tbe  vein  pulmlim  to  the  distance  of  several  mches.  Tlie  cause  of  thig 
4fi&r-  '!nr  is  very  easily  understood.    During  tlio  iutvrvals  of  secretion,  the  blood 

ii  mm  ^  Iniid  for  the  purposes  of  outritiou  and  the  manufucture  of  the  elements  of 

the  secretion.     It  then  passes  tlirough  the  pju*t  in  moderate  quantity  and  undergoes  the 

I  dtaa^e  from  arterial  to  venous,  in  which  a  great  part  of  the  oxygen  disappears  and 
nic  acid  is  formed;  but»  when  secretion  commences,  the  ordinary  nutritive  changes 
,  fufficient  to  deoxidize  the  increased  (juantity  of  blood,  and  the  venous  cbaratcer 
^  tba  Mood  coming  from  the  part  is  very  much  less  marked.  Thes<)  facts  euttble  us  to 
fiara  lofir  idea  of  the  mechanism  of  secretion  ;  although  the  exact  nature  of 

llMf  fill  ]i  effect  the  changes  of  the  organic  principles  of  tbe  blood  into  the  charac- 

ferutlo  elements  of  the  secretions  is  not  understood.  Experiments,  Iiowever,  have  shown 
llMti  in  tJ»e  act  of  secretion,  there  are  two  tolerably  distinct  processes : 

1.  It  Qsay  l#e  aasnioed  that,  at  all  times,  the  peculiar  secreting  cells  of  the  glands  are 
'-  •   -lore  or  less  actively,  the  elements  of  the  secretions,  which  may  be  washed  out 

'  or  extracted  by  maceration  ;  but^  during  the  intervals  of  secretion,  the  quan- 
A  Litjod  received  by  the  glands  is  relatively  small. 

2.  In  obedience  to  the  proper  stimulus,  when  a  gland  takes  on  secretion^  the  quantity 
>il  which  it  receives  is  four  or  live  times  greater  tban  it  is  during  repose.     At  that 

,  iratcr,  with  certain  of  the  salts  of  the  blood  in  solution,  passes  into  the  secreting 
ftraetufi*,  takes  up  the  charact<»rii9tio  olemonts  of  the  secretion^  and  fluid  b  discharged 
by  tbo  duct 

In  aU  ihts  aecretlona  proper,  there  are  intervals,  eitlier  of  complete  repose,  as  is  the 
I  vttJi  the  gastric  juice  or  the  pancreatic  juice,  or  periods  when  the  activity  of  the 
tretiuQ  U  v^rj  greatly  diminished,  as  in  the  saliva.  These  periods  of  reptjse  seem  to 
toeoc«§ary  to  the  proper  performance  of  the  function  of  the  secreting  glands;  forming 
narked  contrast  with  the  constant  action  of  tlie  organs  of  excretion.  It  h  well 
knovB,  for  example,  that  the  function  of  digestion  is  seriously  distnrbed  when  the  act  is 
too  pruUiogi^  firmn  the  habitual  ingestion  of  an  excessive  quantity  of  food. 

From  the  cK>naideration3  already  mentioned,  it  is  evident  that  the  feecretiona,  as  a 
•"^v  are  fortnc<l  by  the  epithelial  structures  of  the  glands.  There  has  been  a  great  deal 
rnlation  with  r**gftrd  to  the  mechanism  of  this  action  of  the  cells.  As  wo  before 
p-umrkcd,  this  question  cannot  be  considered  as  ,settli;d.  It  does  not  seem  probable  tbat 
liwf  cells  are  ruptured  dnriiig  secretion  and  di»cliar^'e  their  contents  into  the  duct«,  for, 
tinder  these  circumstances,  we  should  expect  to  find  some  of  their  structure  in  the 
••cftti^d  flnid;  whereas,  aside  from  accidental  constituents,  tbe  secretions  are  homogeno- 
oo>  and  do  ni>t  contain  any  formed  anatomical  elements.  There  ia  no  good  reason  for 
wp^HMlng  that  this  action  takes  place  and  that  more  or  Jess  of  the  glandular  epithelium 
li ilestrc^red  whenever  secretion  occurs;  and,  in  the  present  state  of  mir  knowledge,  we 
can  unlj  aasuine  that  the  secreting  cells  indncij  certain  transformations  in  tbe  organic 
tknimtf  of  the  blood  and  modify  transudation,  without  pretending  to  understand  the 
«Hkrt  nalurc  of  this  procesit. 

Th«  theory,  that  tljc  discharge  of  the  necretions  is  due  simjily  to  mechanical  causes  and 
i*  iliribulablc  solely  to  llie  increase  in  the  pressure  of  blood,  cannot  be  sustained,  Tress- 
w«  iaido«ht«dly  has  consideralde  intluence  upon  tbe  activity  of  secretion;  but  tbe  tiow 
^  ttot  always  tako  place  in  obedience  to  simple  pressure,  and  secretion  may  be  induced 
W  a  limited  time  without  any  increase  in  tlie  quantity  of  blood  circulating  in  tbe  gland. 

Thtt  gknds  possess  a  peculiar  irritability,  which  is  manifested  by  their  action  in 
•ifpoa%e  tij  proper  stimulation.  During  secretion,  they  generally  receive  an  increased 
fiiWily  Mf  blood;  but  this  is  not  indinpensable,  and  secretion  may  be  excited  without 
wit  Tumlificfltion  of  the  circulation.  This  irritability  will  disappear  when*the  artery  sup- 
l^ym  ilrn  part  with  blood  is  ligaled  for  a  number  of  hours;  and  secretion  cannot  then 
k  udted,  oven  when  the  blood  is  again  allowed  to  circulate.  If  the  glnnd  be  not 
^cf9if«d  uf  blood  for  too  long  a  period,  the  irritability  is  i»oon  restored;  but  it  may  bo 
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pennanently  destroyed  by  depriving  the  part  of  blood  for  a  long  time.  These  tMB 
are  very  striking  and  they  show  a  certain  similarity  between  glandular  and  muscttlar 
irritability^  although  their  properties  are  manifested  in  very  ditlertut  waya. 

Meehanittm  of  the  Production  of  the  Ej^cretions, — Certain  of  the  glands  have  the  func^  \ 
tion  of  separating  from  the  blood  excrementitious  matters,  which  are  of  no  use  in  the 
econonjy  and  are  eiinpiy  to  be  discharged  from  the  system.  These  mattera,  which  will 
bn  fully  considered^  hotli  in  connection  with  the  fluids  of  which  they  form  a  part  and 
under  the  head  of  nutrition,  are  entirely  ditfereut  in  tbeir  mode  of  production  from  tho 
eharacteristic  elements  of  the  secretions.  The  Ibrmation  of  excrementitious  princifilea 
takes  place  in  l!ie  tisanes  and  is  connected  with  the  general  pr<x^*:»i*  of  nutrition ;  and  in 
the  excreting  glunda  there  in  simply  a  Beparation  of  matters  already  formed.  The  action 
of  the  excreting  orgnns  being  constant,  there  h  not  that  regular,  periodic  Incre^ise  in  the 
activity  of  the  circulation  which  is  observed  in  secreting  organs;  but  it  has  beenobsenred 
that  the  blood  which  comes  from  the  kidneys  is  nearly  as  reil  a.s  arterial  blood,  showing  | 
thftt  the  quantity  of  blood  which  this  organ  receives  is  greater  than  is  required  for  mere 
nutrition^  tlte  excess,  as  in  the  secreting  organs,  furnishing  the  water  and  inorganic  salts 
that  are  found  in  the  urine.  It  has  also  been  shown  that,  when  tho  secretion  of  urine  Is  | 
interrupted,  the  blood  of  the  renal  veins  becomes  dark,  like  the  blood  in  the  general 
venous  system. 

Tlie  function  of  excretion  is  not,  under  all  conditions,  confined  to  the  ordinary  excre- 
tory organs.     When  their  action  is  disturbed,  certain  of  the  secreting  glands;,  as  thej 
follicles  of  the  stomach  and  intestine,  may  for  a  time  eliminate  excrement! tions  matters; 
but  tins  is  abnormal  and  is  analogous  to  the  elimination  of  foreign  matters  from  the  | 
blood  by  the  glands. 

Influence  of  th^  Composition  and  Pr^Murt*  of  the  Blood  upon  Sc^ftion, — Fnder  nor- 
mal conditions,  the  composition  of  the  blood  1ms  little  to  do  with  the  action  of  the  secret- 
ing organs,  as  it  simply  fumisbes  the  material  out  of  which  the  characteristic  principles 
of  the  secretion  are  formed;  but,  when  certain  foreign  matters  are  taken  into  the  system 
or  are  injected  into  the  blood-vessels,  they  are  elimimite^l  by  the  different  glandalar 
organs,  both  secretory  and  excretory.  These  organs  seem  to  possess  a  power  of  selection 
in  the  elimination  of  different  substances.  Thus,  sugnr,  ferrocyanide  of  potassium,  and 
the  saltH  of  iron,  are  eliminated  in  greatest  quantify  by  tho  kidneys;  the  salts  of  iron,  by 
the  kidneys  and  the  gastric  tubules;  and  iodine,  l>y  the  salivary  glands. 

Tho  act  of  secretion  is  almost  always  accorapaniod  with  an  increase  in  the  pressure  uf 
blood  in  the  vessels  supplying  the  glands ;  and  it  has  been  3l»own,  on  the  other  hAttd* 
that  an  exaggeration  in  the  pressure,  if  the  nerves  of  the  glands  do  not  exert  an  opposing 
influence,  increases  the  activity  of  secretion.  The  experiments  of  Bernard  on  thi^  ptiiul 
show  the  influence  of  prepare  upon  the  salivary  and  the  renal  secretion,  i>anicnlarly  the 
latter.  After  inserting  a  tube  into  one  of  the  ureters  of  a  living  animal,  sio  that  tins 
activity  of  the  renal  secretion  could  be  accurately  observed,  the  pressure  in  the  renal  artery 
was  increased  by  tying  the  crural  and  the  brachial  It  was  then  found  that  the  flow  of 
nrino  was  murkedly  increased.  The  pressure  was  afterward  diminished  by  tho  abstnic* 
tion  of  blood,  which  was  followed  by  a  corresponding  diminution  in  the  quantity  of  unoe. 
Tlie  same  phenomena  were  observed  in  analogous  exj>eriments  upon  the  submaxillary 
secretion.  These  striking  facts,  as  we  have  already  seen,  do  not  demonstrate  that  secrttloii 
is  due  siini»ly  to  an  increase  in  the  pressure  of  bloiKl  in  the  gland?,  although  tins  undoabt- 
cdly  exerts  an  important  influence.  It  is  necessary  that  every  condition  sliould  U? 
favorable  to  the  act  of  secretion  for  thia  influence  to  bo  effective.  Experiments  have 
shown  that  pain  is  capable  of  completely  arresting  the  secretion  of  urine,  operating 
undoubtedly  through  the  nervous  system.  If  the  flow  of  urine  be  arrcfite<l  by  pain, 
tin  increase  in  the  pressure  of  blood  in  the  part  fails  to  influence?  the  secretion.     To  jilus- 
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timto  Uiii  Ikel  more  ftillv,  Bernaixl  divided  the  nerves  on  one  5?ide,  Uirough  which  the 
reies  04»r?oins  nctioti  was  communicated  to  the  kidney,  leaving  the  other  siJe  Intrtct.  He 
tli«ft  faand  Uiat  increaso  in  the  arterial  pressure,  aeeonipanied  with  pain,  diaunisshcd  the 
low  of  uriai^  upon  the  §ound  side,  through  which  tlie  nervoQs  action  conld  operate,  and 
htcTcased  tt  upon  tiie  other. 

The  intSoi^nco  of  pressure  of  blood  upon  secretion  maj^  then,  be  summed  up  la  a  f^w 
WQtdm:  There  is  always  an  incren&e  in  the  activity  of  secretion  when  the  pressure  of 
Uood  ID  tijo  glands  is  increased,  and  a  diminution  w  hen  the  pressure  is  reduced ;  except 
wli«Q  tboro  \3  iome  modifying  influence  operating  through  the  nervous  system. 

Jt^tuenee  ^t  tf*^  JWrr oti«  Syitfrm  upon  Secretion. — The  fact  that  the  8ecretion«  are  ^n^ 
crallj  intermittent  in  their  flow,  heing  discharged  in  obedience  to  impreaaions  which  are 
nittde  only  whem  there  is  a  demand  Tor  the  exercise  of  their  functions,  would  naturally 
1m4  to  the  •apposition  that  they  are  regidated^  to  a  great  ext^^nt,  through  the  nervous 
^jitma;  pnxticularly  a*  it  is  now  well  established  that  the  nerves  are  cajiable  of  modify- 
ing and  regulating  local  circulations.  The  same  facts  ai^plj,  to  a  ccitain  extent,  to  the 
•xerptioika,  wbicii  are  also  i^uhject  tt»  considerable  modilications.  A  tew  years  ago, 
ladMd,  tb*irv  was  cojiHiderablo  diecussiion  regarding  a  t.ubdi vision  of  the  reflex  systcni  of 
MvvM^  which  WAS  supposed  to  preside  over  secretion  and  was  called  the  cxcito-secro- 
tory  fjatem.  The  fact»t  which  led  to  the  description  of  this  system  of  nerves  had  long 
\  obwrved,  and  they  simply  illustrated  the  production  of  tlie  secretions  in  response  to 

Exporiments  have  clearly  demonstrated  the  importance  of  the  nervous  intiuencc  in  the 

I  of  the  secretions ;  hut  the  observations  of  Bernard  show  that  the  etleets  are 

Itsced  mainljr  by  increasing  the  activity  of  the  circulation  in  the  gl.inds.    This  takes 

in  greatest  part  through  filaments  from  the  sympathetic  system,  whicli  are  dis* 

vluA  to  the  muscular  coats  of  the  arteries  of  supply,     AVhen  those  filament*  are 

pfidod«  the  circulation  is  increased  here,  as  in  other  situations,  and  secretion  is  the  result; 

,  if  the  extremity  of  the  nerve  connected  with  the  gland  be  galvaniiedf  oontractioB 

TtJir  -    .    '-  ""-Hows,  and  the  secretion  is  arrested. 

W  to  many  of  the  glands,  Bernard  has  shown  that  the  influence  of  the  sym* 

pathelk  I*  aiaa^onized  i»y  nerves  derived  from  the  cerebro-spinal  system,  which  latter  he 

caU*  tbf  motor  nerves  Kit  the  glands.     The  motor  nerve  of  the  submaxillary  is  the  chorda 

trmpanl;  and,  as  both  this  nerve  and  the  sympathetic,  together  with  tljo  excretory  doct 

of  tb<  gland,  can  he  easily  exposed  and  operated  upon  in  a  living  animal,  mobt  of  the 

•xperttnentA  of  Bernard  have  been  performed  upon  this  gland*     When  all  these  parts  are 

opoinl  and  a  tnbe  is  introdaced  into  the  salivary  duct,  division  of  the  s>'nipathetic  induces 

•icmiiem«  with  an  increase  in  the  circulation  in  the  gland,  the  blood  in  the  vein  becoming 

1*4.    On  the  other  bund,  division  of  the  chorda  tyrnpani,  the  sympathetic  being  intact, 

•irMta  secr^tioii,  and  the  venous  blood  coming  from  the  gland  becomes  dark.     If  the 

•«T«tbo  T  1  altcirnately,  it  will  be  found  that  gahanizatiun  of  the  sympa- 

iWie  prt^l  u»n  of  the  vessels  of  the  gland  and  arre.Hts  secretion,  while  the 

•ttoudttJi  applied  lo  the  chorda  tympani  increases  tlie  circulation  and  excites  secretion* 

^annirh  is  known  of  the  nervous  influences  which  modify  secretion,  to  admit  of  the 

i^jUr»racc  that  all  the  glands  are  possessed  of  nerves  through  which  reflex  phenomena* 

iiiRrtioi^  their  secretions^  take  place.     It  is  the  motor,  or  limotional  nerve  of  the  gland 

i^n.iigh  which  tho  reflex  action  takes  place ;  the  influence  of  the  sympathetic  being  con- 

itast  ox)d  the  (lann?  as  in  other  parts  where  it  is  distributed  to  blood-vessels. 

Ai  rrt!ex  phenomena  involve  the  action  of  a  nen'ous  centre^  it  becomes  an  interesting 
^0***'  rtnioe  whether  any  particular  {>arts  of  the  central  nervous  system  preside 

w«r '  _  -  ftecrelions.  We  must  refer  again  to  the  experiments  of  Bernard  for  an 
^oddatkiQ  of  thta  question.  If  a  puncture  be  made  in  the  space  included  between  the 
wifift  of  the  paeomogftfitrice  and  the  auditory  nerves,  in  the  floor  of  the  fourth  ventricle, 
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there  la  an  increase  in  the  discbarge  of  urme,  with  an  excretion  of  Bugar  due  to  an  exag- 
geration ia  the  Bagtir-prodiicing  function  of  the  liver.  Irritation  appilied  a  little  Li^her^ 
toward  the  pons  Varolii  and  jtjst  posterior  to  the  origin  of  the  fifth  pair  of  nerves,  ia 
followed  hy  a  great  increase  in  the  activity  of  the  saliTarj  secretion. 

Mental  emotions,  pain,  and  various  circumstances,  tiie  influence  of  which  upon  secro-| 
tion  has  long  heen  observed,  operate  through  the  nervous  system.  Noraerous  familiar  | 
instances  of  this  kind  are  quoted  in  works  on  physiology:  such  as  tlie  secretion  of  tears;  ' 
arrest  or  production  of  the  salivary  secretions ;  sudden  arrest  of  the  secretion  of  the  | 
mammary  glands,  from  violent  emotion ;  increase  in  the  secretion  of  the  kidnevs  or  of  th«  i 
intestinal  tract,  from  fear  or  anxiety;  with  other  examples  which  it  is  unnecessary  to 
enumLTute. 

The  effects  of  destruction  of  the  nerves  distributed  to  the  parenchyma  of  some  of  th«  , 
glandular  organs  are  very  curious  and  interesting.    Mailer  and  Peipers  destroyed  the 
nerves  distributed  to  the  kidney  and  found  that,  not  only  was  the  secretion  arrested 
in  the  great  raf^iority  of  instances,  but  the  tissue  of  tlie  kidneys  became  softened  and  I 
broken  down.     These  esrperiments  have  been  repeated  by  Bernard.     He  found  that  ani- 
mals operated  Ufion  in  this  way  died,  and  that  the  tissue  of  the  kidney  was  broken  down 
into  a  fetid,  seniitluid  mass.    After  division  of  the  nerves  of  the  salivary  glands,  the  organs 
became  atrophied,  but  they  did  not  undergo  the  [>ecuUar  putrefactive  change  which  was 
observed  in  the  kidneys.    The  same  eflect  was  produced  when  the  nerve  was  paralyzed  by  j 
introducing  a  few  drops  of  a  solution  of  woorara  at  the  origin  of  the  little  artery  which 
is  distributed  to  the  submaxillary  gland. 


General  Stmeture  of  Secreting  Organt.-^ln  treating  of  the  mechanism  of  secretion  ' 
and  excretion,  it  has  been  evident  that  all  glandular  organs  must  be  supplied  w  ith  blood 
to  furnish  the  materials  for  secretion,  and  be  provided  with  epithelium,  which  changes 
these  matters  into  the  characteristic  elements  of  the  secretions.  We  can  understand  how 
certain  of  the  hquid  and  saline  constituents  of  the  blood  can  escape  by  exosmosia  thrt^ugh 
the  homogeneous  walls  of  the  capillaries,  hut  the  more  complex  secreted  tluids  require 
for  their  formation  a  different  kind  of  action ;  although,  in  the  act  of  secretion,  there  is 
considerable  transudation  of  liquid  and  saline  matters,  which  take  up  in  their  course  the 
peculiar  principles  formed  by  the  cells. 

Although  it  is  somewhat  difficult  to  draw  a  line  between  transudation  and  the  simplest  | 
forms  of  secretion^  it  may  be  assumed^  in  general  terms^  that  fluids  which  are  exhaJod 
directly  from  the  blood-vessels,  w*ithout  the  intervention  of  glandular  apparatus  or  of  ft 
secreting  membrane,  are  traUvSudations ;  while  all  fluids  prmiuced  by  simple  membranes  i 
or  by  follicles,  or  which  are  discharged  from  the  ducts  of  glands,  are  secretions.     TIjIs  | 
division  places  the  intermuscular  fluid  and  the  fluid  found  in  all  soft  tiesues  among  the 
transudations,  and  the  serous  and  synovial  fluids  am^ing  the  secretions. 

The  serous  and  synovial  membranes  present  the  simplest  form  of  a  secreting appcnttna« 
Dlood  is  supplied  to  them  in  small  quantity,  and,  on  their  free  surfaces,  are  arranged  one 
or  two  layers  of  epithelial  cells  which  ©fleet  the  slight  changes  that  take  place  in  the 
transuded  fluids.  In  some  of  the  serous  membranes,  as  the  pleura  and  peritoneum,  the 
amoimt  of  secretion  is  very  email ;  but  others^  like  the  serous  pericardium  and  llie  synovia] 
membrimes,  secrete  a  considerable  quantity  of  fluid.  The  action  of  all  of  these  membranes 
may  become  exaggerated,  as  a  pathological  condition,  and  the  amount  of  their  secretions 
19  then  very  large. 

Anatomists  have  now  a  pretty  clear  idea  of  the  structure  of  what  are  called  the 
glandular  organs;  and  it  will  bo  seen  that  they  simply  present  an  arrangement  by  which 
the  secreting  surface  is  increased,  and  at  t^ie  same  time  compressed,  as  it  were»  into  a 
comparatively  small  space*  The  mucous  follicles,  for  example,  are  simple  inversions  of  a 
portion  of  the  mucous  membrane ;  while  the  ordinary  racemose  glands  are  nothing  more 
than  collections  of  follicles  around  the  extremities  of  excretory  ducts.    These  ideas  con- 
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f  Ibe  general  anatomy  of  the  gknds  date  from  tbi5  observations  of  Malpit'bi,  who 
^  the  first  to  correct  the  ofd  notion  that  the  secretioQS  wero  disohjirged  into  the  glan^ 
dalttr  orgsQi  throogh  openings  in  the  hlood-vessels.  It  i»  evident  that  nothing  could  have 
,  htftxk  koowii  of  the  mechanism  of  sdcretion  before  Uie  connection  between  the  arteries 
bad  been  ascertained,  which,  it  wrill  be  remembered,  was  ulso  discovered  by 
111.  Although  the  ideasi  of  Malpighi  were  not  at  rirst  generally  received,  more 
; ob««^'*ntions  with  the  microscope  have  shown  that  they  were  in  the  main  correct; 
ahliMigli^  from  the  imperfection  of  his  optical  instrunient^,  Malpiglii  was  iimibJe  to  iuves- 
tigBl*  verj  thoroQghlT  the  minute  structure  of  the  gUnds* 


Amai&mwil  Cl^u^ifieatUm  of  Glandular  Organ*. — ^Tho  organs  whioh  produce  the 
secretions  are  eusceptible  of  a  claBsification  according  to  their  anatomical  pecn- 
which  greatly  faciliUitos  their  stndy.     They  may  be  divided  as  follows: 
1.  Stcf^tin*;  memhranf^, — Examples  of  these  are  the  seroua  and  synovial  mcmbranea, 
%  i^lkular  glaufh, — Esamplei*  of  these  are  the  simple  mucotia  follicles,  tlie  fullicles 
«f  liebcrkHhn,  and  the  ntenne  follicles. 

t,  TithUar  glands. — Examples  of  these  are  the  ceruminoua  glands,  the  sudoriparous 
flaiids,  and  the  kidneys. 

C  E^^mOM  ghimh,  iimph  and  compound, — Examples  of  the  simple  racemose  glands 
Vt  thib  lelicuseoua  and  Meibomian  glands,  the  tracheal  glands,  and  the  gland.s  of  Brunner. 
finmplea  of  the  com[iound  racemose  glands  are  the  salivary  glands,  the  pancreas^  the 
iMbrjinal  glands,  and  the  mammary  glands. 

fi»  Dtutl^a,  or  hlood-glunds. — Examples  of  these  are  the  thymus,  the  thyroid,  the 
npra-r«Da1  capsules,  and  the  spleen. 

The  lirer  is  a  glandalar  organ  whioh  cannot  be  placed  in  any  one  of  the  aboTC  sub- 
ditiiiioos,  M  we  shall  see  when  we  come  to  treat  specially  of  its  anatomy.  The  lymphatic 
glands  and  other  parts  connected  with  the  lymphatic  and  the  lacteal  system  are  not 
fiabraced  in  the  above  classification.    These  are  sometimes  called  conglobate  glands. 

The  genera!  structure  of  secreting  membranes  and  the  follicular  glands  is  very  simple. 
The  #w?r^tlng  parts  consist  of  a  membrane,  generally  homogeneous,  on  the  secreting  8ur- 
(kc  of  wluoh  are  found  epithelial  ceUs,  either  tesselated  or  of  the  variety  called  glandular. 
Beneath  this  membrane,  ramify  the  blood-vessels  which  furnish  the  elements  of  the  secre* 
^^■1^'  The  follicular  glands  are  simply  digital  inversions  of  this  structure,  with  rounded, 
Jreraitiea,  the  glandular  epithelium  lining  the  follicles. 

'   "^  ilar  glands  have  e^entially  the  same  structure  as  the  follicles,  except  that  the 
f  :u  And  are  more  or  less  convoluted.     The  more  complex  of  these  organs  con- 

1  blood-vessels,  nerves,  aud  lymphatics. 

^mose  glands  are  composed  of  branching  ducts,  around  the  extrera- 

which  are  arranged  collections  of  rounded  follicles,  like  bunches  of  grapes^     In 

:i  to  the  t-pithelium,  basement-membrane,  and  blood-vessels,  these  organs  contain 

'.  fibro-plastio  elements,  lymphatics,  involuntary  muscular  fibres,  and 

-    c^     ill  :in.i  simple  racemose  glands  the  excretory  duct  does  not  branch. 

Tli«  duetlees  trlands  ct>Dt.iici  blood-vessels,  lymphatics,  nerves,  sometimes  involuntary 
Wiciil  1    "  s  and  a  peculiar  structure  called  pulp,  which  is  com- 

f*^'.  illy  with  dosed  vesicles.    Those  are  somotimes" called 

blouil-gliiidji,  bvcauao  Ujey  are  supposed  to  modify  the  blood  as  it  passes  through  their 
takt&mre. 

Thf  UMiicltds  and  the  ovaries  are  not  simply  glandular  organs ;  for,  in  addition  to  the 
fudfiction  of  mucouA  or  watery  secretions,  their  principal  function  is  to  develop  certain 
liitoiEdQal  elem^mts,  the  spermatozotds  and  the  ova.  The  physiology  of  these  organs 
^  bft  conildered  in  connection  with  the  subject  of  generation 

Om^ktMm  p/  ike  Secreted  Flmds.^The  products  of  the  various  glands  may  be 
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divided,  according  to  their  function,  into  secretions  and  excretions.  The  secreted  flnids 
may  he  suhdivided  into  the  permanent  secretions,  which  haye  a  more  or  less  mechanical 
function,  and  transitory  secretions;  some  of  the  latter,  like  mncos,  are  thrown  off  in 
small  quantity,  without  heing  actually  excrementitions ;  others,  like  most  of  the  digestive 
fluids,  are  produced  intermittently  and  they  rapidly  and  finally  undergo  resorption. 

Tabular   View  of  the  Secreted  Fluids. 
Secretiom  Proper. 
Permanent  Fluids, 

Vitreous  humor  of  the  eye. 

Fluid  of  the  labyrinth  of  the  internal  ear. 

Cepbalo  racbidian,  or  subarachnoid  fluid. 


Serous  fluids. 

Synovial  fluid. 

Aqueous  humor  of  the  eye. 


Tranntory  Fluids. 


Mucus,  in  many  varieties. 
Sebaceous  matter. 

Cerumen,  the  waxy  secretion  of  the  external  me- 
atus. 
Meibomian  fluid. 
Milk  and  colosti-um. 
Tears. 


Saliva. 

Gastric  juice. 

Pancreatic  juice. 

Secretion  of  the  glands  of  Brunner. 

Secretion  of  the  follicles  of  Lieberkiihn. 

Secretion  of  the  follicles  of  the  large  intestine. 

Bile  (abo  an  excretion). 


ExcretioriB, 
Perspiration  and  the  secretion  of  the  axillary  i  Urine. 

I  Bile  (also  a  secretion). 


Fluids  containing  Formed  Anatomical  Elements, 
Seminal  fluid,  containing,  beside  spermatozoids,  the  secretions  of  a  number  of  glandular  structures. 
Fluid  of  the  Graafian  follicles. 


Physiological  A7iatomy  of  the  Serous  and  Synovial  Membranes. 

The  serous  and  synovial  membranes,  which  are  frequently  classed  together  by  anato- 
mists, present  several  well-marked  points  of  distinction,  both  as  regards  their  stmcture 
and  the  products  of  their  secretion.  The  serous  membranes  are  the  arachnoid,  pleura, 
pericardium,  peritoneum,  and  tunica  vaginalis  testis.  The  synovial  membranes  are 
found  around  all  the  movable  articulations.  Tliey  also  form  elongated  sacs  enveloping 
many  of  the  long  tendons,  and  they  exist  in  various  parts  of  the  body  in  the  form  of 
shut  sacs,  when  they  are  called  bursa). 

Serous  Membranes. — The  structure  of  the  serous  membranes  is  very  simple.  They 
consist  of  a  dense  tissue  of  fibres,  which  is  frequently  quite  closely  adherent  to  the  sub- 
jacent parts,  covered  by  a  single  layer  of  pavement,  or  tesselated  epithelium.  The 
fibres  are  mainly  of  the  inelastic  variety,  arranged  in  bundles,  interlacing  each  other  in 
the  fonn  of  a  close  net-work,  and  mingled  with  small,  wavy  fibres  of  elastic  tissue  and 
numerous  blood-vessels.  It  has  not  been  satisfactorily  demonstrated  that  the  serous 
membranes  contain  nerves  and  lymphatics,  although  the  latter  are  generally  quite  abun- 
dant in  the  subjacent  parts,  particularly  beneath  the  serous  membranes  covering  the 
viscera.  The  capillary  blood-vessels  are  in  the  form  of  a  close,  polygonal  net-work,  with 
sharp  angles.  The  epithelium  of  the  serous  membranes  is  pale,  regular,  with  rather 
large  nuilei,  and  is  easily  detached  after  death.  These  membranes,  as  a  rule,  form  closed 
sacs,  with  their  opposing  or  free  surfaces  nearly  in  apposition.  The  secretion,  which  is 
generally  very  small  in  (juantity,  is  usually  contained  in  their  cavity.  The  exception  to 
this  rule  is  the  arachnoid  membrane,  the  surfaces  of  which  are  exactly  in  apposition. 
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tSM  flQid  b«iiig  dluated  Ixjneath  both  layers,    TIio  peritoneum  of  the  femalo  has  an  open- 
ing on  either  fide  for  the  Fallopinn  tuhes^t. 


J^fmaviai  MemhrantM. — ^Th©  truo  synovial  membranes  are  found  m  the  dlarfchrodiiiJ,  or 
fcrticiiljilions ;  but  in  various  parte  of  the  body  are  found  closed  aare,  sh<?atbi^ 
which  reeenible  synovial  membranes  both  in  structure  and  in  ftmctii^n.  Every  mova- 
lile  jomt  ia  enveloped  in  a  capsule,  which  ie  cloaely  adherent  to  the  edges  of  the  ariicu- 
Utinf  cartila^re  and  Ls  even  reflected  upon  its  snrfa^se  for  a  short  di5tanc<>.  Jt  M'oa  for- 
merly thooght  that  these  membranes^  like  the  serous  sacs,  wero  closed  ba^s,  witli  one 
lijref  allaohed  to  the  cartilage  and  the  other  passing:  between  the  bones  &o  a^  to  enclose 
Ibo  JosBt;  but  it  is  now  the  general  opinion  that  the  cartilage  which  tncrusts  the  arttcu- 
extremities  of  the  bones,  though  bathed  in  synovial  fluid,  is  not  itself  covered  by 
ibrane. 
The  fibrous  portion  of  the  synovial  membranes  is  more  dense  and  resisting  and  less 
than  the  serons  inerabranesi.  It  is  composed  of  white  inelastic  fibrous  tis-Hue^  with 
A  few  elastle  fibres  and  blood-vesaele.  The  latter  are  generally  not  so  numerous  as  in 
th«  serooa  inembranea.  The  internal  surface  is  lined  with  small  cells  of  flattened  pave- 
mieDt^liiibelium,  with  rather  large,  rounded  nuclei.  The^e  cellti  exist  in  from  one  to  two 
fmr  layers. 

la  most  of  the  joints,  especially  those  of  large  size,  as  the  knee  and  the  hip,  the  syno^ 
abrane  is  thrown  into  folds  which  contain  a  considerable  amount  of  truo  adipose 
In  nearly  all  the  joints,  tbe  membrane  presents  fringed,  vascular  processes, 
tooietlmes  synovial  fringes,  Tliese  are  composed  of  looped  vessels  of  ooosiderablo 
•n»;  Old  when  iiyeoted  they  bear  a  certain  resemblance  to  the  choroid  plexus.  The 
f4fei  of  these  fringes  present  numerous  leaf-Iiko,  membranous  ojipendages,  of  a  great 
Ttfieiy  of  curious  forms.  They  are  generally  situated  near  the  attachment  of  tlie  mem- 
iirafie  U>  the  cartilage.  There  is  no  reason  for  supposing  that  either  the  adipose  fulds  or 
she  Tiactjlar  fringes  have  any  bpecial  otfice  in  tho  production  of  tlie  synovial  seeretion 
4iftn^ent  from  that  of  other  portions  of  the  membrane,  although  snob  a  theory  has  been 

The  arrangement  of  the  synovial  baraos  is  very  simple.     Wlierever  a  tendnn  playa 
over  1  bony  surface,  w^e  find  a  delicate  membrane  in  the  form  of  an  irregularly-shaped, 
cluwd  8ttc,  one  layer  of  which  is  attached  to  the  tendon,  and  the  other,  to  the  bone* 
TUesf  face  are  lined  with  an  epithelium  like  that  found  in  the  synovial  cavities,  and  they 
n<r«ta  ft  true  synovial  fluid.     Numerous  bursa?  are  also  found  beneath  the  skin,  esfpe- 
oaDy  in  parts  wijere  the  integument  moves  over  bony  prominences,  as  the  olecranon, 
tU  patella,  and  tho  tuberosities  of  the  ischinm.    Thexe  saca^  sometinies  called  burs® 
QaeoMB,  are  much  more  common  in  man  than  in  the  inferior  animals  and  have  essen- 
tially the  aanie  function  as  tho  deep-seated  bursro.     The  form  of  both  the  snperticiftl  and 
t!*<'t»-*eated  borate  is  very  irregular,  and  their  interior  is  frequently  traversed  by  small 
'f  fibrous  tissue.    The  synorial  sheaths,  or  vaginal  processes,  \xbq  the  canala  in 
'V     long  tendons  play,  particularly  the  tendons  of  the  flexors  and  extensors  of 
ind  toes.     They  have  essentially  the  same  structure  as  the  bursio,  and  present 
f  which  lines  the  canal,  while  the  other  is  reflected  over  the  tendon. 
i^  described  in  connection  with  the  articular  synovial  membranes,  are 
ny  of  the  bursa;  and  the  synovial  sheaths, 

PtriMftlittt^  Prritoneal^  and  PUural  Stcretwnt, — In  the  normal  condition  of  the  true 
*<f*in» membranes,  the  amount  of  secretion  is  very  small ;  so  small,  indeed,  that  it  never 
hn  Wn  ot/taloed  in  quantity  suflicient  for  ultimate  analysis.  It  is  not  true  that  these 
B>^l*nnw  produce  merely  a  vaporous  exhalation.  Tlieir  secretion  is  always  liquid, 
itoitimall  as  it  b  to  quantity,  i^  can  be  found  in  the  pericardial  sac  and  sometimes  in 
^lov«r  part  of  the  abdominal  cavity.    As  the  only  apparent  fiinetion  of  these  fluida 
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IB  to  moisten  the  membranes  00  that  the  opposing  surfaces  can  move  orer  each  other 
without  undue  friction^  only  enough  fluid  is  secreted  to  keep  thes^  surfaces  in  a  proper 
condition.  The  error  frequently  committed  by  authors,  in  describing  the  serous  exhak- 
tions  as  vaporous,  is  due  to  the  fact  that  a  vapor  is  generally  given  off  when  the  serous 
cavities  are  exjjosed,  either  in  a  living  animal  or  in  one  recently  killed.  This  vaporous 
exhalntion  takes  place  after  exposure  of  the  parts ;  hut,  if  the  cavities  be  observed  with- 
out exposing  the  serous  surfaces  to  the  air,  a  certain  quantity  of  liquid  can  be  detecte4* 
Colin  always  found  liquid  in  the  peritoneal,  pericardial,  and  pleural  cavities  of  aDunalA 
recently  killed  or  opened  during  life.  In  these  cavities,  the  opposite  surfaces  of  the 
serous  membrane  were  either  in  contact  or  the  space  between  them  was  filled  with 
liquid*  In  one  of  the  small  ruminantS|  he  removed  the  muscles  and  the  elastic  ionic 
from  the  lower  part  of  the  abdomen,  exposing  the  transparent  peritoneum,  and  through 
this  membrane  he  could  see  liquid  collected  in  the  dependent  parts. 

As  far  as  has  been  ascertained,  the  secretions  of  the  different  serous  membranes  bear 
a  close  resemblance  to  each  other.  They  are  either  colorless  or  of  a  slight  amber  tingei 
alkaline  in  reaction,  and  have  a  specific  gravity  of  from  1012  to  1020,  Their  composi- 
tion resembles  t!iat  of  the  serum  of  the  blood,  except  that  the  proportion  o(  w^ater  is 
very  much  greater.  They  contain  albumen,  chlorides,  carbonate  and  phosphate  of  soda, 
and  a  little  glucose.  These  facts  are  the  result  of  observations  upon  the  serous  fluids  of 
some  of  the  inferior  animals ;  and  it  is  exceedingly  difficult  to  obtain  the  normal  fluids 
from  the  human  subject.  The  elaborate  analyses  which  are  sometimes  given  of  the 
fluids  from  the  different  serous  cavities  in  the  human  subject  are  the  results  of  examtnd' 
tions  of  large  morbid  accumulations. 

The  normal  quantity  of  pericardial  fluid  In  the  human  subject  is  generally  estimal^ 
at  from  one  to  two  fluidrachms.  Colin  found  that  the  pericardial  sac  of  the  horse  con- 
tained from  two  and  a  half  to  three  and  a  half  fluidouncea,  the  cavity  being  exx^osed 
immediately  after  the  death  of  the  animal  from  haemorrhage. 

The  quantity  of  fluid  found  in  the  peritoneal  cavity  in  horses  killed  in  this  way  was 
from  ten  to  thirty -four  fluidounces. 

The  quantity  of  fluid  in  the  pleural  cavity  in  the  same  animal  was  from  three  and  a 
half  to  seven  fluidounces. 

These  estimates  are  simply  approximative;  but  they  give  an  idea  of  the  normal 
qtiantity  of  liquid  which  may  reasonably  be  supposed  to  exist  in  the  serous  cavities  of 
the  human  subject.  Judging  from  the  weight  of  a  man  of  ordinary  size  as  compared 
with  that  of  a  horse,  it  may  be  stated,  in  general  terms,  that  the  pericardial  sac  conlaini 
from  two  and  a  half  to  three  and  a  half  fluidrachms ;  the  peritoneal  cavity,  from  one  to 
four  fluidounces;  and  the  pleural  sac,  from  three  and  a  half  to  ^evon  fluidrachms. 

The  fluid  in  the  cavity  of  the  tunica  vaginalis  is  small  in  quantity  and  resembles  in 
every  respect  the  peritoneal  secretion.  The  cephalo-racbidlan,  ur  subarachnoid  fluid 
will  l»e  described  in  connection  with  the  anatomy  of  the  cerebro-spinal  nervuus  system. 
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Synovial  Fluid. — Although  there  is  a  certain  similarity  between  the  serous  and  the 
synovial  membranes,  their  secretions  differ  very  considerably  in  their  physical  and  chemi-  i 
cal  characters.  Like  the  serosities,  the  synovial  fluid  has  simply  a  mechanical  function ; 
hut  it  is  more  viscid  and  contains  a  larger  proportion  of  organic  matter  than  the  serous 
fluids.  The  quantity  of  fluid  in  the  joints  is  sufficient  to  lubricate  freely  the  artionlating 
surfaces.  In  a  horse  of  medium  size  and  in  good  condition,  examined  imnuHliat*?ly  after 
death,  Colin  found  1*6  fluidrachm  in  the  shoulder-joint;  10  drachm  in  the  elbow- 
joint;  rC  drachm  in  the  coxo-femorai  articulation;  2'2  in  the  femoro-tibial  articula- 
tion; and  r9  in  the  tibio-tarsal  articulation. 

When  perfectly  normal,  the  synovial  fluid  is  either  colorlesswor  of  a  pale,  yellowish 
tinge.  It  is  §0  viscid  that  it  is  with  ditficulty  poured  from  one  vessel  into  another.  This 
peculiar  character  is  due  to  the  presence  of  an  organic  substance  called  synovine.    When 
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this  organic  matter  baa  been  extracted  and  mixed  with  water,  it  gives  to  the  fluid  the 
peculiar  viscidity  of  the  synovial  secretion.  The  reaction  of  the  fluid  is  faintly  alkaline, 
on  account  of  the  presence  of  a  small  proportion  of  carbonate  of  soda.  The  fluid,  espe- 
cially when  tlie  joints  have  been  much  used,  usually  contains  in  suspension  pale  epithe- 
lial cells  and  a  few  leucocytes.  The  following  is  the  composition  of  the  synovial  fluid 
of  the  hnman  anbject : 

Composition  of  t/ie  Synovial  Fluid.     (Robin.) 

Water 928-00 

Sjnovine  (called  albumen) 64*00 

Principles  of  organic  origin  (belonging  to  the  second  class  of  Robin) not  estimated. 

Fatty  matter 060 

Chloride  of  sodium  )  ^.^ 

Carbonate  of  soda   \ 

Phosphate  of  lime 1-60 

Ammonio-magnesian  phosphate traces. 

The  observations  of  Frerichs  indicate  considerable  variations  in  the  composition  and 
general  characters  of  the  synovial  fluid,  dependent  upon  use  of  the  joints.  In  a  stall- 
fed  ox,  the  proportion  of  water  to  solid  matter  was  969*90  to  80*10 ;  and,  in  animals 
that  took  considerable  exercise,  the  proportions  were  948*54  of  water  to  51*46  of  solid 
matter.  In  the  latter,  the  fluid  wos  more  viscid  and  contained  a  larger  proportion  of 
synovine  with  a  smaller  proportion  of  salts.  It  was  also  more  deeply  colored  and  con- 
tained a  larger  number  of  leucocytes. 

Like  the  serous  fluids,  the  synovial  secretion  is  produced  by  the  general  surface  of  the 
membrane  and  not  by  any  special  organs.  The  folds  and  fringes  which  have  been  de- 
scribed were  at  one  time  supposed  to  be  most  active  in  secreting  the  organic  matter,  but 
there  is  no  evidence  that  they  have  any  such  special  office. 

The  aqueous  humor  of  the  eye  and  the  fluid  of  the  labyrinth  of  the  internal  ear  resem- 
ble the  serous  secretions  in  many  regards ;  but  these  fluids,  with  the  vitreous  humor, 
w*dl  be  considered  in  connection  with  the  physiological  anatomy  of  the  eye  and  ear. 

Mucus. 

MueouM  Membranes. — The  mucous  membranes  in  different  situations  present  impor- 
tant peculiarities  in  structure,  many  of  which  have  already  been  considered.  We  have 
described  in  detail  the  mucous  membrane  of  the  air-passages  and  of  the  alimentary  canal, 
ia  connection  with  the  subjects  of  respiration  and  digestion;  and  the  membranes  in  other 
parts  will  necessarily  be  described  in  treating  of  the  physiology  of  the  organs  in  which 
they  are  found.  It  will  be  sufficient  at  present  to  take  a  general  view  of  the  structure 
of  these  membranes  and  the  mechanism  of  the  production  of  the  various  fluids  known 
under  the  name  of  mucus. 

A  distinct  anatomical  dinsion  of  the  mucous  membranes  may  bo  made  into  two 
flasaes,  as  follows :  First,  those  provided  with  pavement-epithelium  ;  and  second,  those 
prorided  with  columnar  or  conoidal  epithelium.  All  of  tlio  mucous  membranes  line 
ctrities  or  tubes  communicating  with  the  exterior  by  the  diflx^rent  openings  in  the  body. 

The  following  are  the  principal  situations  in  which  the  first  variety  of  mucous  mem- 
branes, covered  with  pavement-epithelium,  are  found:  The  mouth,  the  lower  part  of  the 
pbrynx,  the  oesophagus,  the  conjunctiva,  the  female  urethra,  and  the  vagina.  In  these 
Sitnationt,  the  membrane  is  composed  of  a  chorion  made  up  of  inelastic  and  elastic 
fibroaa  tissue,  a  few  fibro-plastic  elements,  with  capillaries,  lymphatics,  and  nerves.  The 
elastic  fibres  are  small  and  quite  abundant.  The  membrane  itself  is  loosely  united  to 
tbe  aobjacent  parts  by  areolar  tissue.  The  chorion  is  provided  with  vascular  papilla?, 
Qiore  or  less  marked ;  but,  in  all  situations,  except  in  the  pharynx,  the  epithelial  cover- 
23 
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iog  fills  up  the  spaces  betw^een  these  papHlw,  so  that  the  nierabrflne  prceents  a  fimooth 
ftorface.  Between  the  chorion  and  the  epitheliain,  ts  an  amorphous  basemeut-membnmc?. 
The  mucous  ghmds  open  upon  tlio  fiurface  of  the  membrane  by  their  ducts,  but  the  glan* 
dular  structure  h  situated  in  the  svjbmuoous  areolar  tissue.  These  gUinds  hnve  xn4iijr  of 
them  been  described  in  connection  with  the  mucous  membrane  of  the  mouth,  i>hflJ7iLr, 
and  OBsophagua,  They  are  generally  simple  racemose  glands^  presenting  a  collection  of 
follicles  arranged  around  the  extremity  of  a  single  excretory  duct,  lined  or  ^Ued  with 
ronnded^  nucleated  epithelium.  The  pavement-epithelium  covering  these  membranei 
exists  generally  in  several  layers,  and  presents  great  variety,  both  in  form  and  size.  Thi 
most  superticiiil  layers  are  of  large  size,  flattened,  and  irregularly  polygonal.  The  deepej 
layers  are  smaller  and  more  rounded.  The  size  of  the?^e  cells  is  from  ^3^1^  ^^  xhr  ^^  *"• 
inch.  The  cells  are  pale,  slightly  granular,  and  possess  a  fimall,  ovoid  nucleus,  with  one 
or  two  nucleoli. 

The  second  variety  of  mucous  membranes^  covered  with  columnar  epithelium,  is  found 
lining  the  alimentary  canal  below  the  cardiac  orifice  of  the  stomach,  the  biliary  pasea^es 
the  excretory  ducts  of  all  the  glands,  the  nasal  passages,  the  upper  part  of  the  pharynx, 
the  uterus  and  Fallopian  tubes,  the  bronchi,  the  Eustachian  tubes,  and  the  mole  urethra. 
In  certain  situations^  this  variety  of  epithelium  is  provided  on  its  free  ^irface  with  tittle 
hair-like  processes  called  cilia.  During  life  the  cilia  are  in  constant  motion^  producing  a^ 
current  generally  in  the  direction  of  the  mucous  orifices.  Ciliated  epithelium  is  found 
throughout  the  nasal  passages,  comineDcing  about  three-quarters  of  an  inch  within  tho 
nose ;  in  the  upper  part  of  the  pharynx  ;  the  posterior  surface  of  the  soft  palate  ;  the  En- 
stachiim  tube;  the  tympanic  cavity;  the  larynx,  trachea,  and  bronchial  luht-s,  until  ihcr 
become  less  than  ji^j  of  an  inch  in  diameter ;  the  neck  and  body  of  the  uterus ;  the  Fal- 
lopian tubes;  the  internal  surface  of  the  eyelids;  and  the  ventricles  of  the  brain.  Thii 
variety  of  mucous  membrane  is  formed  of  a  chorion,  a  basement-membrane,  and  eptthe^ 
Hum.  The  chorion  is  composed  of  inelastic  and  elastic  fibres,  with  fibro-plastic  tlo- 
ments^  a  few  unstriped  muscnlar  tibres,  amorptious  matter,  Vdood-vessel:*,  nerves^  and  lym- 
phatics. It  is  less  dense  and  less  elastic  than  the  chorion  of  the  first  variety  and  is  gttrn* 
erally  more  closely  united  to  the  subjacent  tissue.  The  surface  of  these  membranes  ia 
generally  smooth,  the  only  exception  being  the  mucous  membrane  of  the  p\  loric  portion 
of  the  stomach  and  the  small  intestines.  These  membranes  are  provided  with  follicular 
glands,  extending  through  their  entire  thickness  and  terminating  in  rounded  extremities, 
sometimes  single  and  sometimes  double,  which  rest  upon  the  submucous  structure.  Miioy 
of  them  are  provided  also  with  simple  racemose  glands,  the  ducts  passing  through  th# 
membrane,  the  glandnlnr  structure  being  situated  in  the  submucous  areolar  tissue.  Th<» 
columnar  epithelium  covering  these  membranes  rests  upon  an  ainorphons  atnicturr^ 
called  basement-membrane.  It  generally  presents  but  few  hiyers,  and  somcltmcrs^  as 
in  the  intestinal  canal,  there  is  only  a  8in;:le  layer.  The  cells  are  prlsmoidal,  witli  a 
large,  free  extremity,  and  a  pointed  end  which  is  attached.  The  lower  strata  of  cells 
are  shorter  and  more  rounded  than  those  in  the  superticial  layer.  The  cells  are  pale, 
very  closely  adherent  to  each  other  by  their  sides,  and  provided  with  a  moderate-fcizcd, 
oval  nucleus  with  one  or  two  nncleolL  The  length  of  the  cells  is  from  ^^  to  ^y  of 
incK  ftnd  tlieir  diameter,  from  ^A^  ^^  tsVij  ^^  ^^  mch.  When  villosities  exist  on  ilio 
surface  of  the  membranes,  the  cells  follow  the  elevations  and  do  not  tlH  up  the  spaott 
between  them,  as  in  most  of  the  membrants  covered  with  pavement-epithelium. 

The  mucous  niembrane  of  the  urinary  bladder,  the  ureters,  and  the  f»elvis  of  the  Ittd- 
neys,  cannot  be  clansed  in  either  of  the  above  divisions.  They  are  covered  Avith  mixed 
epithelium,  presenting  all  varieties  of  form  between  the  pavement  aud  the  coltiinnnr,  some 
of  the  cells  being  caudate  and  quite  irregalar  in  shape. 

Mfchaniifm  of  the  Secretion  4^  Mncm, — Nearly  every  one  of  the  great  raricty  of 
flaids  known  under  the  name  of  mucus  is  composed  of  the  products  of  several  ditTerent 
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ftAiidaliir  structures.  According  to  Bobin,  rnucua  proper  is  prodaced  bj  the  epitbeMal 
o^Ui  of  Uut  portion  of  the  membrane  situated  on  the  surface,  between  the  oi)eujng  of 
ll>e KKcnllod  mueous  foIUclea  or  glands;  while  the  secretion  of  these  special  glunduJar 
ot;^ail9  always  possesses  peculiar  properties*  It  is  undoabtedly  true  that  certain  tiiem- 
brases  which  do  not  jiossess  glands,  us  tbe  mucouB  lining  of  tlie  ureters  and  a  g:reat  por- 
CKm  of  til©  nrinary  bla<lder,  are  capable  of  secreting  mucus.  ,  The  mucous  membrane  of 
til«  itomaeh  producer  an  alkaline^  viscid  secretion,  during  tlio  intervals  of  dige»ition, 
tb^  gastric  glands  do  not  act ;  and  the  gastric  glands,  during  dijirestioiv,  secrete  a 
of  an  entirely  dilTerent  character.  The  fluid  proihiced  by  the  follicles  of  tb*?  small 
ittteiUlM^  likewise  has  peculiar  digeBtive  properties.  Thene  drcumstimces,  and  the  fact 
tbit  tb^  «ittjre  extent  of  the  mucou^i  membranes  \s  covered  with  more  or  lesi^  secretion, 
•bofr  that  the  general  epithelial  covering  of  theiao  membranes  is  capable  of  secreting  a 
finid  which  fiirms  one  of  the  constituentis  of  what  is  ordinarily  recognizee!  as  mucus.  It 
M  imposmble,  hovrever,  to  separate  the  secretion  of  the  superficial  layer  of  ctlis  from  the 
fialds  that  are  found  on  the  macous  membranes ;  and  it  will  be  morecouveuient  to 
a»  cuQcns,  the  secretion  which  is  fouod  upon  mucous  membranei^  except  when,  as 
of  the  frastrio  or  the  intestinal  juice^  we  can  recognize  a  special  tiuid  by  cer- 
re  physiological  properties. 
t1l«  membranes  covered  with  cylinJer-epithclium,  which  are  usually  provided  with 
Ton^  «*!Tn|»le  follicles,  the  secretion  is  produced  ma'mly  by  these  follicles,  but  in  part 
ih*  11  covering  the  general  stirfsicc.    Tlie  membranes  covered  with  pavement- 

iltt  1  !ly  contain  but  k'w  fullicles  and  are  provided  with  simple  racemose  glands 

J  in  the  submucous  structure,  which  are  to  be  regarded  rather  as  appendages  to 
M.  ^ii^mbrane.  The  secretion  is  here  produced  by  the  epithelium  on  the  free  surface 
tad  m  tdways  mixed  with  fiuids  resulting  from  the  action  of  the  mucous  glands. 

Tb<*re  is  nothing  to  be  said  with  regard  to  the  mechanism  of  tlje  secretion  of  mucus 
b-Tirutl  what  hriH  already  been  stated  in  connection  with  the  general  mechanism  of  secre- 
\  ''  mucous  metnbrane^  are  quite  vascular,  and  tiie  cells  covering  the  mom- 
;  ;  1  n  MLT  the  follicles  and  gland:^  attached  to  it  have  the  property  of  taking  from 
ihe  Uluytl  the  materials  necessary  fur  the  funiintion  of  the  secretion.  These  principles 
f'i'i  Mut  of  the  cells  upon  the  sjurface  of  the  membrane  in  connection  with  water  and 
ini»nmalc  ftalts  in  variable  proportion.  Many  of  the  cells  themselves  are  desquamated 
mi  ttr«  found  in  tho  secretion,  together  with  a  few  leucocytes,  which  aro  produced  upon 
muroui  surfaces  with  great  facility. 

C^mptMtUhn  and  Varieties  of  Muem, — In  comparing  the  secretions  of  the  different 
nmrvjii!  membranes,  each  one  will  be  found  to  possess  certain  distinctive  peculiarities, 
ni'Te  ijf  less  marked;  but  there  are  certain  general  characters  which  belong  to  all  varie* 
tin  of  mucus.  The  fluid  is  usually  a  mixture  of  the  secretion  from  the  simple  raembrano 
Aod  tljp  pro<lnct  of  its  follicles  or  glandular  appendages  and  always  contains  a  certain 
m^>m\  of  desjjuamated  epithelium;  and  it  is  frequently  possible,  from  the  microscopical 
'furart^^rs  of  the  epithelium,  to  indicate  the  part  from  which  any  given  specimen  of  mucus 
l-i*  ^iteu  taken.  This  des<iuamation  of  epithelium  must  not  bo  regarded  as  a  necessary 
cninlitioti  of  the  secretion  of  mucusi,  any  more  than  the  desquamation  of  tlie  epidermio 
•eale*  b  t^  be  regarded  as  a  condition  neces*iary  to  the  secretion  of  perspiration  or  seba- 
reoun  matter.  It  is  a  property  of  the  epidermis  and  the  epitliellal  covering  of  mucous 
ntfflnltfjines  to  be  regenerated  by  the  formation  of  new  cells  from  below,  the  etfete  struct- 
tt^«*  Uiog  thrown  off,  and  the  admixture  of  these  WMth  mucus  is  simply  accidental. 
^IsucocrteSj  forraerly  called  mucus-corpuscles,  are  the  result  of  irritation  of  the  nio- 
*'»•  tacmbraDO  And  are  not  constant  constituents  of  normal  mucus. 

AH  th«  raricties  of  mucus  are  more  or  less  viscid  ;  but  this  character  is  v^vy  variable 
*Btli^iecnetions  tlrom  different  membranes,  in  some  of  tbern  the  secretion  being  quite 
ind,  tnd  in  othcra,  almost  ^misoUd.     The  different  kinds  of  muoue  vary  considerably  in 


35a 


SECRETION. 


general  appearance.  Sonie  of  them  are  perfectly  clear  and  colorless ;  but  tbe  secretii 
is  generally  grayish  and  semi  transparent.  Examined  by  the  microscope,  in  addition 
the  mixture  of  epithelium  and  the  occasional  leucocytes,  which  ^vc  to  the  fluid  itjA  ieni 
opaque  ehuraeter,  the  mass  of  the  secretion  presents  a  very  finely-striuted  api»carance, 
.though  it  were  composed  of  thin  layers  of  a  nearly  trsinsparent  substance*  uilh  mai 
■folds.  These  delicate  stria;  do  not  usually  interlace  with  each  other,  and  they  are  rei 
dered  more  distinct  by  the  action  of  acetic  acid.  Thi3  appearance,  w  ith  the  peculii 
etfect  of  the  acid,  is  characteristic  of  mucus.  Some  varieties  of  mucus  present  v«f 
fine,  pale  granulations  and  a  few  small  globules  of  oil. 

On  the  addition  of  water,  mucus  is  somewhat  swollen  hut  is  not  dissotvetL 
exception  to  this  is  the  secretion  of  the  conjunctival  mucous  iiierabrane,  which  is  coagi 
lated  on  the  addition  of  water.  As  a  rule,  the  reaction  of  mucus  is  alkaline ;  the  oo] 
exception  to  this  being  the  vugioal  nuicus,  which  is  very  fluid  and  is  disjtinctiy  acid 

It  is  exceedin^dy  difficult  to  get  an  exact  idea  of  the  proximate  composition  of  nol 
mal  mucus,  from  the  fact  that  the  quantity  secreted  by  the  membranes  in  their  natm 
condition  is  very  small,  being  just  sufficient  to  lubricate  their  surface.  All  varieties,  ho^ 
ever,  contain  a  peculiar  organic  principle,  called  mucosine,  which  gives  to  the  fluid  il 
peculiar  viscidity.  They  likewise  present  a  considerable  variety  of  inorganic  salts,  as  tJ| 
chloridea  of  sodium  and  potassium,  alkaline  lactates,  carbonate  of  soda,  phosphate 
lime,  a  small  proportion  of  the  sulphates,  and,  in  some  varieties,  traces  of  iron  and  silici 
Of  all  these  constituents^  mucosine  is  tlje  most  important,  as  it  gives  to  the  secretion  it 
characteristic  properties.  Like  all  other  organic  nitrogenized  prlneipk's,  mucosine 
coagulablo  by  various  reagents.  It  is  imperfectly  coajE:ulated  by  heat ;  and,  after  desi*-^ 
tion,  it  can  be  made  to  assume  its  peculiar  consistence  by  the  addition  of  a  small  quanli^ 
of  water.  It  is  coagulated  by  acetic  acid  and  by  a  small  ([uantity  of  the  strong  mineri 
acids,  being  redisstdved  in  an  excess  of  the  latter.  It  i^  also  coagulated  by  strong  alc4 
hoi,  forming  a  fibrinous  clot  soluble  in  hot  and  cold  water.  Mucosine  may  be  readi| 
isolated  by  adding  water  to  a  specimen  of  normal  mucus,  filtering,  and  precipitnting  wii 
an  excess  of  alcohol.  If  this  precipitate,  after  liaving  been  dried,  be  exposed  to  wat«l 
it  assumes  the  viscid  consistence  pecoliar  to  mucosiDe.  This  projjerly  serves  lo  digtt^ 
guish  it  from  albumen  and  other  organic  nitrogenized  prineiples. 

Xaml  Mucus. — The  nasal  inncus,  being  subject  to  so  many  changes  from  Irritation 
the  Schneiderian  membrane,  presents  considerable  variation  in  its  appearance  and  c*>i 
position.  Under  perfectly  normal  conditions,  it  is  very  viscid,  clear  or  slightly  o[»aqa 
and  grayish,  and  strongly  alkaline.  It  always  contains  more  or  less  columnar  epitheliu] 
In  its  behavior  in  the  presence  of  various  reagents,  it  presents  the  characteristics  whii 
we  have  ascribed  to  the  secretions  of  the  mucous  membranes  generally.  The  foUowii 
ia  the  composition  of  the  normal  secretion  : 

Composition  of  Nasal  3fffr}fs.     (Robin.) 

Water , .  93300  lo  947*00 

Maceainc  (w  Ith  a  tt-aee  of  albumen  ?) 63  SO  "  M  80 

Lactate  of  soda  (?).. I  On  *♦  5<N> 

Organic  cmtaUiae  principles 2<X»  *♦  1  t^S 

Fvitty  mutters  and  cholesterine not  estimaled.  501 

Chlorides  of  sodium  and  potojsiuni 6*60  to  (h)9 

Calcareous  and  alkaline  phosphates 3'fiO  **  2*00 


Sulphate  and  carbonate  of  sodii 


0*90  not  cstlmatiNi. 


Branch ial  and  Pulmonary  Mucub. — This  is  the  secretion  of  the  general  ronrons  fcci 
face  of  the  larynx  and  bronchial  tubes,  mixed  with  the  products  of  the  glands  sltnaled  tj 
ih^  mibstance  of  these  membrnne?=i  and  in  the  stibm neons  tissne.  In  addition  tn  thj 
Becretion,  there  is  an  exhalation  of  watery  vapor  containing  traces  of  organic  matter,  com 
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itTKtm  th«  air-cells  and  the  broDcblal  tubes  less  than  ^  of  ^  incb  In  diameter,  wbiob 
B  Dot  provided  wttb  mucoui  gknds.    This  variety  of  miicas  is  alkoliae  and  is  quite 
mlUr  to  djimI  murns  in  its  appearance  and  genera]  characters. 
Unt^MM  $eercUd  hy  the  Mucous  Membrane  of  the  Alimentary  Canal. — Througbout  tUo 
[udittLry  caital,  fcoju  the  rooath  to  the  aous,  the  lining  membrane  eecretes  a  certain 
ititf  uf  mucus,  which  does  not  differ  very  miicli  from  tlie  mucus  found  in  otiier  situa- 
^  Tluf  secretion  appear*  to  take  place  independently  of  the  act  of  digeHtioo,  and 
Bs  in  mast  parts  of  the  tract  is  not  known  to  poA-se&s  any  peculiar  digestive  prop- 
By  itgacing  all  of  the  sabvary  ducts,  the  buccal  mucus  has  been  procured.     This 
m  is  produccnl  by  the  cells  coverinj^  the  general  surface  of  the  membrane  and  is 
lith  th#  secretion  of  the  isolated  follicular  and  racemose  glands  of  the  mouth. 
^0tts  secretion  is  produced  hy  the  mucous  membrane  of  the  pharynx  and  cpsopb- 
B^   During  the  intervals  of  digeiition,  a  viscid,  alkaline  8ecreti<jn  covers  the  mucous 
nbrnae  of  the  stomach.     The  digestive  secretirms  of  the  small  intestine  are  so  viscid 
I  \\  ha*)  been  found  imposMble  to  separate  them  from  the  true  mucous  secretion ;  but 
Jly  a  secretion  of  ordinary  mucus  is  c(>nataut!y  taking  place  from  the  lining 
fte  of  both  the  small   and  the  large  intestine.     This  secretion  probably  has  a 
r  mechanical  function,  serving  to  bibrieate  the  membranes  and  facilitate  the  move- 
wttCftof  ihe  opposing  surfaces  against  each  other. 

Il>6inucoas  membrane  of  the  gall-bludder  produces  quite  an  abundant  secretion;  but 
lii»  Is  always  mixed  with  the  bile,  and  it  will  be  considered  in  connection  with  thfe  com- 
kitioQ  of  this  duid,  although  it  is  not  known  to  possess  any  peculiar  properties. 

Urinary  PuMa^et.—A  small  quantity  of  mucus  is  secreted  by  the  uri- 
ITbis  is  i)resent  in  the  normal  urine,  in  the  form  of  a  very  slight,  cloudy 
rtiiet  forms  after  the  urine  has  been  allowed  to  stand  for  a  few  hours.  A  cer- 
laiuount  of  secretion  take'?  phice  froui  tlie  mucous  membrane  of  the  bladder,  which, 
m  me  hare  seen,  does  not  possess  glands  except  near  the  neck.  This  secretion  is 
I  to  very  small  quantity,  and  it  may  be  recognized  in  the  urine  by  the  ordinary 
opical  duiractcrs  of  mucus. 
IturuM  fit  ihe^  Generative  P^tuagn, — The  vagina  secretes  a  small  quantity  of  mucus, 
bicti  ilifier?  from  the  secretions  of  the  other  mucous  menilirancs  in  being  distinctly  acid 
I  almost  entirely  wanting  in  viscidity.  Tlie  mucus  of  the  neck  of  the  uterus  is  clear, 
,  and  distinctly  alkaline.  This  is  ordinarily  produced  In  small  quantity,  but  it  is  very 
Dl  during  pregnancy.  It  is  the  result  of  the  action  cbiet!y  uf  the  lar;jre,  rounded 
fittdifaund  in  tiiis  situntion.  The  mucus  of  the  body  of  tiie  uterus  and  of  the  Falli)pian 
tibtft  U  alkaline,  of  a  grayish  color,  and  slightly  viscid.  The  secretions  of  these  parts 
I  greatly  mixltlied  during  menstmatiou.  These  considerations,  however,  belong  prop- 
r  to  the  subject  of  generation  and  will  be  taken  up  more  fully  hereafter. 

•ipri/  M%itnK — ^A  smali  qujinlity  of  a  viscid  secretion  constantly  covers  the 
I  tnucous  membrane,  and  this  is  a  mixture  <»f  the  secretion  of  the  membrane 
*lf  If  iLh  the  fluid  produced  by  the  little  mucous  ghinds  found  near  the  internal  angle  of 
_  tcye.  A  peculiarity  of  this  variety  of  mucus  is  tliat  it  becomes  white,  like  coagulated 
■nianum,  by  the  action  of  pure  water,  A  peculiarity  of  the  mucus  from  the  conjunctiva, 
•k*  ortUira  of  the  male,  and  the  vagina,  is  that  they  readily  become  vindeut  when 
'Benloi!  in  abnormal  quantity.  They  then  contain  a  large  number  of  leucocytes  and  have 
^  or  less  pnriform  character. 


«/  FunHion  of  MneuM, — The  smooth,  vis^-id,  and  adiiesive  character  of  mucus, 
f,  s«  ?>»}•*  rtuid  dof»?4,  a  coating  for  the  mucous  membranes,  serves  to  protect  these 
|f  >  to  move  freely  one  upon  the  other,  and  modiiies  To  a  eertjiin 

[[►tTon.     This  function  is  entirely  independent  of  tlie  funetitm 
^  iome  of  the  muco  1  lie  follicles  of  Lieberkiihn,  which  produce  secretions 

ll»  It  fmrtieular  limv». 
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Aside  from  the  tnecbanicai  functionB  of  mucHS,  it  has  been  sbown  that  this  fiaid, 
connection  with  the  epithelial  covering  of  the  miicoas  membrane^  h  cuptible  of  pre  veal 
ing  the  absorption  of  certain  substimces.  It  is  well  known,  for  example,  that  venoms  maj 
be  applied  with  impunity^  to  certain  mucous  aurtaeeB,  while  they  prtnluce  poisonoi 
effects  if  Introduced  into  the  circulation.  These  agents  are  not  neutralized  by  the  seer 
lions  of  the  parts,  for  they  will  produce  tJjeir  characteristic  etfects  npon  tbe  aj&tem  wh< 
removed  from  the  mucous  surfaces  and  introduced  into  the  circulation ;  and  it  ia  rea^oi 
able  to  suppose  that  the  raucous  membranes  are  capable  of  resisting  their  absor[»tioi 
This  fact  is  proven  by  the  following  interesting  experiment,  detailed  by  Robin: 

Let  an  endosmometer  be  constructed,  using  a  fresh  mucous  membrane,  on  the  surfa0 
of  which  the  epithelium  and  layer  of  mucus  remain  intact,  and  in  the  interior  of  tb 
apparatus,  place  a  saccharine  solution,  and  let  the  membrane  be  exj>osed  to  a  solution  coa 
tainiiig  some  venomous  fluid.  The  !i<iuid  will  mount  in  the  interior  of  the  apparatus,  ba 
tlio  poison  will  not  penetrate  the  membrane.  If  the  mucus  and  epltlielium  be  no^ 
removed  with  tl»e  fint^cr-nail  from  even  a  small  portion  of  the  membrane,  the  poison  m\ 
immediately  pass  through  that  part  of  the  membrane,  and  an  animal  may  be  killed  wit 
the  fluid  which  now  peiictrates  into  the  interior  of  the  endosmometer. 

These  facts  show  tliat  mucus  is  an  important  secretion.  It  not  only  has  a  useful  me 
chanieal  function,  but  it  is  in  all  probability  closely  connected  with  some  of  the  phenonjcn 
of  elective  absorption  whlcli  are  so  often  observed,  particularly  in  the  alimentar/  conaU. 

Sebaceous  \Flui(h, 

The  general  cutaneous  surface  is  constantly  lubricated  by  n  small  quantity  of  a  pecnl 
iar,  oily  secretion,  called  sebum,  or  sebaceous  matter.    This  secretion  is  somewhat  modi 
fled  in  certain  situations,  and  an  analogous  fluid  is  produced  by  qjecial  glands  openin 
into  the  external  meatus  of  the  ear.     Another  tluid,  very  much  like  the  ordinary  sebi^ 
ceous  ujatter,  is  smeared  upon  the  edges  of  the  eyelids,     Thesi?  secretions,  called  respei 
tively  cerumen  and  Meibomian  fluid,  resemble  tb©  secretion  of  the  ordinary  sehai 
glands  suifieiently  to  be  classed  with  it. 

PhyBiologital  Anatomy  of  the  Sfhaceoug^  Cemminoys,  and  JIMomian  Ghtulg, — Th< 
true  sebaceous  glands  are  found  in  all  fjarts  of  the  body  that  are  provided  with  hair;  and| 
as  nearly  every  part  of  the  general  surface  presents  either  the  long,  the  short,  or  thi 
downy  hairs,  these  glands  are  very  generally  distributed.  They  exist,  indeed,  in  great 
or  less  numbers  in  all  parts  of  the  skin,  except  the  palms  of  the  hands  and  the  soles  a 
the  feet.  In  the  labia  minora  in  the  fenmlc,  and  in  portions  of  the  prepuce  and  glao 
penis  of  the  male,  parts  not  provided  with  hair,  smalb  racemose  sebaceous  glands  a 
found,  which  produce  secretions  dilTering  sonjewhat  fram  that  fonned  by  the  ordinal 
glands.  The  glands  in  the  areola  of  tlie  nipple  in  the  female  are  very  large  and  are  coi 
nected  with  smalb  downy  hairs. 

Nearly  all  of  the  sebaceous  glands  are  either  simple  racemose  glands^  that  is,  present 
ing  a  numlier  of  follicles  connected  with  a  single  excretory  duot^  or  compound  rac^ 
moso  glands  presenting  several  ducts,  with  their  Follicles,  of)ening  by  a  common  tub 
Although  there  is  tliis  variation  in  the  size  and  arrangement  of  the  glands  of  the  genen 
surface,  they  secrete  essentially  the  same  fluid^  and  tlielr  anatomical  diiferencee  oonstj 
simply  in  a  multiplication  of  follicles. 

The  diflerences  in  the  size  of  the  sebaceous  ghmtls  bear  ft  certain  relation  to  the  bh^ 
of  the  hairs  with  which  they  are  connected  ;  and,  as  a  rule,  the  largest  ghind<»  are  cou- 
Elected  with  the  small,  downy  hairs.  These  distinctions  in  size  are  so  nmrked,  that  ih^ 
flands  may  be  divided  into  two  classes;  viz.,  those  connected  with  the  long  hairs  of  tl 
bond,  fiee,  eheHt,  a^ilht,  and  genital  organs,  and  the  coarse,  short  hairs,  and  those  coi 
nected  Avith  tlie  fiuc,  downy  hairs. 
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The  ^inntU  eonnecU^cl  with  the  larger  b^r*foJliclea  are  of  the  simple  racemose  TArietj 
iQil  iTi  to  ^\  of  iiti  inch  in  diameter.     From  two  to  five  of  those  glands  are  gen- 

mllj- 1.  M-^'ed  antund  each  hair-foUiclo.     They  discharge  their  soeretioa  at  utiont 

Ibf  joikClinn  of  the  upper  third  with  the  lower  two-thirds  uf  the  Imir-folUcle,  The  foUi- 
ebof  the  [oQ|f  hiiii»  of  the  scalp  are  generally  provided  each  with  a  pair  of  sehoceous 
gittdi,  measuring  from  ^|^  to  ^^  of  an  inch  in  diameter.  Encirding  iim  hairs  of  the 
beinl,  the  cheat,  axUla,  and  genital  organs^  are  large  glandd»  some  uf  them  ^\  of  as  inch 
itdiimeUtr,  arranged  in  groups  of  from  four  to  eight 
Tb(i  j^land^  cunneeted  with  the  follicle!)  of  the  small^  downy  haire  are  bo  large,  as  com- 
kA  witii  the  hnir-foUirlcs,  that  the  latter  seem  ratlier  as  appendages  to  the  glandular 
\}t]ii  are  of  tJie  coiujiound  racemose  variety  and  present  sumetimes 
ifir  ^-d^^ac^     The  largest  are  found  on  the  nose,  the  ear,  the  cajiincula 

Iitfirfmi^iss  XUe  penis,  and  the  areola  of  the  nipple^  where  they  njeosnre  from  ^^  to  ^ 
^(ifuiach.    The  gbnds  connected  with  tlic  downy  hairs  of  other  parts  are  usually  small- 
Tbe  gljmds  of  Tyson,  situated  upon  the  eoruna  of  the  glans  penis  and  behind,  upon 
itcffiz,  aro  aobacwus  glanda  of  the  compound  racemoBo  variety. 


Fro.  90.— ^efrif^MMiji  glnndm,    ^^jvpoy.^ 


minntc  stratTlare  of  the  schaeeous  glands  h  very  i^imple.  The  follicles  which 
i  the  nimple  glands  and  the  follicular  termiDations  of  the  simple  and  compound 
le  i^AOils  are  formed  of  a  delicate,  structareless  or  slightly  granular  membrane, 
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with  an  esternal  layer  of  inelastic  and  small  elastic  fibres,  aod  are  lined  by  eella.  Next 
the  niembrime,  the  cells  ojo  polybedrie,  pule,  and  granular,  most  of  them  presenting  ii 
nudeua  tind  a  micleolus;  but  the  follicle  itj^elf  contains  fatty  granules  and  the  other  cod- 
stitnents  of  tlie  seliaeeous  matter,  with  culls  tilled  with  fatty  particles.  These  celld 
abound  in  the  sebaceous  matter  as  it  is  di^scbarged  from  the  duct.  The  great  tjuantity  of 
fatty  granules  and  globules  found  in  the  ducts  and  follicles  of  the  sebaceous  glands  ren* 
ders  them  dark  and  opaque  when  examined  with  the  microscope  by  transmitted  light, 
and  their  appearance  is  t^uite  diistinctive.  The  larger  glands  are  surrounded  uith  capil- 
lary blood-vessels.  The  glands  which  opeo  into  the  larger  hair-follicles  will  he  illus* 
trated  in  connection  with  the  anatomy  of  the  huirs. 

The  ceruminous  glands  of  the  ear  produce  a  secretion  rcsemblinfr  the  i^ebaceous  mat- 
ter in  many  regards,  hut  in  their  anatomy  they  are  ahnoM  identical  with  the  sndoripa- 
roue  glands.  They  belong  to  tlie  variety  of  glands  called  lobular,  and  they  consist  of  a 
nearly  straight  tube  which  penetrates  the  skin  and  n  rounded  or  ovoid  coil  situated  in  the 
sabcutaneous  structure.  These  glands  are  found  only  in  the  cartilaginous  portion  of  the 
exlemal  raeatuiii,  where  they  exist  in  great  numbers.  They  are  rather  more  numeroos  in 
the  inner  than  in  the  outer  half  of  the  meatus. 

The  ducts  of  the  ceruminous  glands  are  short  and  nem'ly  straight,  simply  penetrating 
the  different  layers  of  the  skin,  and  are  from  .  J^  to  ^J-^  of  an  inch  in  diameter.  Their 
openings  are  rounded  and  about  j S ^j  of  an  inch  in  diameter.  Tliey  sometimes  terminate 
in  the  upper  part  of  one  of  the  hair-follicles.  Tliey  present  an  external  coat  of  whitu 
fibrous  tissue  and  are  lined  with  several  layers  of  small,  pale,  nucleated  epithelial  cella. 

/ 


1^ 


m 


1 


FlO.  Uvil—Certtmi'nous  glawis,    (Sappcy.) 

T«11eal  aivtloD  oftbe  «klii  of  th(»  external  andltciry  rrifAtDii:  1, 1.  f^pidcimtA:  2.  %  dcnziB;  B,  fl,  series  of  bolr-fbOklei 
lodfffd  in  the  »ub{itanrc>  of  thf>  (^ktn;  4.4,  Berl««  of  ii'bacf'OUA  jflandA  atUu-bccl  to  thuKi'  rolUclea;  t\  \  eubcut&neipiiB 
«r«olM'  bjer ;  A,  fi,  ccruiuIiidUB  ^laodfl ;  1^  T,  ceruminous  gktidt  with  tliei  dncta  dhided ;  J^  8,  «dtpo««  veiiclct. 


The  glandular  coil  is  an  ovoid  or  roonded,  brownish  mass,  from  ^\^  to  ^  or  ^  of 
an  inch  in  diamt'ter  It  is  simply  a  convoluted  tube,  continuous  with  t!ie  excretory  duct 
and  terminating  in  a  somewhat  dilated,  rounded  extremity.  It  presents,  occasionally, 
small,  lat^^nd  protrusions.  The  dirmieter  of  the  tube  is  from  ^^  to  « J^  of  an  inch.  It 
possesses  a  fibrous  coat,  with  a  longitudinal  layer  of  involuntary  muscnlnr  fibres,  and 
externally  a  few  clastic  fibres,  Tt  is  lined  by  a  single  layer  of  irregularly  polygonal  cells, 
which  are  from  ^^-^^^  to  j^^jnr  *^**'  ^^^  m^h  in  diameter.     These  cells  contain  ntimeroas 


SKBACEOUS  FLUIDS. 


361 


I  or  rellowtsh  pl^entarr  frranules,    Tbe  tube  formiDg  the  gknd  contains  a  claar 
(Idl  toiled  with  a  ^raiiitliir  gubt^tanco  contaiDin^  cells. 

iaidditioti  to  the  ceniTuinous  glands  of  the  ear,  Dumerous  sebnccons  folJioles  are  found 
ettttMiUKl  with  ih^  h til r- follicles  bc'r(\  as  in  atbcr  parts  provided  witb  huir.  The  arrauge- 
Dulof  the  ordinary  ^bnccous  glands  and  the  ccruminoiid  gliinds^  which  are  situatod  in 
ttfttt  planeii  iu  the  »ubiHi  tan  cons  structure,  iei  shown  in  Fi^,  100. 
ThfrHdhomian  dands  of  the  eyelids  have  essentially  the  same  fttrnctiiro  ha  the  onli- 
ratfbac^oaa  ^Iand*i,  Their  dmts,  however,  are  hjng^er,  and  the  ti-rniinal  foUidt-f*  are 
in  a  peculiar  manner  by  tbo  Mides  of  the  tubes  nlonjLjf  their  entire  length. 
tiiis  are  situated  partly  in  the  Bubstanco  of  the  tarsal  curtilages,  hetwc»en 
or  surfiices  and  the  conjunctivul  mucous  menitirane.  They  are  pbiced  at 
» to  the  frew  border  of  Ibe  eyelids,  opening  upon  tlie  inner  edge  and  occupjr- 
f  the  entire  width  of  the  cartilages.  From  twenty-five  to  thirty  glands  are  found  in  the 
^nfr,  aotl  from  twenty  to  twenty-tive,  in  the  lower  lid. 
Lvh  MfiUoridan  gfand  consists  of  a  nearly  straight  excretory  duct,  from  yj^  to  ^^ 
I  inch  in  diameter,  communicating  laterally  with  numerous  compound  raoemoso 
collections  of  follicles,  measuring  from  ^'^  to  ^hi  ^^  ^^  inch.  From  titYeen  to 
ftnxr  of  these  collections  of  follicles  are  found  on  either  side  of  the  duct  in  glands 
facdinm  length.  Most  of  the  excretory  ducta  are  nearly  straight^  but  fiom<?  are 
h1  Qpon  themselves  near  their  upper  extremity.  The  general  arrangement  of  theae 
i«l*  ift  Hbown  in  Fig,  101. 
In  general  structure  there  is  little  if  any 
between  the  terminal  follicles  of  the 
g!ands  and  the  follicles  of  the  ordi- 
tiry  itlMceous  glands.  They  are  lined  with 
I  aitiwnring  from  j^^j^  to  ^y^^  of  an  inch  in 
imtiitT,  These  cells  contain  numerous  fatty 
det,  but  they  do  not  coalesce  into  largo 
,  ftich  a&  are  often  seen  in  the  onlinary 
ocll*.  Tlie  follicles  and  ducts  are 
ith  the  wbitiiih,  oleaginous  nuUter  which 
oies  the  Meibomian  «ecretion^  or  the 
»<wn  palpebrale. 

lBik4dition  to  the  Meibomian  secretion*  the 
♦dipw  of  tU^  palpebral  oritice  receive  a  small 
VKHmt  &f  secretion  from  ordinary  sebaceous 
tit(  th<*  compound  racemose  variety  (cili- 
rcUmK).  which  are  api^cuded  in  prurs  to  each 
f  the  eyelashes,   and  from  tbo 
iittached  to  the  small  hairs  of 
ittruucuU  lm;hry mails. 


'^"^^^^ 


0^ 


Oriinartf   SihaetontH    J/«<f^r.— Although  it 
^  k  rnfrrrcd,  from  the  great  number  of 
*i^ii0eeQft  glands  opening  upon  the  cutaneous 
i  that  the  ainount  of  (Sebaceous  matter 
i  eoiwiderable,  it  has  been  tmpitssible  to 
1  duid  iu  quantity  sutHcient  for 
*t'  In  certain  part*t,  as  the  skin 

Wthf  00^^  where  tlie  gland.^  are  particularly 
•••ttdant^  A  certain  amotint  of  oily  secretion  is 
■«»«iSnir«  obserred,  giving  to  the  surface  n  greasy-,  glistening  aspect.     This  nmy  be 
^wW  by  paiH'r,  giving  it  the  well-known  appearance  produced  by  oily  matter's,  and  it 


FiO.  \^\^,—  M*ih«miaft  ^Ujnai*  qf  tMti  tipper  Ud ; 

1,1,  frm?  txjnl**r  of  tUe  II J ;  2.  2.  AntfHor  11  n  p<»lie- 
ir»t«l  by  the  Ht'plnnhf* ;  a,  ^fl^  |K«tJi>rWti*  lij*,  \r\\\i 
tb'opon^nc?    '*'     **    "       •        -  ;    <       ■       -!.i3nl 

plttjid  bent  I  tli« 

fnnn    of    nMVtiMi^f    ^-iiiiin-    m     iii«ir    "ji^^in,     7»   t 

wry  iiuaU  gland  ;  !%  a  tntslUini^dlMMl  (^(nwl. 
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maj  be  collected  in  smaD  quantity  upon  a  glu^  slide  and  examined  mierogcopicallj.  It  then 
presents  a  uumber  of  strongly-refracting  futty  globaks,  with  a  few  epitbolial  cells.  The 
cells,  however,  are  not  nauierous  in  the  fluid  as  it  is  discharged  upon  the  jr^MJend  surface; 
lull,  if  the  eontentii  of  the  ducta  and  IVjUieles  be  examined,  cclb  will  here  be  tbund  in  great 
nhundance.  Most  of  the  cells,  indeed,  remain  in  the  glandii,  and  the  oily  matt*?r  only  is 
discharged.  The  ol>ject  of  this  secretion  is  to  labricate  the  general  ciitiineous  surface 
nnd  to  give  to  the  hairs  that  sot'tness  which  h  cliaracteriatic  of  them  when  in  u  perfectly 
healtliy  con diti un- 
it is  only  when  the  action  of  the  sebaceous  glands  lias  become  more  or  less  modified, 
that  the  secretion  can  he  ohtaiued  in  sufficient  quantity  for  cliemical  analysis;  but  we 
cunoot  be  certain  that  the  fluid  taken  under  these  conditions  is  perfectly  normal.  The 
analysis  by  Esenbeck,  which  i^  often  quoted  in  works  on  physsiologVi  w>ih  tlte  result  of  an 
examination  of  the  contents  of  a  largely -distended  hair-folhcle;  and,  as  the  secretion  wua 
contined  for  a  long  time,  it  is  evident  that  it  must  Iiave  undergone  material  alteratioD. 
We  cannot,  indeed,  refer  to  any  ultimate  analysis  of  the  normal  sebaceous  secretion ;  but, 
of  all  tho  examinations  that  have  l>een  made  of  the  secretion  when  it  has  been  consider- 
ably increased  in  tjuantity,  those  of  Lutz  give  the  best  idea  of  what  may  be  supposed  to 
be  nearly  its  ordinary  composition.  This  observer  analyzed  the  secretion  in  a  case  of 
general  hypertrophy  of  the  sebaceous  system.  The  fluid  whieh  he  extracted  irum  the 
dilated  glands  was  milky-white,  and  of  about  tho  consistence,  wlien  cold,  of  wax.  The 
mean  of  eight  analyses  of  this  fluid  was  as  follows: 


I 


I 


CompoBition  of  Sebaceous  Matter, 

Water ..,. Sn 

Olclne , 270 

Margarine 18B 

Butyric  acid  and  butyrate  of  soda 3 

Caseiiic .  .  . , 129 

Alhtancn S 

Gplittiiie .,,...,,.....,,.,.     87 

Phoaplmtc  of  soda  and  traces  of  phosphate  of  lime 7 

Chloride  of  sodium. ,.,,,.,., • . , . .       ft 

^iilphati'  of  sodu. , , ,       5 

This  analysis  gives  the  proportions  of  animal  and  solid  matters,  desiccated  in  a  cnrrent 
of  ^hy  air.  Robin,  wJio  has  reviewed  at  considerable  length  the  analytical  process  em- 
litoyed  by  Lutz,  regards  the  matter  supposed  to  l»e  either  caseine  or  some  analogous 
albuminoid  substance,  aa  the  organic  matter  of  tlie  epithelial  cells  that  exist  in  such  great 
numbers  in  distended  i^ebnceous  glands.  lie  reijards^  the  wei^j^bt  of  llie  subittances  desig- 
nate^l  undiT  the  names  of  alhumen,  caseine,  and  gehitiae^  with  a  certain  quantity  of  the 
water  driven  otf  hy  dei?iecation,  as  representing  Ihe  pro|H>rtion  of  ej>ithe1iuni.  This  view 
is  very  roai^onablo,  as  the  microscope  always  shows  in  thene  collections  great  numbers  of 
epitheJial  cells.  Cholesterine,  which  is  present  so  fre<|iiently  in  the  contents  of  sebaceons 
cysts,  does  not  exist  in  the  normal  secretion,  nor  was  it  found  in  the  analyses  by  Lutz. 

During  the  latter  months  of  pregnancy  and  during  lactation,  the  sebaceous  glands  of 
the  areola  of  the  nipple  become  considerably  distended  with  a  grayish- white,  «>paque 
secretion,  containing  numerous  oily  globules  and  granules.  Frequently  the  tiuid  contains 
also  a  large  number  of  epithelial  cells.  Ihiriug  tlie  jwriods  aliove  indicated,  tlie  secretion 
here  is  always  much  more  abnndant  than  in  the  ordinary  sebaceous  glands. 

Smcfjimi  of  (h^  Prrpiire  ami  of  the  Lahm  Minora, — ^In  the  folds  of  the  prepuce  of  the 
male  imd  on  the  inner  surface  and  ftddsof  the  labia  minora  in  the  female,  a  small  quantity 


VERNIX  CASEOSA. 
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f  1  vhttisK  grnmous  matter,  of  a  cbeesy  conBistcnce,  is  sometimes  found,  particolarly 

r  atteDtion  h  not  paitl  to  ckaiilines^.     Tlie  matter  wbicli  thus  collectd  in 

:  the  prtfpuce  lias  really  little  analog^v  with  tbt?  unHmiry  scbact?ous  secretion. 

twmiuiUion  witli  the  iiiicrosi-*ope  sIiowb  that  il  is  eomposcd  almost  entirely  of  irregular 

i1h(  of  jmTemeQt-e|nthelium^  which  do  not  present  the  fatty  granules  and  globules  ««u- 

Dyob»cvv(Ml  In  the  cells  derived  iVoni  the  sebaceous  ^dands.     Robm  regards  the  produo- 

irtf  tlilsi  sul>stancc  as  entirely  independent  of  the  secretion  of  sebaceous  matter,  m  ft 

itonntHl  cbietly  in  parts  of  iho  prepuce  in  which  the  sebaceout*  ghinds  are  wanting. 

The  imegma  of  the  labia  minora  is  of  the  same  character  us  the  smegma  i»rcfiutialo ; 

lilcoatains  drops  of  oil  and  the  other  products  of  the  stibaceous  glands  found  in  thes© 


aif  Cattffga.-^The  surface  of  the  fa'tus  at  birth  and  near  the  end  of  gestation  is 
Kjoov^-rvd  with  a  whitish  coating,  or  siuaigrua,  culled  the  vernix  cuseosa.     This  is 
at  in  thu  folds  of  the  skin;  but  it  usually  covers  tlie  entire  Miritxci^  with  a 
"^greater  or  i^nm  thickness  and  of  about  the  consistooce  of  lard*    There  are 
iLt  differences  in  foetuses  at  term  as  regards  the  quantity  of  the  vernix  caseosu.    In 
illg  is  80  slight  that  it  would  not  be  obBcrred  unless  on  cIobc  in^[iection. 
'analyses  giving  an  accurate  view  uf  the  uUiniate  composition  of  this 
oce:  and  we  can  form  the  best  idea  of  its  constitution  nnd  mode  of  formation  frum 
inkroscopical  examinations.    If  a  small  quantity  be  scraped  from  ttte  surface  and  be  i«pread 
«KtQp<ill  a  glass  slide  with  a  little  glycerine  and  water,  it  will  be  foun^l,  on  microscopical 
ition,  to  coiwiat  of  on  immense  number  of  epithelial  cells,  with  a  very  few  small, 
it}  jtmuules.     In  the  following  table,  it  is  seen  that  these  cells,  after  desiccation,  con- 
towi  aliout  ten  per  cent,  of  tlie  entire  mass.     The  fatty  granulations  are  very  few  and 
»nijl  *keem  to  be  necessary  constituents  of  the  vernix,  as  they  are  of  the  sebaceous  mat- 
in fact,  the  vernix  caseosa  must  be  regarded  as  the  rcj^idue  of  the  secretion  of  the 
omt  glands,  rather  than  an  accumulation  of  true  sebaceous  matter. 

Composition  of  the  Yernix    Caseosa,     (Robin.) 

Wai^r. _  ♦?fi»*80  to  IIB'^ 

piltrogcni£ud  mutter,  nmeoiis  or  caseoiut . « , , , . ,  4*50 

BJocatcd  cpitheUum. , . . * , 101^30 

lolcsterine,  \ 

Wac  and  roargariac,  >..♦,.»♦,.* 108*25 

HcAtes  And  margaratcs  of  potusa  and  of  soda,  ) 

kbride  of  ;»CKlIun],  \ 

Bvirrjchloratc  of  ammontA,  [ 

^lo^phato  of  soda  and  of  lime,     C  " ' ..,.,-,.,,.».,,-. 

JLiintcmiQ.niagncBiAtt  phosphate,  } 

>  function  of  the  vemlx  caseosa  is  undoubtedly  protective.     If  we  attempt  to  make 

topical  preparation  of  the  cells  with  water,  it  becomes  evident  that  tho  ooat- 

vnetmted  by  the  liquid  with  very  great  difficulty^  even  when  mixed  with  it  aa 

ffJily  a*j  itoHMble.     Indeed,  we  never  observe  at  birth  the  peculiar  effects  of  pro- 

ngd  Hjntartof  the  cutaneous  siipfnce  with  water.    The  protecting  coat  of  vernix  caseosa 

Ithcf  skin  to  perform  its  functions  in  ntero,  andt  at  birth,  when  this  coating  is 

fjho  snrfaec  is  found  in  a  conditinn  perfe<^tly  adapted  to  extni-ntenne  existence. 

libic  that  the  vernix  ca.*4cofta  is  necessary  to  lacilitate  the  passaire  of  the  child 

Ifl.  for  rhe  i»:^rtA  Mf  the  mother  are  always  sufficiently  lubricated  with  tnnrous 

filth'' 

-A  peculiar  substance  of  a  waxy  consistence  is  secreted  by  the  glands  tbat 
rib^d  in  tl»e  external  meatus,  under  the  name  of  ceruminous  glands,  mixed 
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with  the  secretion  of  sebaceous  glands  connected  with  the  short  hairs  in  this  sitnatiol 
It  is  difficult  to  flseertnin  what  share  these  two  sets  of  phinds  have  in  the  formation  O 
the  ctrmiiien.  Robin  is  of  the  opinion  that  the  woxy  portion  of  the  secretion  is  prtKiuce 
entirely  by  the  tiebaceous  glands,  and  that  the  convaluted  glands,  commonly  known  OB  tb 
ceruminonB  glands,  produce  a  secretion  like  the  perspiration,  lie  calls  the  latter,  inded 
the  sudoriparous  glands  of  tlie  meatus.  This  view  is,  to  a  certain  eirtent,  reasonably 
for  the  sebaceous  matter  is  not  removed  from  the  meatus  by  friction,  as  in  other  situi 
tions,  and  would  have  a  natural  tendency  to  accumulate.  But  the  contents  of  the  dncf 
of  the  ceruminous  glands  differ  materially  from  the  tluid  found  in  tlie  ducts  of  the  ordi 
nary  sudoriparous  glands,  containing  granules  and  fatty  globules,  such  as  exist  in 
cerumen.  Altliougb  the  ghinds  of  the  ear  are  analogous  in  structure,  and.  to  a  eertai 
extent.,  in  the  character  of  tlieir  secretion,  to  the  sudoriparous  glands^  the  fluid  wliich  th 
produce  is  peculiar.  We  shall  see,  also,  that  the  perspiratory  glands  of  the  axilla  and 
some  other  parts  protluce  secretions  differing  somewlmt  from  ordinary  perspiration.  Ai 
far  as  can  be  ascertained,  the  cerumen  is  produced  by  both  sets  of  glands.  The  sebaceoii 
glands  attached  to  the  hair-follicles  probably  secrete  most  of  the  oleaginous  and  wax; 
matter,  while  the  so-called  eenuninons  glands  produce  a  secretion  of  much  grtater  flai 
ity,  but  containing  a  certain  utuount  of  granular  and  fatty  matter. 

The  consistence  and  general  appearance  of  cerumen  are  tpiite  variable  within  the  li« 
its  of  heallh.  When  iirst  secreted,  it  is  of  a  yellowish  color,  about  the  consistence  oi 
honey,  becoming  darker  and  mtich  more  viscid  upon  exposure  to  tl>e  air.  It  has  a  vei^ 
decided  and  bitter  taste.     It  readily  forms  a  sort  of  emulsive  mixture  with  water. 

Examined  microscopically,  the  cerumen  is  found  to  contain  semisolid,  dark  granulai 
tions  of  an  uTegularly  polyhedric  shape,  with  epithelium  from  the  sebaceous  ghinde,  am 
epidermic  scales,  both  isolated  and  in  layers,     Sometimes,  also,  a  l6ir  crystals  of  chole; 
terine  are  found. 

Chemical  examination  shows  that  the  cerumen  is  composed  of  oily  matters  fusible  j 
a  low  temperature,  a  peculiar  organic  matter  resembling  roucosine,  with  sfdts  of  *»od 
and  a  certain  quantity  of  i>hosphate  of  lime.  The  yellow  coloring  matter  is  soluble  i] 
alcohol;  and  the  residue  after  evaporation  of  the  alcohol  is  very  soluble  in  \vater  urn 
may  bo  precipitated  frotn  it»  watery  solution  by  tlie  neutral  acetate  uf  lead  or  the  ohlorid 
of  tin.     This  extract  has  an  exceedingly  hitter  taste. 

Tlie  cerumen  lubricates  the  external  meatus,  accumulating  in  the  canal  around  tbi 
hairs.  Its  peculiar  bitter  taste  i&  :>uppoBed  to  be  eflicient  in  preventing  tlio  entrance  d 
insects. 


Meih(>mian  Secretion, — ^Yery  little  is  known  concerning  any  special  propeitiefl  of  till 
Meibomian  fluid,  except  tliat  it  mixes  with  water  in  the  form  of  an  emulsion  more  rcadilj 
than  the  other  sebaceous  secretions.  It  is  prt>duced  in  ?mall  <]uantity,  mixed  with  a  cer< 
tain  amount  of  mucus  and  the  secretion  from  the  ordinary  s.ebaceous  gland s^  attfltlied  t<) 
the  eyelashes  (ciliary  glands)  and  the  glands  of  the  caruncula  lachrymalis,  and  smearM 
the  edges  of  the  palpebral  orifice.  This  oily  coating  on  the  edges  of  the  lids,  unless  tU€ 
tears  be  produced  in  excessive  (luantity,  prevents  their  overflow  upon  the  cheeks  mi 
directs  the  excess  of  tluid  into  the  nn^al  duct. 


lua  m  m  a  ry  Secretion . 

The  mammary  glands  are  among  the  most  remarkable  organs  in  the  eeonomy;  nc 
only  from  tlie  peculiar  character  of  their  secretion,  which  is  unhke  the  product  i>f  anj 
other  of  the  glands,  but  from  the  jrrcat  changes  which  they  undergo  at  ditfcreiit  periudj 
both  in  size  and  structure.     Rudimentary  in  early  life  and  in  tlie  male  at  all  periods  of  J 
life,  these  organs  are  fully  devcloiK'd  in  the  adult  female,  only  in  the  latter  months  of 
pregnancy  and  during  lactation.     It  is  tnie  that,  in  the  female,  after  puberty,  ihe  mami 
mary  glands  undergo  a  marked  and  rapid  increase  in  size;  but  even  then  they  are  nol 
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Hy  developed,  and,  if  exam'med  with  the  microBcope,  they  arc  fonml  to  lack  the  caseatial 
litamicttl  cliAracters  of  S(>cretiDg  organs.  The  pi ly biological  anatomy  of  tht^  luammary 
I  otri»equ6ntiy  pottessea  peculiar  interest,  aside  from  the  great  importance  of  their 

It  irill  he  found  convenient  to  consider  these  organs  in  tliroo  stages  of  dcvoloprnent; 

L,  in  ilitir  nidtuieutftry  condition,  aa  they  exist  in  the  male  and  in  the  female  before 

Mfrtr;  in  tiie  partially-devt*Ioped  state,  m  they  are  found  in  the  un impregnated  female 

» jmberty  and  during  the  intervals  of  lactation ;  and,  finally^  in  the  fiilly*deveIoped 

when  milk  ia  secreted. 


Phtjsiologkal  Anatomy  of  the  Mammary   Glands. 

Theforra,  size,  and  situation  of  the  mamniaa  in  the  adnlt  female  are  too  well  known 
\  denamd  more  ihnn  a  passing  mention,  Tlieae  organs  are  almost  invariably  danhle 
ire  silmited  on  the  anterior  ])ortion  of  the  tiiorax,  over  the  great  pectoral  mus* 
in  women  who  have  never  home  eljildrenj  they  are  generally  6rm,  nearly  hemi- 
wilh  the  nipple  at  the  most  prominent  point.  In  wom^n  who  Jjave  home 
DiltireTi,  t!ie  gL-mda^  during  the  intervals  of  Iactati<>n.  are  usually  larger,  are  ht^ld  more 
v^f  to  tlie  Mil'Jaoent  parts,  and  are  apt  lo  become  tlabby  and  peuduhnis.  The  areola 
f  tb  ai|»|ile  is  aii^o  darker. 

iboth  sexes,  the  mammary  glands  are  nearly  as  fully  developed  at  hirtb  as  at  any 
rfbr<»  puberty.    They  make  their  appearance  at  about  tbe  fourth  month,  in  the 
'  little  elevations  of  the  structure  of  the  true  skin,  w^hich  soon  begin  to  send  otf 
pmoeises  beneath  the  skin,  which  are  deistined  to  be  developed  into  tbe  h»l>cs  of  the 
(n  the  fojtns  ut  term,  the  glands  measure  hardly  more  than  one-third  of  an  inch 
inter.     At  this  time,  there  are  from  twelve  to  fifteen  lobes  in  each  gland,  and 
kthe  is  pcoet rated  hy  a  duct,  with  but  few  hranches,  composed  of  fibrous  tissue 
limed  wilb  columnar  epithelium.     The  ends  of  these  ducts  are  frequently  somewhat 
I;  but  what  have  been  called  the  gland -vesicles  do  not  make  their  appearance 
pnherty*     In  the  adult  male^  the  glands  are  from  half  an  inch  to  two  inches 
d,  and  from  r^  to  \  of  an  inch  in  thickness.     In  their  structure,  however,  they  pre- 
iJe  if  any  difference  from  tbe  rudimontarv  glands  of  the  infant, 
be  period  of  puherty  approaches  in  tbe  femjde,  the  rudimentary  ducts  of  the  difler- 
hecome  more  and  more  ramided.    Instead  of  each  duct  having  but  two  or  three 
the  dilferent  lobes,  as  the  gland  enlarges,  are  penetrated  l»y  innumerable  rami- 
which  have  gradually  been  developed  as  processes  frum  the  main  duct,     It  is 
Bt  to  remember,  however,  that  these  branches  are  never  so  numerous  or  so  long* 
I  tl)e  Intervals  of  lactation  as  they  are  when  the  organ  is  in  full  activity*    The  ordina- 

00  of  the  gland,  as  compared  with  its  structure  during  activity,  is  one  of  atrophy. 

iithn  ^  t/te  Mammary  Gland*  thtHng  thf.  Intertah  of  Lactation, — At  this 
s  iho  glands  are  not  secreting  organ?*.  They  present  the  ducts,  ramifying,  to  a  certain 
,  in  the  substance  of  the  lobes  into  which  the  structure  is  divided,  but  their  branches 
and  iiossew  but  few  of  the  glandular  aeini  that  arc  observed  in  every  part  of 
I  OffnUH  <luring  lartntton.  Tliis  difference  in  tbe  structure  of  the  glands  is  most 
vmarkabUt ;  and,  an  they  pass  from  a  secreting  to  a  non-secreting  condition  at  the  end  of 
lirtitioii,  the  ducts  retract  in  all  their  branches,  and  most  of  the  secreting  n/h-fie-»ae 
"•■(ppcar.  At  this  time,  the  glandular  tissue  is  of  a  bluis!i-whit©  color  and  loses  the 
Wittlar  irppearanco  which  it  presents  during  functional  activity.  The  dncta  are  then 
I  with  II  *m:ilL  nucleated,  pnvement-epitlicliuni,  which  is  not  found  during  the  secre- 
»of  milk.  These  changes,  pointed  out  by  Robin^  whose  observations  have  been  veri- 
lantl  extended  by  Sappey,  are  confined  ahnost  exclusively  to  the  secreting  structure  of 
Kj^uik     Tbe  interstitial  tissue  remains  about  tbe  same^  the  blood-vessels,  only,  being 

1  in  number  dunog  lactation. 
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Structure  of  the  Mammary  Glands  during  Lactation. — Between  the  fourtli  and  ih 
fifth  uionth  of  ut^ro -gestation,  the  mammary  glands  hegin  to  increase  in  size  ;  and,  ( 
teiTii,  tJiey  are  very  much  larger  than  during  the  iinimpregnated  sUte.  At  tins  time,  ll 
bre.'ists  become  quite  hard,  and  the  surface  near  the  areola  is  somewhat  uneven,  froi 
the  great  development  of  tlie  ducts.  The  nipple  itself  is  increased  in  size,  the  jiapiJl 
npon  ifs  surface  and  upon  tlie  areola  are  tuore  largely  developed,  and  the  areola  beeom< 
larger,  darker,  and  thicken  The  glandular  struct ure  of  the  breasts  during  the  latter  bal 
of  pregnancy  becomes  so  fm*  developed^  that,  if  the  child  be  born  at  the  sevcr»th  montl 
the  lacteal  secretion  may  generally  be  estabUshed  at  the  usual  time  after  parttmti( 
Even  when  jiarturition  tsikes  place  at  terra,  a  few  days  elajise  before  8ecreti<»n  is  fall; 
estaldished,  and  the  first  product  of  the  glands,  called  colostrum,  is  very  different  from  th 
fullv'formed  milk. 

The  only  parts  of  the  covering  of  the  breasts  tbot  present  any  peculiarities  aro  tl 
areola  and  the  nipple.  The  surfacu  of  tlio  nipple  is  covered  with  papillaj,  winch  ai 
very  largely  developed  near  the  summit.  It  is  covered  by  epitheHum  in  several  layer 
the  lower  strata  being  filled  with  pigmentary  granule^;.  The  true  ekin  covering  the  ni] 
pies  is  composed  of  inelasitic  and  elastic  fibres,  containing  a  large  number  of  sebftceoi 
glands,  but  no  hair-follicles  or  sudoriparous  glands.  According  to  8appey,  these  glandi 
which  are  from  eighty  to  one  hundred  and  fifty  in  number,  are  always  of  the  racemi 
variety,  and  tliey  never  exist  in  the  form  of  simple  follicles,  as  they  are  described  by  mo« 
anatomists.  The  nijjple  contains  the  lactiferous  ducts,  fibres  of  inelastic  and  elantic  tis- 
Bue,  with  an  immense  number  of  non-striated  muscular  fibres.  The  muscular  fibres  have 
no  definite  direction,  hut  are  so  numerous  that,  when  they  are  contracted^  the  nippli 
becomes  very  firm  and  hariL  The  nipple,  although  it  may  thus  become  hard  upon  tin 
application  of  cold  or  other  stimulus,  presents  none  of  the  anatomical  characteriHtica  a 
-the  true  erectile  organs,  as  is  erroneously  supposed  by  some  authors;  and  its  bardcnii 
is  simply  diie  to  contrnction  of  its  muscular  fibres. 

The  areola  does  not  lie,  like  tlie  general  integtunent  covering  the  gland,  upon  a  b<i 
of  adipose  tissue,  but  it  is  closely  adherent  to  the  subjacent  glauduhir  structure.  Thi 
skin  here  is  much  thinner  and  more  delicate  than  in  other  part*?,  and  the  pigmentary 
granules  are  very  abundant  in  some  of  the  lower  strata  of  epidermic  cells,  particularly 
during  pregnancy.  The  true  skin  of  the  areola  is  composed  of  inelastic  and  elastic  f]}tT^ 
and  lies  upon  a  distinct  layer  of  non -striated  muscular  fibres.  The  arrangement  of  ihi 
muscular  fibres  (sometimea  called  the  subareolar  mnscle)  is  quite  regular,  forming  con 
centric  rings  around  the  nipple.  These  fibres  are  supposed  to  be  useful  iji  compressini 
,  the  ducts  duriog  the  discharge  of  milk.  The  areolar  presents  the  following  struct  urea 
numerous  papillrp,  cnnsidurably  smaller  than  those  upon  the  nijiple  ;  hair-follicles,  coj 
tainiug  emalh  rudimentary  hairs;  sudoriparous  glands ;  and  sebaceous  glands  conn ecte 
with  tlje  hair- follicles.  The  Hcbnceous  glands  in  this  situation  are  very  large,  and  the! 
situation  is  indicated  by  little  prominencen  on  the  surface  of  the  areola*  which  are  esp# 
cially  marked  during  pregnancy. 

The  mammary  gland  itself  is  of  the  com[>ound  racemose  variety.    It  is  covered 
front  by  a  subculaneous  layer  of  fat,  and  posteriorly  it  is  enveloped  in  a  fibrous  membrou^ 
loosely  attached  to  the  pectoralis  major  muscle,     A  conMderable  amount  of  adipose  li&si 
is  als»o  found  in  the  substance  of  the  gland  between  the  lobes. 

Separated  from  the  adipose  and  tibrous  tissue,  the  mammary  gland  is  foimd  dival 
into  lobes,  trom  fifteen  to  twenty-four  in  number.     These,  in  their  turn,  are  subdi^id 
into  lobules  made  up  of  a  greater  or  less  number  of  acini,  or  cuU-de-m*'*    The  sccretinj 
structure  is  of  a  reddish-yellow  color  and  is  distinctly  granular,  presenting  a  decid* 
contrast  t*i  the  pale  and  uniformly  fibrous  appearance  of  the  gland  during  the  intcrvaj 
of  lactation.     If  the  duct^  be  injected  from  the  nipide  and  be  followed  into  the  substiuio 
of  the  gland,  each  one  will  be  found  distributing  its  branches  to  a  distinct  lobe;  «o  tlta 
the  organ  is  really  made  up  of  a  number  of  glatids,  in  their  structure  identical  with  cod 
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It  will  be  moft  convenient,  in  studyinp:  the  intimato  strnctnre  of  the  gland,  to 
;  tit^  nip|il6  tintl  follow^  out  one  of  the  ducts  to  i\w  termination  of  its  branches  in 
jinerrting  mh-d&^ae, 

Tb#  eonab  winch  discharge  the  milk  at  the  eipple  are  called  lactiferous  or  pulae- 
tapbonNis  daot^.  Tliev  vary  in  number  from  ten  to  fourteen.  The  openings  of  the  ducts 
It  the  nipple  are  very  small,  meaBUrin^  only  from  jV  to  ^  of  an  inch.  As  each  duct 
pmMdowniranl,  it  enlarges  in  tfie  nipple  to  ^j  or  ^  of  an  inch  in  diameter,  and  beneath 
rireola  It  presents  an  elongated  dilatation,  from  J  to  J  of  an  inch  in  diameter,  eaUed  the 
f  of  Uie  duct.  I>uring  lactation,  a  considerable  quantity  of  milk  collects  in  those  einnses, 
•nre  as  reservoirs,  lieyond  the  si  nose?,  the  caliber  of  the  ducts  nieastires  IVom 
'  an  inch.  They  penetrate  the  rlitferent  lobes,  branching  and  srrb»Jivi«Jinf?,  to 
itl"  finally  in  the  collections  of  tnh'dr-gac  which  form  the  acini.  Most  modern 
ers  are  a^^eed  that  there  is  no  anastomo<^is  between  the  different  lactlferoas  ducts 
]  ttiat  each  one  is  distribated  independently  to  one  or  more  lobes. 
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i  tkA  ceatnl  (NtrtioD  «f  wiitch  la  retriRtod ;   b,  uruok;  t^  &,  <?,  e,  e,  lobalcs  of  the  gtand :   1«  sfaaf)  or  dllftUd 
\MTiivn  uf  ono  of  ihu  UcUrcrous  ducta;  a,  ejctreiuitiea  of  the  lacUferMua  dacl*. 

The  intimate  stnictnre  of  the  lactiferous  ducts  is  interesting  and  important.  They 
•W  pottttoed  of  three  ilifjtinct  coats.  The  external  cont  h  composed  of  anastomosing 
Hihrtiof  elastic  tissue,  with  some  inelastic  fibres.  The  mid<lle  coat  is  composed  of  non 
^^titsd  irMiscuUir  fibres,  arranged  longitudinally  and  existing  throughout  the  duct,  froip 
ling  a!  the  m'pplc  to  the  secreting  enU^ile-mc.  Tlie  intermd  coat  is  an  amor 
Bembrano,  lined  with  ronndish  or  elongated  colls  during  the  tntenrals  of  lactation 
I  during  pregnancy^  but  deprived  of  epitlielium  during  the  period  when  the  laO' 
t^titnt  is  most  active, 
urini  of  the  gbind,  which  are  very  nnmeroas,  are  visible  to  the  naked  eye,  in  the 
lof  amall,  rounded  granules,  of  a  red  dish -yellow  color.  Between  these  acini,  there 
t  ft  certain  quantity  of  the  ordinary  white  fibrous  tissue  and  quite  a  number  of  adi- 
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pose  vesicloH,  The  presence  of  adipose  tissue  in  conaiderable  quantity  in  tlie  substance 
uf  the  glandular  structure  is  peetiliar  to  the  niamraary  glands.  Each  acinua  is  nmde  up 
of  from  twenty  to  forty  secreting  vesieles,  or  cuhde'$ae.  These  vesicles  are  irregular  in 
form,  often  varicose,  and  sometimes  they  are  enlarged  and  imperfectly  bifurcated  at  their 
terminal  extremities.  During  lactation^  their  diameter  is  from  j^^  to  ^\^  of  an  inch.  Dur* 
ing  pregnancy,  and  when  the  gland  has  just  arrived  at  its  full  development,  the  secreting 
vesicles  are  formed  of  a  structureless  membrane,  lined  with  small,  nucleated  cells  of 
pavemeDt-epithelium»  Tlie  nuclei  are  relatively  large,  ovoid,  and  are  embedded  in  a  small 
amount  of  aoiorphous  matter^  so  that  they  aliuost  it»uch  each  otlicr*  Sometimes  the  epi- 
thelium is  segmented,  and  sometimes  it  exists  in  the  form  of  a  continuous  nucleated 
sheet.  When  the  secretion  of  milk  becomes  active,  the  epithelium  entirely  dis/ippears^ 
and  it  reappears  as  the  secretion  diminishes*  Tliis  observation  is  due  to  Kohin  aod  bos  an 
importaut  bearing  upon  the  mechanism  of  the  secretion  of  milk. 

During  the  intervals  of  lactation,  as  tlie  lactiferous  ducts  become  retracted,  the  ^\qjx- 
diilwt  €uh-dr'S(M  disappear;  and,  in  pregnancy,  as  the  gland  takes  on  its  full  develop- 
ment, the  duets  branch  and  extend  thomselves,  and  the  vesicles  are  gradually  developed 
flj'onnd  their  terminal  extremities.  These  changes  in  the  development  of  the  mamma!  at 
different  periods  are  most  remarkable  and  are  not  observed  in  any  other  of  the  glandu- 
lar organs. 


Mt'chanhm  of  the  Secretion  qf  Milk, — "With  the  exception  of  water  and  inorganic 
principles,  all  the  important  and  characteristic  constituents  of  the  milk  are  formed  in  tbe 
substance  of  the  mammary  glands.  The  secreting  htructurew  have  the  property  of  wp* 
arating  from  the  blood  a  great  variety  of  inorgtmic  principles ;  aud  we  shall  see,  Tirbcn 
we  eomo  to  study  the  composition  of  the  milk  more  minutely,  that  it  furnishes  all  tli© 
inorganic  matter  necessary  for  the  nutrition  of  the  infatit,  containing,  even,  a  small  qnnn* 
tity  of  iroa.  Precisely  how  the  secreting  vesicles  separate  the  proper  quantity  of  these 
principles  from  the  circulating  Hold,  wo  are  umible,  in  tlie  present  state  of  our  knowl* 
edge,  to  state-  It  is  unsatislactory  enongli  to  say  that  the  membranes  <.f  the  Tesiclesi 
have  an  elective  action,  but  this  expresses  the  extent  of  our  iuformation  on  the  subject. 

The  lactr^se,  or  sugar  of  milk,  the  caseine,  and  the  fatty  particle^  are  all  [:»rodnced 
dc  novo  in  the  gland.  The  peculiar  kind  of  sujjfar  here  found  does  not  exist  anywhere 
else  in  the  organism.  Even  when  the  secretion  of  milk  is  most  active,  different  varieties 
of  sugar,  such  as  glncoee  or  cane-sugar,  injected  into  the  blood-vessels  of  a  living  animal, 
are  never  eliminated  by  the  mammary  glands,  as  they  are  by  the  kidneys;  and  their 
presence  in  the  blood  does  not  intlnence  the  quantity  of  lactose  found  in  the  milk.  All 
that  can  be  j^aid  with  regard  to  the  formation  of  sugar  of  milk  is  that  it  is  produced  in 
the  mammary  glands.     The  mechanism  of  its  formatiiui  is  not  understood. 

Caseine  is  produced  in  the  mammary  glauds,  probably  by  a  peculiar  transformation  of 
the  albuminoid  constituents  of  the  blood.  This  pnnciple  does  not  exist  in  the  hh>od, 
although  its  presence  here  has  been  mentioned  by  some  observers.  It  is  well  known  that 
tlie  caseino  of  milk  is  precipitated  by  an  excess  of  sulphate  of  magnesia ;  but  the  so- 
called  Ciiseirie  of  the  blood  is  not  aflfected  by  this  sfiltand  passes  through  it  like  albumen. 

The  fatty  particles  of  the  milk  are  likewise  ])roduced  in  the  substance  of  the  gland, 
and  tlie  peculiar  kind  of  fat  which  exists  in  this  secretion  is  not  found  iu  the  blood.  The 
mechanism  of  the  production  of  fat  in  the  mammary  glands  is  obscure*  The  particles 
are  not  produced  in  cells  and  set  free  by  their  rui>turc,  by  a  process  analogous  to  that 
which  takes  place  in  the  formxitvon  of  the  fatty  particles  found  in  the  sebaceous  matter, 
for,  during  the  time  when  the  secretion  of  milk  is  most  active,  the  epitliebum  of  tlie 
secreting  cuU-de-^ac.  has  entirely  disappeared.  The  butter  is  produced  by  the  action  of 
the  amorphous  walls  of  the  vesicle*,  in  the  same  way,  probably,  as  fat  is  produced  by 
the  vesicles  of  the  ordinary'  adipose  tissue.  At  least,  this  is  all  that  is  known  regarding 
the  mechanism  of  its  production. 
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A&  regards  the  inecbanism  of  the  formation  of  tbe  |>ecallar  and  chiiracteristic  eon- 
ititutnu  of  the  niilk^  the  mammarj  glands  are  to  be  classed  among  the  organs  of  secre- 
im  Bfid  not  with  those  of  elimination  or  excretion;  for  none  of  these  elements  preexist 
to  tiie  bkK>d,  and  tbej  all  api^ear  ^rst  in  the  BiibBtanee  of  the  glands. 

During  tlie  period  of  secretion^  tbe  glands  receivo  a  much  larger  enpplj  of  blood  than 
it  otlier  timea*  Pregnancy  tavors  tbe  development  of  tbo  secreting  portions  of  the 
fJarni*  hrjt  does  not  induce  secretion.  On  tbe  other  band,  when  pregijancy  occurs  dur- 
ing laictation,  it  diminishes,  modiBes,  and  it  may  arrest  tbe  Becretion  of  milk.  The  secre- 
iwii  is  destined,  however,  for  the  nonrishment  of  tbo  child  and  not  for  use  in  the  economy 
'^  the  mother — an  important  point  of  distinction  from  all  other  secretions — and  its  pro- 
iluftiou  presents  one  or  two  interesting  peculiarities. 

Id  the  tirst  place,  the  secreting  action  of  tbe  mammary  glands  is  nearly  continuous. 
When  th«  ^cretion  of  milk  has  bocomo  fully  established,  while  there  may  be  certain 
pfriixla  when  it  is  formed  in  greater  quantity  than  at  otbersj  there  is  no  absolute  inter- 
mitUney  in  its  production. 

A^Biiti  in  all  the  other  glandular  organs,  tbe  epithelial  cells  found  in  their  secreting 

ftflrtmn  nuctu  to  be  tlie  active  agents  in  tbe  production  of  tbe  secretions;  but,  in  tbe  mam- 

lada,  as  wo  have  already  noted,  the  epithelium  entirely  disappears  from  the  secret- 

ni^  ciuM^^sac  during  the  period  of  greatest  functional  activity  of  the  glaod,  and  nothing 

iikft  to  perform  tbe  work  of  secretion  but  tbe  amorphous  membrane  of  tbe  vesicles. 


C^hiiti^Tit  which  mfkUfy  the  Lacteal  Secretion. — Very  little  is  known  concerning  the 
pkjriblogical  conditions  which  modify  the  secretion  of  milk.  When  lactation  is  fully 
l<itiiiihe<l,  the  quantity  and  quality  of  the  milk  secreted  become  adapted  to  tbe  require- 
BtBti  of  the  child  at  different  periods  of  its  exiat^ence.  In  studying  the  composition  of 
tiiemilk,  ih«<refore,  it  will  be  found  to  vary  considerably  in  the  different  stages  of  lacta- 
tioa.  h  U  evident  tbat^  as  tbe  development  of  tbo  child  advances,  a  constant  increase  of 
aottriahmcnt  is  demanded;  and,  as  a  ruk%  the  mother  is  capable  of  supplying  all  the 
ii3triti?e  nn^uirementa  of  the  infant  for  from  eight  to  twenty  months. 

I'aring  the  time  when  such  an  amount  of  nutritive  m Jitter  is  furnished  to  tbe  child^ 

^9  qnantitr  of  food  taken  by  the  mother  is  sensibly  increased ;  but  observations  have 

•kown  that  the  secretion  of  milk  is  not  much  intJuenced  by  tbe  nature  of  the  food.     It  is 

QcctiWftry  rhat  the  mother  should  be  supplied  with  good,  nutritious  articles;  but,  as  tar  as 

1  is  concerned,  there  seems  to  be  no  great  difference  between  a  coarse  and  adeli- 

iientation,  and  the  milk  of  females  in  the  lower  walks  of  life,  when  the  general 

■n  U  normal,  is  fully  as  good  as  in  women  who  are  able  to  live  luxuriounly.     It 

^  fact  geneniJly  recognized  l>y  pbysioloKists,  that  tbe  secretion  of  milk  is  little 

>•  any  special  diet,  provided  the  alimentation  be  sufficient  and  of  the  quality 

j aired  by  the  system   and  that  it  contain  none  of  the  few  articles  of  food 

liown  to  have  a  special  iutbumce  upon  lactation.     So  long  as  tbo  mother  is 

Mshyand  well-nourished,  the  milk  will  take  care  of  itself;  and  the  appetite  is  tbe 

fttif»*t  ^fiif\f^  to  the  proper  vainety,  quality,  and  quantity  of  food.     It  is  very  commoni 

r ,  for  females  to  become  quite  fat  during  lactation  ;  which  shows  that  the  fatty 

food  do  not  pass  exclusively  into  the  milk,  but  that  there  is  a  tendency, 

to  a  deposition  of  adipose  tissue  in  the  ordinary  situations  in  which  it 

iiioouU.     i:  r  of  common  experience,  that  certain  articles,  such  as  acids  and 

teowflUble  ^  ^  often  disturb  the  digestive  organs  of  tbe  child  without  producing 

iBf  chsnipe  in  the  milk,  that  can  be  recognized  by  chemical  analysis.     Tbe  individual 

^«rwct?*>  in  women,  in  this  regard,  are  very  great. 

Tbe  itateniootJi  with  reg,ard  to  solid  food  do  not  apply  to  licjuids.     During  lactation, 

fi.-        I     ^^  j^jj  increased  demand  for  water  and  for  liquids  generally;  and,  if  these  be 

in  snffjrient  quantity,  the  secretion  of  milk  is  diminished,  and  its  quality  is 

"i  v^  tmpiured.    It  is  a  curious  fact,  wMcb  has  been  fully  established  by  obser- 
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vations  upon  the  liuraan  sabject  and  the  inferior  animals,  that,  while  tlie  quantitj  of 
milk  is  increased  by  taking  a  large  amount  of  mmpl©  water,  tlie  ^olid  conBtitaents  arc 
ttko  iacreasetl,  and  the  milk  retains  all  of  its  qualities  as  a  natritive  fiuid, 

Ak'ohol,  especially  when  largely  diluted,  as  in  malt-liquors  anJ  other  raild  bevcragee, 
is  well  known  to  exert  an  inliuence  upon  the  secretion  of  milk.  Drinks  of  this  kind 
almojit  ahvaya  teni[><irarily  increase  the  activity  of  the  ftteretiou,  and  aonietimcs  they  pro- 
duce a  certain  amount  of  etlect  upon  tht;  child  ;  but  direct  and  accurate  observations  on 
the  actual  pajs^ge  of  alcohol  into  the  milk  ai^e  wauling.  During  lactation,  the  moderate 
use  of  drinks  containing  a  t^mall  proportion  of  alcohol  is  frequently  bentHcial,  pjirticu- 
larly  in  assiBtlDg  the  mother  to  tiustain  tho  unusual  drain  upon  the  sygtLUu  There  are, 
however,  few  instances  of  normal  lactation  in  which  their  use  is  absolutely  necessary. 

It  iit  well  known  that  the  secretion  of  milk  may  bo  profoundly  affected  by  violent 
mental  emotiun.f.  This  ia  the  case  in  many  other  secretions,  as  the  saliva  and  the 
gafitric  juice.  It  is  hardJy  necessary,  however,  to  cite  the  numerous  instances  of  modifi- 
cation or  arrest  of  the  secretion  from  this  cause,  which  arc  quoted  in  many  works.  Ver- 
nois  and  Becquerel  mention  a  very  striking  case,  in  which  a  bospital  wet-nurse,  who  had 
lost  ber  only  child  from  pneuinunia,  became  vidently  affected  with  grief  and  presented, 
as  a  consequeuce,  tm  immediate  dimintitjon  in  tho  <:juantity  of  her  milk,  with  a  great 
reduction  in  the  proportion  of  salts,  sugar,  and  butter.  In  this  case  the  proportion  of 
caseine  was  increased.  Sir  Astley  Gooper  mentions  two  cases  in  which  the  secreliun  of 
milk  was  instautaneousiily  and  permanently  arrested  from  terror.  These  crises  are  types 
of  numerous  otiiers,  which  have  been  reported  by  writers,  of  the  effects  of  menl^il  emo- 
tions ujion  secretion. 

In  the  present  state  of  onr  knowledge,  we  can  comprehend  the  influence  of  men- 
tal emotions  upon  secretion,  only  by  assuming  that  they  operate  through  the  nervous 
system;  and,  in  many  of  the  glands,  the  influence  of  the  nerves  has  been  clearly  demon- 
strated by  actual  experiment.  Direct  observations,  however,  upon  the  influence  of  the 
nerves  upon  tlie  mammary  glands  are  few  and  unsatisfactory.  The  oiieration  of  dividing 
the  nerves  distributed  to  these  glands,  which  has  occasionally  been  practised  upon  ani- 
mals in  lactation,  has  not  been  observed  to  produce  any  icnsible  diminution  in  the  quan- 
tity of  the  secretion.  It  is  diflicult,  however,  to  operate  upon  all  the  nerves  distributed 
to  these  organs. 

QuatitUtf  ^f  Milk. — It  is  very  difficult  to  form  a  reliable  estimate  of  the  average  quan- 
tity of  milk  secreted  by  the  human  female  in  the  twenty-four  hours.  The  amount  un- 
doubtedly varies  vQvy  much  in  different  persons;  some  women  being  able  to  nourish  two 
children,  while  others,  though  apparently  in  perfect  health,  furnish  hardly  enough  food 
for  one.  Cooper,  as  the  result  of  direct  rdiservation,  states  that  the  quantity  that  can  tm 
drawn  from  a  full  breast  is  usually  about  two  fltiidounces.  This  may  be  assumed  to  be 
about  theqnantity  contained  in  the  lactiferous  ducts  when  they  are  moderately  distended. 
LebmQun,  taking  for  the  basis  of  his  calculations  the  observations  of  Lanip^rierre,  who 
found,  as  the  result  uf  sixty-seven  experiments,  that  from  fifty  to  sixty  grammes  of  milk 
were  secreted  in  two  hours,  estimates  that  the  average  quantity  discharged  in  twenty- 
four  hours  is  1,320  grammes,  or  about  44*5  fluidounces.  Taking  into  consideration  the 
evident  rariutions  in  the  quantity  of  milk  secreted  by  different  wumen^  it  may  be 
assumed  tluit  the  daily  production  is  from  two  to  three  pints. 

Certain  conditions  of  the  female  are  capable  of  materially  influencing  the  quantity  of 
milk  secreted.  It  is  evident  that  the  secretion  is  usually  somewhat  increased  within  the 
first  few  months  of  inctation,  when  the  progressive  development  of  the  child  demands  an 
increase  in  the  c|uantity  of  nourishment.  If  tho  menstrual  function  become  reC-stahHshed 
during  lactation^  the  milk  is  usually  diminished  in  quantity  during  the  periods,  hut  some- 
times it  is  not  affected,  either  in  its  quantity  or  composition.  Should  the  female  become 
pregnant,  there  ts  generally  a  great  diminution  in  the  quantity  of  milk,  and  that  which 
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It  lecreted  is  ordinarilj  regarded  as  posBesBing  little  nutritive  power.  In  obedience  to  & 
popokr  prejudice,  apparently  well-founded,  the  child  is  usually  taken  from  the  hreast  as 
won  Mi  pre^ancy  is  reco^ized.  Authors  have  not  noted  any  marked  and  constant 
firiidoiis  in  the  quanttty  of  milk  in  females  of  different  ages. 

PropeHitB  and  Composition  of  the  MUh 

Th«  general  appearance  and  charactera  of  ordinary  cow's  milk  are  sufficiently  famil- 
iir  15 J  may  serve  ^  a  standard  for  coinparbon  with  the  milk  of  the  human  female, 
naman  milk  is  neither  so  white  nor  so  opaque  as  cow*a  milk,  having  ordinarily  a  slightly 
bkjj»ii  tinjio.  The  milk  of  different  healthy  women  presents  some  variation  in  this 
rtinrd.  After  the  secretion  has  become  fully  established,  tho  fluid  poaseases  no  visicidty 
m\  i*  nearly  opaque.  It  is  almost  inodorous^  of  a  peculiar  soft  and  sweetish  taste, 
mi  when  perfectly  fresh,  has  a  decidedly  alkaline  reaction.  The  taste  of  human  milk 
i^^ifi^t^r  than  that  of  c^w^s  milk.  A  short  time  after  its  discharge  froiu  the  inland,  the 
fuciioa  or  milk  becomes  faintly  acid  \  but  this  change  takes  place  more  slowly  in 
bQm&Q  milk  than  in  the  milk  of  most  of  the  inferior  animals. 

The  average  specitic  gravity  of  human  milk,  according  to  Vernota  and  Becquerel,  ia 
lOSS;  although  this  is  subject  to  considerable  variation,  the  niini^uum  of  eighty-nine 
otjerrations  V^eing  1025^  and  the  maximum,  1046,  The  observations  of  most  physiological 
eii«miits  have  shown  that  this  average  is  nearly  correct. 

Milk  ii*  not  coagulated  T*y  heat,  even  after  prolonged  boiling ;  but  a  thin  pellicle  then 
foftflf  on  the  surfu^'e,  which  is  probuldy  due  to  the  combined  action  of  h^at  and  the 
Atmritphere  upon  the  cascine,  xilthough  a  small  quantity  of  albumen  exists  in  the  milk^ 
tliiidoes  not  coagulate  on  the  surface  by  tho  action  of  tho  heaf,  for  tbe  scum  does  not 
form  when  the  fluid  is  heated  in  an  atmosphere  of  carbonic  acid  or  of  hydrogen,  or  in  a 
TftcannL 

When  the  milk  is  coagulated  bj  any  sabstanoe  acting  npon  the  caseine,  or  when  it 
«oagulat«s  spontaneously,  it  separates  into  a  curd,  composed  of  caseine  with  most  of  the 
fatty  particles,  and  a  nearly  clear,  greenish-yellow  serum^  called  whey.  This  separ»tion 
occors  spontaneously,  at  a  variable  time  after  the  discharge  of  the  milk,  tnking  place 
mach  more  rapidly  in  wann  than  in  cold  weather.  It  is  a  curious  fact  that  fresh  milk  is 
fr^tjoently  coagulated  during  a  thunder-storm,  a  phenomenon  which  has  never  been  sat- 
iifiw^torily  explained. 

On  b«ing  allowed  to  stand  for  a  short  time,  the  milk  separates,  withoat  coagulating, 
iftio  two  tolerably  distinct  portions,  A  large  proportion  of  tho  globules  rises  to  the  top, 
fonoing  a  yellowish -white  and  very  opaque  fluid,  called  cream,  leaving  the  lower  portion 
poorer  ill  globnies  and  of  a  decidedly  bluish  tint.  In  healtby  milk,  the  stratum  of  cream 
fonns  from  one-fifth  to  one-third  of  the  entire  mass  of  the  milk.  In  the  human  subject^ 
tbt  skim-milk  is  not  white  and  opaque,  but  it  is  nearly  as  transparent  as  tbe  whey.  A 
»"*▼  ?ncil  method  of  testing  tho  richness  of  milk  is  by  the  use  of  little  graduated  glasses, 
I  ictometers*,  by  which  we  can  measure  the  thickness  of  the  layer  of  cream.  The 
fjf  nnc  gravity  of  the  cream  from  milk  of  tho  average  specific  gravity  of  10E2  is  about 
1Q>I4.    The  specitio  gravity  of  skim-milk  is  about  1034. 

Mkfo§e&p{ml  Charaeteri  of  the  MiJh. — If  a  drop  of  milk  bo  examined  with  a  magni- 
ffiaf  power  of  from  three  hundred  to  six  hundred  diameters,  the  cause  of  its  opacity 
^81  be  apparent.  It  contains  an  immense  number  of  minnte  globules,  of  greet  refractive 
potw,  held  in  suspension  in  a  clear  fluid.  These  are  known  under  the  name  of  milk- 
cl«>1ml«>*  in. I  upt*  composed  of  margarine,  oleine,  and  a  fatty  matter,  peculiar  to  milk, 
me.  In  human  milk  the  particles  are  perfectly  spherical ;  but  in  cow^a  milk 
'  fV't  ^irten  polyhedric  fn»m  tuutua!  compression.  This  difference  Is  due  to  the  softer 
♦"^winififlce  of  the  batter  in  human  milk,  the  globules  containing  a  much  larger  propor- 
too(fot«ine;  and,  if  cow^a  milk  be  warmed,  the  particles  also  asstuno  a  spherical  form. 
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The  human  railk-globdes  measure  from  yyiinr  *<^  rAir  ^^^^  '^^^  ^^  diameter.  Tbey  are 
usuiilly  distinct  from  eiicli  other,  but  they  may  occasionally  become  coUected  jnt»>  groups 
without  indictitinj.'-  any  tliiu^'  almnrmaL     In  o  perfectly  nonnal  condition  of  Ihe  glands, 

when  the  lacteal  secretion  hfl>^  become  fully  ee- 
tiiblished,  the  milk  contains  nuthing  but  a  dear, 
fluid  with  these  globules  in  suspensioiL  Tbo) 
proportion  of  fatty  matter  in  the  milk  is  from 
twenty-five  to  forty-eight  parts  per  thousand, 
and  this  gives  an  idea  of  the  pro[»ortion  of, 
globules  which  are  seen  on  microscopical  ex-^ 
ainination. 

There  has  been  a  great  deal  of  discussion 
with  regard  to  tlie  anatomical  constitution  of 
the  milk-globules.  In  many  late  works  it  is 
stated  that  these  are  true  anatomica]  elements, 
composed  of  fatty  matters  surrounded  by  on 
albuminoid  membrane;  but  some  writers  as- 
eume  that  the  fat  is  merely  in  the  form  of  an 
emuliiion  and  is  simply  divided  into  globules 
and  held  in  suspension^  like  the  fiitty  particles 
of  the  chyle.  No  one^  however,  has  assumed 
to  have  seen  the  investing  membrane  of  the  rail k -globules,  and  its  existence  is  only 
inferred  from  the  behavior  of  these  little  particles  in  the  presence  of  certain  reagents. 
It  is  unnecessary  to  reyiew  in  detail  the  numerous  opinions  that  have  been  advanced 
on  this  subject.  As  far  as  can  be  ascertained  by  simple  examiiintinn,  even  with  the 
liighcat  magnifying  powers^  the  globules  appear  perfectly  bomogeneoas ;  and  the  burden 
of  proof  rests  with  thosie  who  profess  to  be  able  to  demonstrate  the  existence  of  an 
investing  membrane.  Robin^  one  of  tbo  highest  authorities  on  these  subject j*,  argues 
against  the  existence  of  a  Tuembrano  and  opposes  the  observations  of  those  who  assume 
to  have  demonstrated  it,  by  explanations  of  the  phenomena  produced  by  reagents,  whicli 
do  not  involve,  as  a  necessity,  the  presence  of  such  a  structure.  The  arguments  in  favor 
of  its  exiatenoe  are  not  very  satisfactory ;  and  the  experiments  upon  which  they  are 
based  relate  chiefly  to  the  action  of  ether  upon  the  globules  before  and  after  the  action 
of  other  reagents, 

Jf  a  quantity  of  milk  be  shaken  np  with  an  equal  volume  of  ether,  the  mixture 
remains  opaque ;  but,  if  a  little  potash  be  added,  the  fatty  matters  are  dissolved,  and  the  : 
mixture  then  becomes  more  or  less  clear.  These  facts  are  all  that  can  be  observed  with- 
out following  out  the  changes  with  the  microscope,  Robin  has  shown  that  the  fatty 
particles  are  acted  upon  when  the  milk  is  thoroughly  agitated  with  ether  alone ;  and 
that  the  opacity  is  then  due  to  the  fact  that  the  ether,  with  the  fat  in  solution,  is  itself 
in  the  form  of  an  emulsion.  !f  the  opacpio  mixture  of  milk  and  ether  be  examined 
with  the  microscope,  globules  are  seen,  larger  than  the  ordinary  milk-globules,  paler, 
and  possessing  much  less  refractive  power.  These  he  supposes  to  be  comjiosed  of  fat 
and  ether.  If  potash  be  added,  either  before  or  after  the  addition  of  ether,  Uie  consti* 
tution  of  the  whole  mass  of  liquid  is  changed,  and  it  becomes  somewhat  transparent, 
though  by  no  means  perfectly  clear.  It  is  assumed  that^  in  the  first  instance,  the  ether 
does  not  attack  the  globules,  because  it  has  no  effect  upon  the  membrane  which  is  sup- 
posed to  exist,  and  that  the  potash  acts  upon  the  membrane,  allowing  the  ether  then  to 
take  up  the  fat ;  but,  if  the  observations  of  Robin  be  correct,  it  is  evident  that  this  view 
cannot  be  sustained. 

If  dilute  acetic  acid  be  added  to  n  specimen  of  milk  under  the  microscope,  the  glob- 
nidi  become  deformed,  and  some  of  them  show  n  tendency  to  ran  together;  im  appear- 
ance which  is  supposed  by  Uenle^  who  was  the  first  to  study  closely  the  action  of  acetic 
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\  «i>oo  the  mitk-globulesj  to  indicate  tbo  existence  of  a  membrane.  Tfiis  deduction, 
liofrever^  is  not  justififlble*  Acetic  acid  readily  coagulates  the  cnseiue,  a  principle  which 
is  EO<i«l  efiieivQt  in  maintaining  the  fat  in  its  peculiar  condition.  The  coagulating  caseine 
tlicB  pr>e*^e4  upon  the  globules,  and  producca^  in  this  waj%  all  the  changes  in  form  that 
hi  ^served. 

rUe  other  arguments  in  favor  of  the  existence  of  a  membrane  have  no  support 
firooi  direct  observation,  and  consequently  tbey  do  not  demand  special  consideration; 
vMId  aH  the  facts  which  wo  have  been  able  to  find  relating  to  this  siutgoct  go  to  show 
Uuit  th«  t^ilf  matters  in  the  milk  are  in  the  condition  of  a  simple  emubion.  The  precise 
oomittion^  however^  of  the  fluid  immediately  anrroimding  the  globules  is  not  fully  under* 
fliood*  Certain  of  the  constituents  of  fluids  capable  of  forming  emulsive  mixtures  with 
riquid  Okt»  may  form  a  coating  of  excessive  tenuity  immediately  around  the  globules,  but 
they  never  constitute  distinct  membranes  capable  of  resisting  the  action  af  soUents  upon 
tb«Cits;  and,  in  the  case  of  the  milk,  they  da  not  prevent  the  mechanical  union  of  the 
1  into  masses,  as  occurs  in  the  process  of  churning.  Milk-globulea  less  than  ^^^^6  ^^ 
I  Inch  in  diameter  present  under  the  microscope  that  peculiar  oscillating  motion  known 
t  the  BrowTiian  movement  This  is  arrested  on  the  addition  of  acetic  acid,  by  coagula- 
tion <if  tljc  casoinc.  From  these  facts,  it  is  evideut  that  the  milk-globules  are  composed 
?i     '  it  in  the  form  of  a  tine  emulsion.     They  are  not  true  anatomical  elements, 

i«r  y  a  process  of  genesis  in  a  blasteuio,  nndergoing  physiological  decay,  and  ca- 

>uf  belf-regeneration  from  materials  furnisbed  by  the  menstruHm  in  which  they  are 
Ddw3,  like  the  blood-corpuscles  or  leucocytes.    They  are  simply  elements  of  secretion. 

Cpmpotition  qf  the  MilJt. — ^We  do  not  propose^  in  treating  of  the  com  position  of  the 

,  to  consider  the  various  methods  of  analysis  which  have  been  employed  by  ditferetit 

liftfi.    The  only  constituent  that  has  ever  presented  much  difiioulty  in  the  estimation 

fit*  qaantity  is  caseine;  but  the  various  processes  now  employed  for  its  extraction  have 

S  nearly  identical  results.    The  following  table,  compiled  by  Robin  from  the  analy* 
rarious  chemists^  gives  the  constituents  of  human  milk : 

Composition  of  Human  Milk. 
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Ca«^inr  (Itjiiccatcd) ,  • , 
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Cvbonalc  of  lime 

Flm^ffttatc  of  time  of  the  bones. . . 

lliOfpliiLte  of  ttiiigncsii 

Flitiiifihiite  uf  eoda 
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(  Carbonic  acid .   16*54 
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The  prDportion  of  water  ia  milk  is  subject  to  a  certain  amount  of  variation,  but  thit 
is  not  so  considerable  as  toigbt  be  expected  from  the  great  variations  in  tlie  entire  quan- 
tity of  the  secretion.  In  treating  of  the  tjuaiitity  of  millc  in  the  t\venty*four  honr§,  w© 
have  seen  that  the  influence  i>f  drinks,  even  when  nothing  but  i)ure  water  has  been  taken, 
is  very  marked;  and^  although  tlio  activity  of  the  secretion  h  much  increased  by  flnid 
ingesta^  the  quality  of  the  milk  is  not  usually  affected,  and  the  proportion  of  water  to  th« 
solid  matters  remains  about  the  same. 

Nitrogenued  CoiutituenU  of  Milk, — Very  little  remains  to  be  said  concerning  the 
nitrogeuized  condtituents  of  human  milk,  after  what  has  been  stated  under  the  head  of 
ali mentation.  The  dilfcrent  principles  of  this  class  undoubtedly  have  the  same  nutritive 
function  and  they  appear  to  be  ideatical  in  all  varieties  of  milk^  the  only  difference  being 
in  their  relative  proportion.  It  \%  a  matter  of  common  experience,  indeed,  that  the  niUk 
of  many  of  the  lower  animak  will  take  the  place  of  human  milk,  when  prepared  so  as  to 
make  tlie  proportiuns  of  its  different  constituents  appruiimate  the  composition  of  the  nat- 
ural food  i»f  the  child.  A  comparifc^on  of  the  composition  of  lioman  milk  and  cow**  milk 
shows  tiiat  tlie  former  is  poorer  in  nitrogenized  matters  and  richer  in  Imtter  and  sugar; 
and  consequently!  the  upper  strata  of  cow^s  milk,  appropriately  sweetened  and  diJuied 
with  wat^^r,  very  nearly  represent  the  ordinary  brea.*t-nulk. 

Caseine  is  by  far  the  most  important  of  the  nitrogenisted  principles  of  milk^  and  it  sup* 
plies  nearly  all  of  this  kind  of  nutritive  matter  dt^manded  liy  the  child.  Lacto-proieine, 
a  principle  described  by  Millon  and  Commaille,  is  not  so  well  defined,  and  albumen 
exists  in  the  milk  in  very  small  quantity.  That  alhumen  always  exists  in  milk,  can  readily 
be  shown  by  the  following  process  described  by  Bernard :  If  milk,  treated  with  an 
excess  of  sulphate  of  magnema  so  as  to  form  a  thin  paste,  be  thrown  upon  a  filter,  the  case* 
ine  and  fatty  matters  will  be  retained,  and  the  clear  liquid  that  passes  through  shows  a 
marked  opacity  upon  the  ai>plication  of  heat  or  the  addition  of  nitric  acid. 

The  coagulation  of  milk  depends  upon  the  reduction  oi  caseine  from  a  liquid  to  ft 
semisolid  conditiou.  When  milk  is  allowed  to  coagulate  eponlancously,  or  sour,  tbil 
change  is  etfected  by  th«  action  of  the  lactic  acid  which  results  from  a  transformation  of  ft 
portion  of  the  sugar  of  milk.  Caseino,  in  fact.,  is  coagulated  by  any  of  the  acids,  even 
tlie  feeble  acids  of  organic  origin.  It  differs  from  albumen  in  this  regard  and  in  the  fact 
tliat  it  is  not  coagulated  by  beat.  It  has  been  suggested  tiiat,  in  fresh  milk,  the  cajMCine 
exists  in  combination  with  carbonate  of  soda,  and  that  coagulation  always  takes  place 
from  the  action  of  acids  upon  this  salt,  by  Tvhich  tlie  caseine  is  set  free*  It  is  tme  that 
coagulated  caseine  may  be  readily  dissolved  in  a  solution  of  carbonate  of  soda,  but  it  has 
been  shown  that  coagulation  may  be  induced  by  the  agency  of  certain  neutral  principle^ 
while  the  milk  retains  its  alkaline  reaction.  If  fresh  milk  be  slightly  raised  in  tempera- 
ture and  be  treated  with  an  infusion  of  the  gastric  mucous  membrane  of  the  <^alf»  coaga- 
lation  will  take  place  in  from  five  to  ten  minutes,  the  clear  liquid  still  retaining  its  alka* 
line  reaction.  Simon  has  observed  that  the  mucous  membrane  of  the  stono^ch  of  an 
infant  a  few  days  old,  that  had  recently  died,  coagulated  woman's  milk  more  readily  than 
the  mucous  membrane  of  the  stomach  of  the  call^ 

Non-Niirogenhfil  Vonstitn^nU  <j/*  Milk. — Non*nitrogenized  matters  exist  in  abnii- 
dance  in  the  milk.  The  liquid  casein©  and  the  water  hold  the  fats,  Ba  we  have  seen,  in 
tlie  condition  of  a  fine  and  permanent  emul'^ion*  Tliia  fat  has  been  separated  from  the 
milk  and  analyzed  by  chemists  and  i*^  known  under  the  name  of  butter.  In  human 
milk,  the  butter  is  much  softer  than  in  the  milk  of  many  of  the  inferior  animals,  particn- 
Iftrly  the  cow ;  but  it  is  com  posed  of  essentially  the  same  constituents,  although  in  differ- 
ent proportions.  In  different  animals,  there  are  developied,  even  after  the  dischaige  of 
the  milk,  certain  odorous  principles,  which  are  more  or  less  characteristic  of  the  onimftl 
from  which  the  butter  is  taken,  ^ 

The  greatest  part  of  the  butter  consists  of  margarine.    It  contalna,  in  addition^  oleine,  ■ 
with  a  small  quantity  of  peculiar  fats,  which  have  not  been  very  well  determined,  called 
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iMlQfflii^  eaprioev  caproloe^  and  cftpriline.  Tlie  margarmc  and  oleine  are  principles  found 
in  tbo  £Ki  tbronghnnt  the  bodj  ;  but  the  last-named  substances  are  (>eculiar  to  the  milk. 
Tlieie  iro  esp^ciallj  liable  to  ucidifioatioa,  and  the  acids  resulting  frum  their  decompoei- 
tton  girt  the  (MM^ulinr  odor  and  favor  to  roneid  butter. 

Sogar  of  uidk«  e^ornetiiues  called  lactiDOf  or  lactose,  is  the  most  abundant  of  the  solid 
.fieDt«  of  the  ntammarj  secretion.     It  is  this  principle  that  gives  to  the  milk  itti 
aweetiah  taste,  although  this  varietj  of  ftngar  is  much  \qs&  sweet  than  cane-su^ar. 
Tbeohtef  pecuharities  of  tnilk-migar  are  that  it  readily  undergoes  change  into  lactic  acid 
in  tib^  pretence  of  nitrogenized  ferments  and  takes  on  alcoholic  fermentation  slowly  and 
Willi  dilKcnlty.     At  one  time,  indeed,  it  was  sapposed  that  milk-sugar  could  not  be  de- 
ecRDpoted  into  alcohol  and  carbonic  acid ;  but  it  is  now  well  established  thut  this  change 
COB  b©  induced,  the  only  peculiarity  beinj?  that  it  takes  place  very  slowly.     In  some  parts 
of  the  world,  intoxicating  drinks  are  made  by  the  alcoholic  fermentation  of  milk. 
^m    A  consideration  of  the  nutritive  action  of  the  fatty  and  saccharine  conii^tituents  of  milk 
^^Blloilf9  properly  to  the  subjects  of  alimentation  and  nutrition.     It  may  be  stated  here, 
bowercr,  that  these  principles  seem  to  be  aa  necessary  to  the  nutrition  of  the  child  as  the 
aJtrogenixed  principles;  although  the  precise  manner  in  which  they  affect  tho  develop- 
i&esl  and  regeneration  of  the  tissues  has  not  been  ascertained* 

Inorganic  Comtituents  of  Milh — It  is  probable  that  many  inorganic  principles  exist 
lath«  milk  which  are  not  g^ven  in  the  table  ;  and  the  separation  of  these  principles  from 
t!i<^ir  fHiimbln&tions  with  organic  matters  is  one  of  the  most  difficult  problems  in  physio* 
hi\snd  chemistry.  This  must  be  the  case  for,  during  the  first  months  of  extra-nterlno 
eiiiU'nct\  the  child  derives  all  the  inorganic,  aa  well  as  the  organic  matters  necf^jsary  to 
TiQirition  and  development,  from  the  breast  of  the  mother.  The  reaction  of  the  milk 
tlr^-nd*  upon  the  prej*enoe  of  the  alkaline  carbonates,  and  these  principles  are  important 
\h  prt?«efving  the  fluidity  of  the  caseine.  It  is  not  determined  precisely  in  what  form  iron 
ttiitiiQ  the  milk,  but  its  presence  here  is  undoubted.  A  compari^w^n  of  the  composition 
<i  ibe  milk  with  that  of  the  blood  shows  that  most  of  the  important  inorganic  prin- 
ciplei  found  in  the  latter  dnid  exist  also  in  the  milk. 

Hoppe  has  indicated  the  presence  of  carbonic  acid,  nitrogen,  and  oxygen,  in  solution 
b  milk*  Of  tiioso  gases,  carbonic  acid  is  the  most  abundant.  It  is  well  known  that 
tilt  pre^nce  of  gases  in  solution  in  li^juids  renders  them  more  agreeable  to  the  taste, 
ad  cirboQic  acid  increases  very  materially  their  soivent  properties.  Aside  from  these 
oaoildtntioiki^  the  preciae  function  of  the  gaaeoua  constituents  of  the  milk  is  not  ap> 

Aitady  of  the  composition  of  the  milk  fully  confirms  the  fact,  which  we  have  already 
hid  oceaaion  to  state,  that  this  is  a  ty|ncal  alimentary  6uid  and  presents  in  itself  the 
pfojwr  proportion  and  variety  of  material  for  the  nourishment  of  the  body  during  the 
Period  when  the  development  of  the  system  is  going  on  with  its  maximum  of  activity. 
Thiform  in  which  its  different  nutritive  constituents  exist  la  such  that  they  are  eaaily 
diluted  and  are  assimilated  with  great  rapidity. 

Variations  in  the  Composition  of  the  Milk, 

Yeniois  and  Becqnerel  have  indicated  a  certain  amount  of  variation  at  different  ogea 
ttdit  dltferent  j>eriods  in  lactation,  but  they  show,  at  the  same  time,  that  the  tlaid  is  not 
miet  tn  changes  in  its  composition  sufficiently  great  to  inHuenee  materially  the  nutrition 
flf  lh»  cbild- 

if  the  composition  of  the  milk  be  compared  at  different  periods  of  lactation,  it  will  be 
fiwad  to  undergo  great  changes  during  the  first  few  days.  In  fact,  the  first  fluid  secreted 
*fter  parturition  is  so  different  from  ordinary  milk,  that  it  has  been  called  by  another  name. 
It  it  thou  known  as  colostrum,  the  peculiar  properties  of  wliich  will  be  considered  more 
(lllf  hereoiter,  under  a  distinct  head.  As  the  secretion  of  milk  becomes  established,  tbo 
bd,  fhHD  the  first  to  the  fifteenth  day,  becomes  gradually  diminished  in  density  and 
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in  ite  proportion  of  water  and  of  sngar,  while  there  U  a  progressive  increase  in  the  pro* 
portioD  of  mo&jt  of  the  other  constituents,  tIz.,  h utter,  eaaetne,  and  the  inorganic  aalt& 
The  tnilk.,  theti^fore,  as  far  as  we  can  judge  from  its  compo^tion,  as  it  increaaes  iii_ 
quantity  during  the  first  few  days  of  lactation,  is  constantly  increasing  in  its  nutntiTi 
properties. 

The  differences  in  the  composition  of  the  inilk,  taken  from  month  to  month  dnring  tii|| 
entire  period  of  lactatioOt  are  not  ao  distinctly  marked.  It  Ia  difficult,  indeed,  to  indicab 
any  constant  variatioas  of  sutBcicnt  importance  to  lend  to  the  view  that  the  mUk  varies 
much  in  its  nutritive  properties  at  dilierent  times^  during  the  ordinary  period  of  lactation-^ 
The  diflcreuces  noted  between  the  milk  of  primi[}iirffi  und  multipai'iip  were  very  slight  andfl 
nnimportant.  As  a  rule,  however,  the  milk  of  primlpurs)  approaches  more  nearljr  the 
normal  standard. 

The  menstrual  periods,  when  they  occur  during  lactation,  have  heen  found  by  most 
observers  to  modify  considerably  the  compositioo  and  properties  of  the  milk;  and  ii  it, 
weU  known  to  practical  physicians  that  the  secretion  is  then  liable  to  province  serioua 
disturbances  of  the  digestive  system  of  the  child,  although  frequently  these  effects  axe  not 
observed.     The  changes  in  the  composition  of  the  milk  which  commonly  occur  dnringl 
menstruation  are,  great  increase  in  the  <|uaiitity  of  caseine,  increase  in  the  proportion  of 
butter  and  the  inorganic  salts,  and  a  slight  diminution  in  the  proportion  of  sugar.     Tb<»  ^ 
common  impression  that- the  milk  is  unfit  for  the  nourishment  of  the  child  if  pregnancy 
occur  during  lactation  la  undoubtedly  well-founded,  although  analyses  of  the  milk  uf 
pregnant  women  have  never  been  made  upon  an  eitende<I  scale. 

In  normal  lactation,  there  is  no  marked  and  constant  difference  in  composition  between 
milk  that  has  been  secreted  in  great  uhundimce  and  milk  which  is  produced  in  compani' 
tively  small  quantity;  nor  do  wo  observe  that  difference  between  the  milk  first  drawn 
from  the  breast  and  that  taken  when  the  ducts  are  neiirly  euipty,  which  is  observed  in 
the  milk  of  the  cow. 

The  influence  of  alimentation  and  the  tiiking  of  liquids  upon  lactation  relates  chiefijto] 
the  quantity  of  milk  and  has  already  Ijcch  cunsidered. 

In  treating  of  the  iufluences  w^hieh  modify  the  secretion  of  mOk,  we  have  alreidrl 
alluded  to  the  etTects  of  violent  mental  emotions  upon  the  production  tmd  the  composition  I 
of  thiH  fluiiJ.  The  vaxy  remarkable  case  of  profound  alteration  of  the  milk  by  violent] 
grief,  detailed  by  Vcruois  and  Bocijuercl,  is  the  only  one  in  which  the  secretion  in  ihial 
condition  has  been  carefully  analyzed.  Tlie  changes  thus  produced  in  its  ccmpoi^ition  | 
have  already  been  referrcil  to,  the  most  marked  difference  being  observed  in  the  propor- j 
tion  of  butter,  which  became  reduced  from  28-79  to  5*14  parts  per  Lt>UO, 


Colostrum, 

Near  the  end  of  utero -gestation,  during  a  period  which  varies  considerably  in  diffSa 
women  and  hns  not  been  accurately  determined,  a  smaLl  quantity  of  a  thiekish,  atr 
fluid  may  frequently  be  drawn  from  the  mammary  glands.  This  bears  little  resemblance  1 
to  perfectly-formed  milk.  It  is  small  in  quantity  and  is  usually  more  abundant  in  multi- 
paraj  than  in  primipara).  This  fluid,  with  that  secreted  for  the  first  few  day*  after  i 
delivery,  is  called  colo*?trum.  It  is  yellowish,  8emiopa<|ue^  of  a  distinctly  alkaline  reaction,  j 
and  is  some  w  hat  mucihiginous  in  its  consistence.  Its  specific  gravity  is  considerably  aljove  j 
that  of  the  ordinary  milk,  being  from  1040  to  10 GO.  As  lactation  progresses,  the  charac- 
ter of  the  secretion  rapidly  changes,  uutil  it  becomes  loaded  with  true  milk-globulea  and  j 
assumes  the  characters  of  ordinary  milk. 

The  opacity  of  tlie  colostrum  is  due  to  the  presence  of  a  number  of  different  eor-1 
pnscnlar  elements,    Milk-globules,  very  variable  In  size  and  number,  are  to  bo  found  in 
the  aecretion  from  the  first     Thc»e,  however,  do  not  exist  in  sufficient  quantity  to  render 
the  fluid  very  opaque,  and  they  are  frequently  aggregated  in  rounded  and  irregi 
held  toget!ier,  apparently,  by  Bome  glutinous  matter.    Peculiar  corpufcles^  l 
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■eoaratelj  ieserlbed  bf  Dotin^f  under  the  namo  of  "  granular  bodles,^^  and  sapposed  to 
be  difinehifistic  of  the  colostrum,  always  exist  in  tbis  Huid.  These  are  now  known  as 
ooloitnim-corpuscles.  They  aro  apherk-al^  varying  in  size  from  y^  to  ^^^  of  an  inch,  are 
Hiiiwlimca  pale,  but  more  frequeDtly  quite  gran- 
alar^  antl  they  contain  very  often  a  large  num- 
ber of  fatty  particles^  They  behave  in  all  res]>ects 
hka  I«ucooyt4?s  and  arc  described  by  Robin  as  a 
^tfiety  of  these  bodies.  Many  of  them  are  pre- 
:It  like  the  leucocytes  found  in  the  blood, 
ipK,  or  puA.     We  now  know,  however^  tbat 

chi»  6o-ca1Wd  mucus- corpuscle  does  not  dttier 

Irmu  Uie  po^corpu^^k*  or  the  white  corpuscle 

of  the  blood;  and  leucocytes  generally,  when 

ctmtined  in   li<|aids    that    are   not  isubjeet  tu 

inrtvivfDentft,  are  apt  to  undergo  enlargement, 

to  become  fatty,  und,  in  short,  they  may  pre* 

wai  ill  the  ditierent  appearances  observed  in 

the  eokt^trom-corpaacles.     In  addition  to  tlie:^ 
olar  elements,  a  small  quantity  of  muco- 
mftf  ft-equently  be  observed  in  the  oolos-   Fio.  104 -(?flto#/r«m,/rjw  a  he^my tufn^Lnwo- 

'-^OSCOpical  examination.  The  snuiller  iflobulc*  «re  irtobulM  of  milk  ;  the  larger 

iddition  of  ether  to  a  specimen  of        jJobuksv  a,  «i»  filled  with  grjaoki^^^^^^  <u-e  coiov 


lof  lnlm•<^o^pll«de«  ffiutuAUy  dUcppMU-,  And  Ul« 
iDilk-f2-)oba1c8  l>ecocn«  more  naiiMsnHiA,  nnallor, 
nud  more  unUSnmi  In  tlie. 


mider  the  microscope,  most  of  the 
MLj  ptrttctea^  both  within  and  witliout  the 
eolMtrQai-eorpuscles,  are  dissolved.    Ainruonia 

idlodtothe  fluid  renders  it  stringy^  atid  sometimea  the  entire  mass  assumes  a  gelati- 

BoQg  eonstateiioe* 

In  its  proiimftte  composition^  colostrum  presents  many  points  of  difference  from 

f  milL     It  is  sweeter  to  the  taste  and  contains  a  greater  proportion  of  sugar  and 

f  liu;  inorganic  salts.     Tbe  proportion  of  fat  is  at  least  equal  to  the  proportion  in  the 

lad  is  general! J  greater.     Instead  of  caseine»  pure  colostrum  contains  a  large 

fmportioD  of  albamen  ;  and,  as  the  character  of  the  secretion  changes  in  the  process  of 

Itcteticio^  the  albumen  becomes  gradually  reduced  iu  quantity  and  caseine  takes  its  place. 

Tht  following,  deduced  from  the  analyses  of  Clemm^  may  be  taken  as  the  ordinary 

jitinpi  i.f  *  r»Iostrum  of  the  human  female : 
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, 04iS'24 

29-81 

., 1-m 

Sqgftr  of  milk,  extnictiTe  matter,  and  salts  soluble  in  nkohol ....,,.•.  17*27 

U*'                                                                0-«l 


Jdboiam,  and  ctlts  iojiolubtc  in  alcohol 

Boutr. .,, 


1,000-00 

CoJoitmtn  ordinarily  decomposes  muoh  more  readily  than  milk  and  takes  on  putre- 

ery  rapidly*     If  it  be  allowed  to  stand  for  from  twelve  to  twenty-four 

s  into   a   thick,  opaque,  yellowiBh  cream  and  a  serous  iluid.     In  an 

■irraiion  by  hir  Astley  Cooper,  nine  measures  of  colostrum,  t.iken  soon  after  partn- 

,  after  twenty-four  hours  of  repose,  gave  six  parts  of  cream  to  three  of  milk. 
The  peculiar  constitution  of  the  colostrum,  particularly  the  presence  of  an  excesa  of 
rand  inorifanic  salts,  renders  it  somewhat  laxative  in  its  effects,  and  it  is  sfupposed 
>W  U!M*ful,  during  the  first  few  days  after  delivery^  in  assisting  to  relieve  the  infant  of 
RQlattoD  of  meconium. 
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As  the  qnantitj  of  colostrum  that  may  he  pressed  from  the  mammarj  glandi  dnriof 
the  latter  pc^riods  of  utero-gestation,  particularly  the  last  month,  id  very  Tariahle,  it 
becomes  au  interesting  and  important  question  to  determine  whether  this  secretion  hare 
any  relation  to  ttie  quantity  of  milk  that  may  he  exjiected  after  delivery.  This  has  been 
made  the  subject  of  careliil  study  by  Donn6,  who  arrived  at  the  following  important 
eciiclnaions : 

In  women  in  whom  the  secretion  of  colostrum  is  almost  absent,  the  fiuid  being  in 
exceedingly  small  quantity,  viscid,  and  containing  hardJy  any  corpuscular  elements,  there 
is  hardly  any  milk  produced  after  delivery. 

In  women  who,  before  delivery,  present  a  moderate  quantity  of  colostram,  ccmtadli- 
ing  very  Jew  milk- globules*  and  a  number  of  colostrum-corpuscles,  after  delivery  the  milk 
will  be  scanty  or  it  may  be  abundant,  but  it  is  always  of  poor  (juality. 

When  the  quantity  of  colostrum  produced  is  considerable,  the  secretion  being  qnita 
fluid  and  rich  in  corpuscular  elements^  particularly  uulk-globules,  the  milk  alter  d^^livcr^ 
is  always  abundant  and  of  good  qtiallty. 

From  these  obaervatiuns,  it  would  seem  that  the  production  of  colostrum  is  an  indi- 
cation of  the  proper  development  of  the  mammary  glands ;  and  the  early  production  of 
fatty  granules,  which  are  first  formed  by  the  cells  lining  the  secreting  vesicles,  indicates 
the  probable  activity  in  the  secretion  of  milk  atTter  lactation  has  become  fuUj  esUh- 
liahed. 

The  secretion  of  the  mammary  glands  preserves  the  characters  of  oolostriim  until 
toward  the  end  of  the  milk-fever,  whtn  the  colostrum-corpuscles  rapidly  disappear,  and 
the  milk-globules  become  more  numerous,  regular,  and  uniform  in  size.  It  may  be  stated, 
in  general  torina,  that  tlie  secretion  of  milk  becomes  fully  established  and  all  the  charnc- 
ters  of  the  colostrum  disappear  at  from  the  eighth  to  tlje  tenth  day  alter  delivery*  A  few 
colostrum-corpuscles  and  masses  of  agglutinated  milk-globnles  may  sometimes  bo  dis- 
covered after  the  tenth  day,  but  they  are  very  rare.  After  the  fifteenth  day,  th©  milk 
does  not  sensibly  change  in  its  microscopical  or  its  chemical  chiiracters. 


Lacteal  Secretion  in  the  Nei^ly-Borru 

It  is  a  curions  fact  that  in  infants  of  both  sexes  tliere  is  gener^ally  a  certain  amonnt ' 
of  secretion  from  the  mammary  glands,  commencing  at  birth  or  from  two  to  three  daytj 
aft^jr,  and  conttnoing  sometimes  for  two  or  three  weeks.  The  quantity  of  fluid  that  may 
be  pressed  ont  at  the  nipples  at  this  time  is  very  variable.  Sometimes  only  a  few  dropl 
can  bo  obtained,  but  occasionally  the  fluid  amounts  to  one  or  two  drachma.  AlthoughJ 
it  is  impossible  to  indicate  the  object  of  this  Bccretion,  which  takes  place  when  the  glandtl 
are  in  a  rudimentary  condition,  it  baa  been  so  often  observed  and  described  by  physiolo-l 
gists,  that  there  can  bo  no  doubt  with  regard  to  the  nature  of  the  fluid  and  the  fact  thai  ] 
the  secretion  is  almost  idways  produced  in  greater  or  less  quantity.  The  following  b  aaj 
analysis  by  Qnevcnne  of  the  secretion  obtained  by  Gubler.  The  observations  of  Guhler 
were  very  erteuded  and  were  made  upon  about  twelve  hundred  children.  The  secrctio 
rarely  continued  for  more  than  four  weeks,  but  in  four  instances  it  persisted  for  U 
months. 

Composition  of  the  Milk  of  the  Infajit, 

Water ., ZHi 

Cisclne, .., 20M 

Sugar  of  milk , fiS*l 

Butter 14^ 

Earthy  phosphates »...,,,   .  1*1 

Soluble  salts  (with  a  small  quantity  of  insoloblc  phosphates) 3*S0 

1,000-00 
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Thb  floid  diMia  not  differ  laoch  m  ita  coiupoBvtion  from  ordimirj  raUk.  The  propor- 
L  uf  batter  is  much  lesa,  bnt  the  amotmt  of  sugar  is  greater,  and  the  qaantity  of  case- 
I  is  neiirljr  tho  same. 

Of  the  other  flaids  which  aro  enuinerakid  in  the  list  of  secretions^  the  saUva,  gastric 
juioe,  pancreatic  juices  and  tho  intestinal  fluids  have  already  heen  considered  in  connec- 
tiOQ  witJi  digestion,  Tho  physiology  of  the  lachrymal  secretion  will  be  taken  up  in  con- 
a^cUoo  with  the  eye,  and  the  bile  will  be  treated  of  fnUy  under  the  head  of  excretion. 


CHAPTER    XII. 

EZCRETION  ST  TBB  SKlIf  AJW  KIDWEYS. 

t  bflt«««n  tim  mcntioiu  proper  anil  the  oxcrctlonB — PhffflobgiMLl  nmtontf  of  the  tlda— Pbytiola^eal 
iUkmr  hf  xhe  noili  sod  hMre— daddett  bliuicliiAfr  of  the  hair— 0i«9  of  the  Imlrft— PenpUsdon— fiodtiripju^nia 
jlmJi  MtulmjiiMu  of  Ibe  secrvtkuD  of  •weat^->Propcrtl<r»  and  uompQ«Uiun  of  tbo  twefttp— FecoHatltltti  of  tba 
riHal  lo  cMtalii  ptita — ^FliysSolDgleal  aiutoinx  of  tho  kidney »—DbtrlbutioD  of  blood-Tefisois  tii  tbf  kMD«7B 
-^t^^vphaHes  sad  nervoa  of  tho  Iddneya — Mecbaubm  uf  Lho  pmdactloD  uid  discboi^  of  urloo — Formation 
If  Ikt  «n»eiD«iit)tlouB  i^otistltueQts  of  th«  nrtoo  la  tho  tlMUciv  abflorptlon  of  theto  piiodpleji  ty  the*  blood, 
Mlicpancton  of  thcto  (hum  the  blood  by  tho  kidooyt— EfTectJi  of  t^movol  of  both  kldoey^  tcom  a  lirlngr  anbiul 
I  ttf  tying  the  urethra  is  a  Urinir  animal — ExtirpatioD  of  one  kidnejr— Influeoco  of  blood 'prcafturp,  Um 
•  tjritefa.  etc^  upon  the  f.e>crotlon  of  artni'^^AHernatloa  In  tho  actftoD  of  the  kMneya  opoo  thu  two  ildaft— 
I  In  tht  oofDpoaltloD  of  tho  blood  In  pttsslng  tbrotigh  the  klidii«j»— PhyMolofrlcal  anatoiiij  of  lhf>  tirbufy 
.MMhaDinn  of  the  dlaeburffB  oif  urine— Propertlee  and  oompoeltlon  of  th«  urino- General  phyAteid  prop- 
I  of  111*  iirtii»— QoioUty^  Bpeelflo  grsTlty,  and  reectioQ  of  the  iuIdc — Compo^lUoo  of  the  urlno— (>«&««  of 
tbtiviM— TiHfttloot  In  fcbe  ootrapoettlon  of  the  urine— VarlatloQa  produced  by  food— Urioa  potuis  nrlnadbl, 
«id«ilM  iaiiciif&tB--tofliteiice  of  moicalar  exerdfte  upon  the  uiino- ImJlueiioe  of  meotil  azertloD. 

I5  entering  npoo  the  stndj  of  tho  elimination  of  effete  matters^  it  ia  necessary  to 
•ppreciate  fully  the  broad  diistinctions  between  the  secretions  proper  and  tho  excretions, 
iiiCbeir  composition,  the  mechanism  of  their  production,  and  their  destination.  These 
«iB»d«ifiitioDs  are  again  referred  to,  for  the  reason  that  they  have  not  ordinarily  received 
Inattention  in  works  upon  physiology  which  their  importance  seems  to  demand-  The 
&«eltoi]isui  of  excretion  is  inseparably  connected  with  the  function  of  nntrition,  and  it 
fcnnsone  of  the  great  starting-points  in  tho  study  of  all  the  modifications  of  nutrition  in 
^ieued  conditions. 

Taking  the  urine  as  tlie  type  of  the  excrementitions  fluids,  it  is  found  to  contain  none 
^tbo0e  principles  included  in  the  class  of  non-erystallizable,  organic  nitrogenize<l  mat- 
ing bat  is  composed  entirely  of  crystallizable  matters,  simply  held  in  solution  in  water. 
Tl>e  eWiict«r  of  these  principles  depends  upon  tho  constitution  of  tho  blood  and  the  gen- 
8nd  condition  of  nutrition^  and  not  upon  any  formative  action  in  the  glands.  The  principles 
tfcoBMlTe^  represent  the  ultimate  physiological  changes  of  certain  constitnent  parts  of  the 
lifin^  organism,  and  they  are  in  such  a  condition  that  they  are  of  no  farther  use  in  the 
•ooocraiy  and  are  simply  discharged  from  tho  body.  Certain  inorganic  matters  are  found 
fathe  eicrementitiouB  fluids,  are  discharged  with  the  products  of  excretion,  and  are  thus 
ittociated  with  tho  organic  principles  of  tho  economy  in  their  physiological  destruction, 
» tell  as  in  their  deposition  in  the  tissues.  Coajruhible  organic  matters,  or  albuminoid 
^pnBd[ile^  never  exist  in  tho  eicrementitious  fluids  under  normal  conditions ;  except  aa 
y  |ffoducta  of  other  glands  may  become  accidentally  or  constantly  mixed  with  the 
»ntition»  fluids  proper.  The  same  remark  applies  to  tho  non-nitrogenlced  matters 
i  fat»)f  whicli,  whether  formed  in  tbe  organism  or  taken  as  food,  are  consumed 
j^lbe  process  of  nutrition.  The  production  of  the  excretions  is  constant,  being 
^oertain  modifications  in  activity,  which  are  dependent  upon  varying  con- 
em.  AU  of  the  elements  of  excretion  preexist  in  tho  blood,  either  ia 
I  condlcion  in  which  they  are  discharged  or  in  some  slightly -modified  form. 
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EXCBETION, 


Under  the  head  of  excretion,  it  is  proposed  to  oonslder  the  general  properties  imd_ 
competition  of  the  ditfereiit  excrementitious  finids;  but  the  relations  of  the  excreroen 
titioua  matters  themselves  to  the  tissnee  will  be  mure  fully  treated  of  in  oonneotioo  witJ 
nutrition. 

The  arine  is  a  purely  excrementltions  fluid.  The  perspiration  and  the  secretion  of  thi 
axillary  glands  are  excrement itious  fluids^  but  they  contain  a  certain  amount  of  the  secro 
tion  of  the  sebaceous  glands.  Certain  excreraentitions  matters  ore  found  in  tJie  bOe,  bat, 
at  the  same  time,  this  fluid  contains  principles  manufactured  in  the  hirer  and  has  an  impoj 
tant  function  as  a  secretion,  in  connection  with  the  process  of  digestion. 


I^ynologicai  Anatomy  of  the  SkirK 

The  sMn  is  one  of  the  most  complex  and  important  structures  in  the  body,  and  it  poi-1 
sesses  a  variety  of  functions.     In  the  first  pliK-e,  it  forms  n  protective  covering  for  this 
general  surface.     It  is  quite  thick  over  the  parts  most  subject  to  pressure  and  friction, 
elastic  over  movable  parts  and  those  liable  to  variations  in  size^  and^  in  many  situation 
is  covered  with  hair,  which  affords  an  additional  protection  to  the  subjacent  structurea 
The  skin  and  itj*  appendages  arc  imperfect  conductors  of  caloric,  are  capable  of  res 
very  considerable  variations  in  temperature,  and  they  thus  tend  to  maintain  the  nc 
standard  of  the  animal  heat.    As  an  organ  of  tactile  sensibility^  the  skin  has  an  important  1 
function,  being  abundantly  supplied  with  Bensitive  nerves,  some  of  which  present  an 
arrangement  peculiarly  adapted  to  the  nice  appreciation  of  external  impressions.     Tim 
skin  assists  in  preserving  the  external  forms  of  the  muscles.     It  also  relieves  the  abmptJ 
projections  and  depressions  of  the  general  surface  and  gives  roundness  and  grace  U>  thai 
contours  of  the  body.     la  some  parts  it  is  very  closely  attached  to  the  subjacent  struct-! 
nres^  while  in  others  it  is  less  adherent  and  is  provided  with  a  layer  of  adipose  tissue. 

As  an  organ  of  excretion,  the  skin  is  very  important ;  and^  although  tlie  quantity  of 
excrexnentitious  matter  exhaled  tVoin  it  is  not  very  great  and  probably  not  subject  to 
much  variation,  the  evaj^oration  of  water  from  the  general  surface  is  always  considerable 
and  is  subject  to  such  modificiitions  as  may  become  necessary  from  the  varied  conditions 
of  the  animal  temperature.  Thus,  while  the  skin  protects  the  body  from  external  influ- 
ences, its  function  is  important  in  regulating  the  heat  produced  as  one  of  the  numerona  — 
phenomena  attendant  upon  the  general  process  of  nutrition.  ■ 

As  the  skin  presents  such  a  variety  of  functions,  its  physiological  anatomy  is  most 
conveniently  considered  in  connection  with  ditferent  divisions  of  the  subject  of  physi* 
ology.  For  example,  under  the  head  of  secretion,  we  have  already  taken  up  the  struct- 
ure of  the  different  varieties  of  sebaceous  glands ;  and  the  anatomy  of  the  skin  us  an  organ 
of  touch  will  be  most  appropriately  considered  in  connection  with  the  nervous  systt*m« 
In  this  connection,  we  shall  describe  the  excreting  organs  found  in  the  skin ;  arid  here  it 
will  be  most  convenient  to  study  briefly  its  general  structure  and  the  most  important 
points  in  the  anatomy  of  the  epidermic  appendages.  A  full  and  connected  description  of 
the  skin  and  its  appendages  belongs  properly  to  works  upon  anatomy. 

Eetent  and  ThiehntM  of  the  Skin, — Sappey  bos  made  a  numher  of  very  car^t 
observations  upon  the  extent  of  the  surface  of  the  skin.  Without  detailing  the  measure-l 
ments  of  different  parts^  it  may  be  stated,  as  the  general  result  of  his  observations,  thai  I 
the  cutaneous  surface  in  a  good-sized  man  is  equal  to  a  little  more  than  sixteen  square  feet  j  j 
nnd^  in  men  of  more  than  ordinary  size,  it  may  extend  to  twcnty-one  or  twenty-twa] 
square  feet.  In  women  of  medium  size,  as  the  mean  result  of  three  observations,  lli«l 
surface  was  found  to  e»iual  about  twelve  square  feet.  When  wo  consider  the  great  extent! 
of  the  cutaneous  surface,  it  is  not  surprising  that  the  amount  of  secretion,  under  certain  ] 
conditions,  should  be  cnormoua.  Indeed,  under  all  circumstances^  tlie  amount  of  elimina- 
tion is  very  considerable,  and  the  skin  is  really  one  of  the  most  important  of  the  oi^ansj 
of  excretion. 
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The  thicknes«  of  the  skin  varies  very  much  in  different  purts.  Where  it  is  exposed 
|<eoostant  pressure  and  friction,  as  on  the  soles  of  the  feet  or  the  pjilina  of  the 
d*,  the  epidennis  becomes  very  much  thickened^  and  in  this  wuy  the  more  delicate 
«tructnre  of  the  true  skin  is  protected.  Jt  is  well  known  tliut  the  development  of  tho 
qildenniSf  under  these  conditions,  varies  in  dltferent  persoDs^  with  tlie  umuiiut  of  presa- 
«r»  ind  friction  to  which  the  surface  is  hohitunlly  subjected.  The  true  skin  is  from  ^ 
to  }  of  «n  inch  in  thickness ;  but  in  cert/iin  parts,  particuhirlj  in  the  external  auditory 
nut^L^^  the  lips,  and  the  glans  penis,  it  frequently  meajsures  not  more  than  -j^  of 
in  boh. 

layers  %f  the  *5Hi».— The  skin  is  natorally  divided  into  two  principal  layers,  which 
miT  be  rea^Hly  separated  from  each  other  by  maceration.  Tliese  are^  the  true  skin  (catis 
vcriu  denuA,  or  corium),  and  the  epidermis,  cuticle,  or  scarfskin.  Tlio  true  skin  is  at- 
Udj^Hl  to  the  subjacent  structiirea,  more  or  less  closely,  by  a  fibrous  structure  called  the 
_«jbc«tjincou3  areolar  tissue,  in  the  meshes  of  which  we  commonly  find  a  certain  quantity 
tissue.  This  layer  is  sometimes  described  under  the  name  of  the  panniciilus  adi- 
The  thickness  of  the  adipose  layer  varies  very  much  in  ditJerent  parts  of  the 
tforfiiee  and  in  ditTerent  persona.  There  is  no  fat  beneath  the  &kin  of  tbe  eyelida, 
•  and  outer  part  of  the  ear,  the  penis,  and  tbe  scrotum.  Beneath  the  skin  of 
\  cranium,  the  nose,  the  neck,  the  dorsum  of  the  hand  and  foot,  the  knee,  and  the 
i  the  fatty  layer  is  Hbout  ^  of  an  inch  in  thickness.  In  other  parts  it  usually 
I  from  I  lo  \  of  an  inch.  In  very  fat  persons  it  may  measure  one  inch  or  more. 
l^poQthe  head  and  the  neck,  in  tbe  human  subjoet,  are  ma^eles  att^chetl  more  or  less 
cloicl*  til  ilie  skin.  These  are  capable  of  moving  the  skin  to  a  slight  extent  Muscles 
uf  this  kind  are  largely  developed  and  quite  extensively  distributed  in  some  of  the  lower 

\  is  no  sharply-defined  line  of  demarcation  between  the  cutis  and  the  subcuta- 
k^ifeolar  tissue ;  and  the  under  surface  of  the  skin  is  always  irregular,  from  the 
►  of  numerous  fibres  wbieh  are  necessarily  divided  in  detaching  it  from  the  sub* 
Iflructures,  The  fibres  which  enter  into  tbe  composition  of  the  skin  become  looser 
iaUwtr  arnmgement  near  its  under  surface,  the  change  taking  place  ratber  abraptly, 
Sttlil  tliey  present  hirge  aveolie,  which  generally  contain  a  certain  amount  of  adipose 

The  layer  called  the  true  skin  is  subdivided  into  a  deep,  reticulated,  or  fibrous  layer, 
iitopcrficiid  portion,  called  the  papillary  layer.  The  epidennis  is  also  divided  into 
^Isverv,  as  follows:  an  external  layer,  called  the  horny  layer;  and  an  internal  layer, 

I  the  Kalpighian,  or  the  mucous  layer,  which  is  in  contact  with  the  papillary  layer 

koorittm. 


TkCorium^  or  True  5l-i«.— The  reticulated  and  the  papilhiry  layer  of  the  true  skin  are 
Cinct,     Tlie  lower  stratum,  the  reticulated  layer,  is  nuich  thicker  than  tlie  pupil- 
'  and  is  dense,  resisting,  ciuite  clastic,  and  slightly  contractile.     It  is  composed  of 
^■awotit  bundles  of  white  fibrous  tissue  interlacing  with  each  other  in  every  direction, 
f  At  acute  angles.     Distributed  throughout  this  layer,  are  found  numerous  anas- 
,  elAfitio  fibres  of  the  small  variety,  and  with  them  a  number  of  non-striated 
•  fibres.     Tliis  portion  of  the  skin  contains,  in  addition,  a  considerable  quantity 
_  ihoijs  matter,  which  serves  to  hold  the  fibres  together.     The  muscular  fibres  are 

Wcttlarly  abnndant  about  the  hair*f<dlicle«  mid  the  sebaceous  glands  connected  with 
J«il.iad  their  nrrangvmont  is  such  that,  when  they  are  excited  to  contraction  by  cold 
r  fclectrieity,  the  follicles  are  drawn  up,  projecting  ujH»n  the  general  surface  and 
^mn^  the  appearimce  known  as  *'  goose-flesh.'*    Contracticm  of  these  fibres  is  par- 
rly  marked  about  the  nif»ple,  producing  tho  so-called  erection  of  this  organ,  and 
t*  tbe  ocrotttm  iind  penis,  wrinkling  the  skin  of  these  parts.     The  peooliar  arrange- 
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toent  of  tbe  little  musdes  around  the  hair-follieks^  forming  little  bunds  attactied  to  the 
surface  of  tlie  true  skin  and  the  base  of  the  folHcles,  explains  fully  tbe  manner  in  wUiclifl 
the  'Vgoose-tlesh  ^*  is  produtxd.     (See  Fig,  lu7,  page  387.)    Contruction  of  iho  skin*  in  ■ 
obtidience  to  the  stimolus  of  electricity^  bas  been  repeatedly  demonstrated,  both  in  the 
living  subject  and  in  executed  criminals  immediately  after  death* 

The  papillaiy  layer  of  tbe  skin  passes  iiisen?^ibly  into  the  subjacent  gtrncture  and 
pre&eiits  no  well-marked  line  of  division.  It  is  compused  chiedy  of  amorj*bous  mat- 
ter like  that  which  exists  in  the  reticulated  layer.  Tbe  papillic  tbemselvea  appear  to 
be  simple  elevations  of  this  amorpljous  matter,  although  they  may  contain  a  few  fibres. 
In  thif^  layer^  wo  find  a  number  of  fibro-plastic  nuclei,  with  a  few  little  corpascular  bodiea 
called  by  Robin,  oytoblastions. 

Ab  regards  their  form,  the  papill®  may  be  divided  into  two  varieties ;  the  simple  aiid 
the  compound.  The  simple  papi]l»  ore  conical,  roundedj  or  club-sliiiped  elevations  of 
tlie  amorphoufl  matter  and  are  irregularly  diBtribated  on  the  general  surface.  The 
smallest  are  from  ^^  to  ^^  of  an  inch  in  length  and  are  found  chiefly  upon  tbe  face. 
The  largest  are  on  the  palms  of  the  bands,  the  soles  of  t!ie  feet,  and  tfie  nipple.  These 
measure  from  ^^  to  ^J^  of  an  inch.  Large  popiU^e,  regularly  an^anged  in  a  longttudinAl 
direction,  are  found  beneath  the  miils.  The  regular,  curved  lines  observed  upon  th# 
palms  of  the  hands  and  tbe  soles  of  the  feet,  particularly  the  palmar  surfaces  of  the  la^l 
phalanges,  are  formed  by  double  rows  of  compound  papilla?,  which  present  two,  thrc«| 
or  four  points  attached  to  a  single  base.  In  the  centre  of  each  of  these  double  rowa  of 
papillfiD,  h  an  excessively  fine  and  shallow  groove,  in  which  are  found  the  orifices  of  the 
sudoriferous  ducts. 

The  papillm  are  abundantly  supplied  with  blood-yeeadSf  terminating  in  looped  capll 
lary  plexuses,  and  with  nerves.  The  tx*rraination  of  the  nerves  is  peculiar  and  will  bu  fttUj- 
described  in  connection  with  the  organs  of  toucli.  The  arrangement  of  the  lymphmtics^ 
which  are  very  numerous  in  the  skin,  has  already  been  indicated  in  tbe  general  deaorip- 
tion  of  tbe  lymphatic  system. 


I 
I 


The  EpidtrmU  and  iU  Appenda^e$. — The  epidermis,  or  external  layer  of  the  skin, ' 
a  membrane  composed  exclusively  of  cells,  containing  neither  blood-vessels,  nervea,  noij 
lymphatics.     Its  external  surface  is  mai'ked  by  exceedingly  shallow  grooves,  which  cor^l 
respond  to  the  deep  furrows  between  the  papilla?  of  the  derma.     Ita  intemaJ  surface  ia  \ 
applied  directly   to  the    papillary  layer  of   the  true   skin  and   follows   closely  all  it*  | 
inequalities.     This  portion  of  the  skin  is  subdivided  into  two  tolerably -distinct  layers* 
The  internal  layer  is  called  the  rete  mncosum,  or  the  Malpighian  layer,  and  the  extcmal 
is  called  the  horny  layer.    These  two  layers  present  certain  important  distinctive  chaf- 
acters. 

Tlie  Malpighian  layer  is  composed  of  a  single  stratum  of  prismoidal,  nucleated  06ll% 
containing  a  certain  amount  of  pigmentary  matter  (melanine),  which  are  applied  direcllj 
to  all  the  inequalities  of  the  derma,  and  of  a  number  of  layers  of  rounded  cells  containing 
no  pigment     The  upper  layers  of  cells,  with  the  scales  of  the  homy  layer,  are  semiinuia- 
parent  and  nearly  colorless ;  and  it  is  the  pigmentary  layer  chiufiy  which  gives  to  the] 
skin  its  characteristio  color  and  the  peculiarities  in  the  complexion  of  difiTerent  racee  \ 
of  different  individuals.     In  the  negro,  this  layer  is  nearly  black  j  and,  when  the  epi4er-| 
mis  is  removed,  the  true  skin  does  not  present  any  marked  difference  from  the  akin  of  j 
the  white  race.     All  the  epidermic  cells  are  somewhat  colored  in  the  dark  races,  but  the  [ 
upper  layers  contain  no  pigmentary  granules.    The  cells  of  the  pigmentary  layer  are  firom  j 
Winr  ^^  tAit  ^^  »"  »"<^^»  »f»  len;ith  and  from  j^  to  ^^  of  an  inch  in  their  abort  dianie* 
ter.    The  rounded  cella  in  the  tipper  hm^rs  are  from  ^Vrr  to  ^Virw  ^^  ^^  ^^^^  ^^  diameter,  j 
The  absolute  thickness  of  tbe  rete  mucosum  is  from  y,^  to  ^  of  an  inch. 

The  homy  layer  ia  com|K)sed  of  numerous  strata  of  hard,  flattened  cells^  irrcgnlarly 
polygona!  in  shape,  generally  without  nuclei,  and  measuring  from  ^^  to  yfg  of  an  inch  ^ 
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in  4Umit/t$t*    The  deeper  oella  are  thicker  and  more  rounded  than  those  of  the  Baper- 

The  epiderinb  serves  as  a  protectloti  to  tlie  more  delicuto  structure  of  the  true  skin^ 
■od  its  ihkksea^  is  proportionate  to  tlio  exposur^e  of  the  ditfereiit  parts.  It  is  cotise- 
qnmtl?  much  thicker  up>oii  the  soles  of  the  feet  and  the  pahus  of  the  hands  than  in  other 
porttcmdof  the  general  ^arfucts  and  its  thickness  iaverj  mnch  inereused  in  those  who 
art  bAtricuillj  engaged  in  mtinnal  labor.  Upon  the  fuce^  the  e^'elids^  and  in  the  exter- 
mAuditorj  passages^  the  epidermis  Is  tno^t  delicate^  measuring  from  ^^^  to  j^  of  an 
htcknesa.  Upon  the  jialui  it  is  from  ^  to  ^^  of  an  incli  thiok^  and  upon  the  sole 
it  measares  from  -f^  to  ^  of  an  inch.  These  variations  In  thickness  depend 
«ly  upon  the  dovelopraent  of  the  hornv  layer.    The  thickness  of  the  rete  mncosnm^ 

I  it  preaeots  considerable  variation  in  different  parts,  is  rathtr  more  uniform. 
Tllire  b  ooiiatantljr  more  or  less  dest]uainatJon  of  the  epidermis,  particularly  of  the 
f  lifer,  and  the  cells  are  regenerated  by  a  Idastemn  exuded  from  the  isubjacent  vas- 
OllC  ptftflL    It  is  probable  tl»at  there  is  a  constant  formation  of  cells  in  the  deeper  titratq 
OTTty  layer,  which  become  flattened  as  they  near  the  siirfiice ;  hut  there  is  no  direct 
at  the  cells  of  the  rete  raucosom  undergo  transtbrmatiou  luto  the  hard,  flat- 
Df  the  horny  layer. 
utl  Anatomy/  of  the  KniU  and  ffaira, — It  is  unnecessary,  in  this  connee- 
Co  diacnas  very  minutely  the  anatomy  of  the  nails  and  hairs.     They  are  ordi- 
regarded  aa  appendages  of  the  epidermis,  prothiced  by  certain  peculiar  organs 
to  the  true  skin ;  and  an  eUibornte  study  of  these  parta  belongs  strictly  to 
iha  and  general  anatomy,     To  complete,  however,  the  physiological  hbtory  of 
,  it  will  be  necessary  to  consider  briefly  the  general  arrangement  of  the  cuticular 

are  situated  on  the  dorsal  surfaces  of  the  distal  phalanges  of  the  Angers  and 

Tbcy  »erve  to  protect  these  parts,  and,  in  the  fingers^  they  are  quite  important  in 

nhension.    The  general  appearance  of  the  nails  is  so  familiar  that  it  requires  no  special 

iplloit     In  their  study,  anatomists  have  distinguished  a  root,  a  body,  and  a  free 


i4  t^ 
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-  •  ^  '  '  ♦* ^*  '>^  ♦'"•  iiU ;  2,«ttctk>ii  of  ibl*  foR  turned  bock  to  »bi»w  tho  mot 

^rar(iic«  of  the  dhU  :  1,  tiofder  of  the  root :  'i,  lonuta  and 
T  the  nail:  1,  2,  ti^piijc^rtnld ;  8,  raperflclal  hv^r  of  the 

»»♦, vi  .    -.    ,   .«-   ^lan  ;  7, 11,  tM»d  of  ito  aail;  8,  IfAlptgtiliUi  bwror  of  the 

km  on  the  donml  sun^cc  of  the  flugcr;  1%  true  skiii  of  the  palp  of  the'fliifer  ; 


X\im  rnot  of  the  nail  k  thin  and  soft,  terminating  in  rather  a  jagged  edge,  which  i^ 
']y  upward  and  is  received  into  a  foM  of  the  skin  extending  around  the  nail 
l^e.     The  length  of  the  root  of  course  varies  with  the  size  of  the  nail,  hut  it 
l^Deraily  from  one-fourth  to  one-third  of  the  length  of  the  body. 

t  body  of  the  nail  extends  frum  tbe  fold  of  skin  which  covers  the  root  to  the  free 

This  portion  of  the  nail,  with  the  root,  is  closely  atlherent  by  its  under  surface 

I  troe  skin.    It  is  marked  by  fine  but  distinct  longitudinal  striae  and  very  faint 
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troDSFcrso  lines.  It  ia  usually  reddish  in  color,  from  the  great  vasoularitj'  of  the  sahjn 
cent  structure.  At  the  pofiterior  pftrt,  is  a  whitish  portion  of  a  serailimar  shape,  callt^ 
the  loDula,  which  has  this  appcartuice  simply  from  the  fact  that  the  corium  in  this  part  i 
less  Viiseiilar  and  the  papillas  are  not  so  regular  as  in  the  rest  of  the  body,  TJiat  portJc 
of  the  Bkin  situated  beneath  the  root  and  the  body  of  the  nail  is  called  the  luatrix. 
presents  highly  vascular  papilJse,  arranged  in  regnlar,  longitudinal  rows,  and  it  receive 
into  its  grooves  corresponding  ridges  on  the  under  surface  of  the  naiL 

Tlie  free  border  of  the  nail  begltis  ul  the  point  where  the  nail  becomes  detached  from 
the  skin.  This  is  generally  cut  or  worn  away  and  is  eoDStiintly  growing;  btit^  if  left  to 
itself,  it  attains  in  time  a  dednite  length,  which  may  be  stated^  in  general  terms,  to  tf« 
from  an  inch  and  a  half  to  two  inches. 


I» 
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Tin,  10(5.— .^rf Ion  of  £%«  naU,  tic.    {Stippey.) 

-  :  layer  ;  8.  8,4,  4,  aectiou  of  th' 

1- rficlftlli^"er,  fljitTtew.    D,  celt  i 
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Examining  the  nail  in  a  lon^ntndinal  sectioa,  the  horny  layer,  whiclr  is  osoally 
regarded  as  the  trno  nail,  is  found  to  increase  progressively  in  thickness  from  the  root  to 
near  the  free  border.  If  the  nail  be  examined  in  a  transverse  section,  it  will  also  be 
fonnd  much  thicker  in  the  central  portion  than  near  tlie  edge,  and  that  part  which  is 
received  into  tlie  lateral  portions  of  the  fold  becomes  excessively  thin  like  the  Tv^t  of  the 
root.  The  tliiokness  of  the  true  nail  at  the  root  is  from  ^h  to  i^^  of  an  inch  ;  and,  in 
the  tliickest  [>ortion  of  the  body,  it  usually  measnres  from  ^  to  j"^  of  aa  inch.  Th«  nai) 
becomes  somewhat  thinner  at  and  near  the  free  border.       '- 

Se<!tion«  of  the  nails  show  that  they  are  composed  of  two  layers,  which  correspond 
to  the  Malpighian  and  the  homy  layer  of  the  epidermis^  althongh  they  are  mocL  more 


A 
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OF  THE  NAILS. 


nrt.  The  Mnlpighijin  tnycr  I»  np{>liocI  directly  t<»  Ujo  ritlges  of  tiio  bed  of  the  nail 
I  present*!  i)|K:ui  it«  mtpcr  t*iirfiico  ridgef*  tmioh  less  8troiig:ly  iimrketl  tiiaii  tho^^i?  of  thu 
tricing  true  skin.  This  layer  is  rather  tli inner  than  the  hurny  luyer,  is  whitlish  in 
ir,  ftiiij  la  coiii|Mi8ed  uf  iiuuicrou»  blnxia  of  cloiij^'AtiHl,  pri^ruoidul,  oucleatod  cellss 
i  I«erpcndictiliir]y  to  the  matrix*  These  cells  uro  from  ^^^^  to  y^^^  of  Ao  inch  in 
[111. 
^The  horny  layer,  which  constitutcij  the  true  nail,  i^  upplied  by  its  under  ^irface 
f  lUm  Mai  pi  ghi  an  lay  43  r.  It  is  dt^Dse  and  hrittlo  and  i8  cnrnpoijiHJ  of 
[oncd  cell^,  which  cannot  be  isolated  without  Hw  use  of  rengcnts* 
ffi'fvut  strrttu  uf  this  portion  of  the  nail  be  i*tu«lied  ul^er  boilinir  in  a  dJUito  mjIu- 
»♦]»  or  puto^hf  it  becomifs  evident  that  here,  as  in  the  horny  hiyer  of  vhe  epider- 
i,  tbo  loircf  celU  arc  somewhat  ri>uuded,  while  those  nearer  the  sarfaee  are  tlattt^ned. 
i  cAh  iirw  nearly  ail  nucleuled  und  meiti^nre  from  j^qt^  *f'  titt  ^^  '^^  ^^^'^  ^^  diame- 
Th«  thickness  of  this  hiyur  varies  in  ditferent  portions  of  the  nail,  while  that  of 
pticldan  layer  is  nearly  aniform.  This  layer  is  constantly  growing,  and  it  cousti- 
I  entire  substance  of  the  free  bordcrj*  of  the  nails. 

onaeclions  of  the  nails  with  the  trne  s^kin  resiemble  those  of  the  e[»idermi8;  but 
k»ns  of  tliese  atnictures  t<»  the  epidermis  itself  are  somewhat  peeuliur.  Up  to 
I  lutmth  of  foetal  lite,  the  epidermis  covering  the  dorsal  Hurfaix^s  of  the  last 
of  the  fingers  and  toes  does  not  present  any  marked  peculiarities ;  but,  at 
Out  the  fourtli  niontli,  this  peenliar  hard  cclla  of  the  horny  layer  of  the  nails  make 
carance  between  the  Malpigliian  and  the  horny  layer  of  the  epidermis,  and  at 
[time  the  Malpighian  layer  beneatli  tiiia  plate,  whieh  is  de.^tined  to  become  the 
In  layer  of  the  nntls,  la  Bomewhat  thickcuoO,  and  the  cells  assume  more  of  no 
[  fonn.  The  horny  layer  of  the  nails  constantly  thiekenK  from  this  time;  but, 
i  t"htf  end  of  tlie  fifth  month,  it  is  covered  by  the  horny  layer  of  the  epidermis*  Alter 
►  fifth  month,  the  epidermis  breaks  away  and  disappears  from  the  surface;  and,  at  the 
^i-ntl  months  the  nails  begin  to  increase  in  len^^'th.  Thus,  at  one  time,  the  nails  are 
ill?  included  between  the  two  layers  of  the  epidermis ;  but,  after  they  have  become 
NoptfcJ,  they  are  simply  covered  at  llieir  roots  by  a  narrow  border  of  the  homy 
ty*r,  the  (Epidermis  commencing  again  under  the  nail  where  the  free  border  leaves  the 
^  The  naiU  arc  therefore  to  be  regarded  as  inodificntions  of  the  horny  layer  of 
L*^^  I??  certain  anatomical  and  chemical  peculiarities.     Tije  Malpighian 

itinuons  with  the  same  layer  of  the  epidermic*,  but  the  homy  lay- 
^iirc,  an  wo  have  seen,  distinct, 

^inouf  the  mo»t  striking  peculiarities  of  the  nails  is  in  tlieir  mode  of  growth,  Tho 
ll|M^nan  layer  is  stationary,  but  the  homy  layer  is  constantly  growing,  if  the  nails  be 
I  the  root  and  bed.  It  is  evident  that  the  nails  grow  from  the  bed,  as  theif 
i  progressively  increases  in  the  body  from  the  nH»t  to  near  the  Iree  border ;  but 
gitudinal  growth  is  by  far  tho  more  rapid.  Indeed,  tlie  nails  are  coufetimtly 
brward,  increasing  in  thickness  as  they  advance.  Near  the  end  of  the  body  of 
>  an  the  horny  layer  becomes  thinner,  the  growth  froni  below  is  diminished, 
^flwfa,  varying  greatly  in  size  and  developmentt  cover  nearly  Qvcry  portion  of  the 
I  surface.  The  only  parts  in  which  they  are  not  found  are  tho  palms  of  the 
i  ufde*  of  the  feet,  the  palmar  surface  of  the  fingers  and  toes,  the  dorsal  surface 
[lla>  iMt  phalanges  of  the  fingers  and  toes,  the  lips,  the  upper  eyelids,  the  lining  of  tho 
t  and  the  glans  perjis.  Some  of  tho  hairs  are  long,  others  are  short  and  stiff,  and 
fine  and  downy,  Tlies©  differences  have  led  to  a  division  of  the  huirs  into 
eticK : 

»t  variety  Includes  the  long,  soft  hairs,  which  are  found  on  the  heail,  on  the 
male,  around  the  genital  organs  and  under  the  arms  in  both  the  male 
_^__    ,7****1  "Tometimes  upon  the  breast  and  over  the  general  surface  of  the  body 
l^eitf^niltiee^  particQlarly  in  the  mido, 
25 
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The  second  varietj,  tho  short,  stiff'  Imirdt  i9  found  at  the  entrance  af  the  n^ 
upon  the  edges  of  the  eyelids,  and  npon  the  eyebrows. 

The  third  variety,  the  short,  soft,  downy  hairs,  arc  found  on  the  general  eorfkce 
not  occupied  hj  the  long  hairs,  and  in  the  cm'uncnla  iaehrymalis.  In  early  life,  find  ordl- 
nitrily  in  the  female  at  all  ages,  the  truak  and  e^itremities  are  covered  with  dovtrnj 
hairs ;  hut,  in  tho  adult  male,  these  frequently  become  doveluped  into  lung,  soft  tiaira. 

The  hairs  are  usually  set  obliquely  in  the  skin  and  take  a  definite  direction  as  they 
lie  upon  the  surface.  Upon  the  bead  and  face^  and,  indeed,  the  entire  surface  of  the 
body,  the  general  course  of  the  haira  may  be  followed  out,  and  they  present  currents 
or  sweeps  that  have  nearly  always  the  same  direction. 

The  diameter  and  length  of  the  hairs  are  exceedingly  variable  in  different  pers*>ns, 
especially  in  thu  long,  soft  hairs  of  the  head  and  beard.  It  may  be  stated  in  gcn^ 
eral  terms  that  the  long  hairs  attain  the  length  of  fmn)  twenty  inches  to  throe  Icet, 
in  womt?n^  and  considerably  less  in  men.  There  are  instances,  liowever,  in  women,  ii 
which  the  hairs  of  the  head  measure  considerably  more  than  three  feet,  but  the^ie  ar« 
quite  unusual  Like  the  nails,  the  hair,  when  left  to  itself,  attains  in  three  or  four  yoort 
a  duflnito  length,  but  when  it  is  habitually  cut  it  grows  constantly.  The  short,  stilf 
hairs  are  from  one  cjuarter  to  onu  half  an  inch  in  lengths  The  soft,  downy  hairi 
measure  ordinarily  from  one-twelfth  to  one-half  an  inch.  Hairs  that  have  never  be^n 
cut  terminate  in  pointed  extremities;  and  sometimes  in  hairs  that  have  been  cut,  thd 
ends  become  stmiewhat  pointed,  althongb  they  are  never  so  sharp  as  in  tli©  new  haira. 

Of  the  long  hairs,  the  finest  are  upon  tbe  head,  where  they  average  about  1)9  <>f 
on  inch  in  diameter,  the  extremes  being  from  j^Vr  ^^  jin  ^^  *^  ^^^h  fur  the  tinest, 
and  from  ^  to  y^J-j  of  an  inch  for  tho  coarsest.  The  hair  is  ordinarily  coaner  in 
women  than  in  men.  Dark  hair  is  generally  coarser  than  ligbt  hair;  and,  upcvn  tho 
eame  head,  tho  extremes  of  variation  are  sometimes  observed.  The  haii^  of  the  hait^l 
and  the  long  hairs  of  the  body  are  coarser  than  tho  hairs  of  the  head.  Wilson  inti- 
mates that  the  average  number  of  luiirs  upon  a  square  inch  of  lht»  ecalp  ia  fibout  ItUUU, 
and  the  number  upon  tho  entire  hertd,  about  120,01)0. 

The  abort,  stiff  hairs  are  from  yj^  to  y^  ^j  of  an  inch  in  diameter,  and  tho  fine,  doit  ny 
Liurs,  from  ^^V^  tf>  t?W  ^^  ^^  mch,  Tfie  variations  in  the  color  of  the  hairs  in  diffrrrt*! 
races  and  in  dilTeront  individuals  of  the  same  race  are  sufficiently  familiar. 

When  the  hairs  are  in  a  perfectly  normal  condition,  they  are  very  elastic  and  may  b» 
stretched  to  from  one-fifth  to  one-third  more  th.*in  tlieir  original  length.  Their  strength 
varies  with  their  thickness,  but  an  ordinary  hair  from  the  head  will  bear  a  weight  of 
six  or  seven  ounces.  A  w^ell-known  property  of  the  hair  is  that  of  becoming  stroogl; 
i'lectrio  by  friction ;  and  this  is  particularly  well-rnarked  when  llic  weather  is  cold  and 
dry.  The  electricity  thus  excited  is  negative.  Sections  of  the  shaft  of  tli©  hairs  show 
that  they  are  oval,  but  their  shape  is  very  variable,  straight  hairs  being  nenrly  roundi 
while  curled  hairs  are  quite  flat.  Another  peculiarity  of  the  hairs  is  that  they  arc 
ftrongly  bygrometric.  Theyreadily  absorb  moisture  and  bocoirie  sensibly  elongated,  I 
property  which  has  been  made  use  of  by  physicista  in  tbe  construction  of  delicate  hj^j 
grometers. 

BooU  of  tht  TTaiT9  and  I/air-foUichji.— The  roots  of  tho  hairs  are  embedded  in  fel 
licnlar  openings  in  the  skin,  which  ditfer  in  the  diti*erent  varieties  only  in  the  depth  U> 
which  they  penetrate  the  cutaneous  structure.  In  the  downy  hairs,  the  roots  pots  only 
into  the  superficial  layers  of  the  true  skin ;  but,  in  the  thicker  hairs,  the  roots  pasi 
through  the  skin  and  penetrate  the  subcutaneous  cellnlo  adipose  tissue, 

Tlio  root  of  the  hair  is  softer,  rounder,  and  a  little  larger  than  tho  shaft.  It  be- 
comes cnlar;:cd  into  a  rounded  bulb  at  the  bottom  of  the  follicle  and  rests  ?ipor»  n  fungi- 
form  papilla,  constricted  at  its  base,  to  whirh  it  is  closely  attached.     In  ^l  tlitf 

connection  between  the  hairs  and  tho  skin,  anatomists  mention  three  memlM  ^ting 

tliG  walls  of  the  hair-follicles,  and  two  membranes  that  envelop  the  roots  of  the  hair  to 


I 


fl9. 107^  //if if  and  A air^/otliel^    ($appcj<) 


owabrftoe  that  fi/mia  the  external  coat  of  the  follicles  is  composed  of  inelastic  fibres., 
•JtiDf<fil  for  the  mort  part  longitudinally,  provided  with  blood-vessels  and  a  few  nerves, 
Witftiiiiiig  Boine  fi bro-plnstic  elements,  but  deprived  entirely  of  elastic  tissue.    Tbia  ij 
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the  thickest  of  the  three  membranes  and  is  closely  connected  with  the  coriam.  Xext  to 
this,  is  a  fibrous  membrane  composed  of  fusiform,  nucleated  fibres  arranged  tranBversely. 
These  resemble  the  non-striated  muscular  fibres.  The  internal  membrane  is  stnictare- 
less  and  corresponds  to  the  amorphous  layer  of  the  true  skin.  The  papilla  at  the  bottom 
of  the  hair-sac  varies  in  size  with  the  size  of  the  hairs  and  is  connected  with  the  fibrons 
layers  of  the  walls  of  the  follicle.  It  is  composed  of  amorphous  matter,  with  a  few 
granules  and  nuclei,  and  it  probably  contains  blood-vessels  and  nerves,  although  these 
are  not  very  distinct. 

Although  the  different  membranes  of  the  hair-follicles  are  sufficiently  recognizable,  it 
is  evident  that  the  hair-sac  is  nothing  more  than  an  inversion  of  the  corinm,  with  some 
slight  modifications  in  the  character  and  arrangement  of  its  anatomical  elements.  The 
fibrons  membranes  correspond  to  the  deeper  layers  of  the  true  skin,  without  the  elastic 
elements,  and  they  present  a  peculiar  arrangement  of  its  inelastic  fibres,  the  external 
fibres  being  longitudinal  and  the  internal  fibres  transverse.  The  structureless  membrane 
corresponds  to  the  upper  layers  of  the  true  skin,  which  are  composed  chiefly  of  amorphous 
matter.    The  hair-papilla  corresponds  to  the  papilla)  on  the  general  surface  of  tlie  corinm. 

The  investment  of  the  root  of  the  hair  presents  two  distinct  layers  called  the  external 
and  internal  root-sheaths.  The  external  root-sheath  is  three  or  four  times  as  thick  as 
the  inner  membrane,  and  it  corresponds  exactly  with  the  Malpighian  layer  of  the  epider- 
mis. This  sheath  is  continuous  with  the  bulb  of  the  hair.  The  internal  root -sheath  is  a 
transparent  membrane,  composed  of  flattened  cells,  mostly  without  nuclei.  This  extends 
from  the  bottom  of  the  hair-follicle  and  covers  the  lower  two-thirds  of  the  root. 

Structure  of  the  Hairs. — The  different  varieties  of  hairs  present  certain  peculiarities 
in  their  anatomy,  but  all  of  them  are  composed  of  a  flbrous  structure  forming  the  great- 
er part  of  their  substance,  covered  by  a  thin  layer,  of  imbricated  cells.  In  the  short, 
stifi'  hairs,  nnd  in  the  long,  white  hairs,  there  is  a  distinct  medullary  substance ;  but  this 
is  wanting  in  the  downy  hairs  and  is  indistinct  in  many  of  the  long,  dark  hairs. 


¥ui.  H*}.—IIiinuin  hair  from  the  head  of  a  tchite 
child  ;  mttgnified  370  diameterit.  (Fnrni  a  ph"to- 
fTRiph  taki'n  at  the  United  States  Armv  Metlical 
Mum-uin.)  This  flirure  shows  the  iuibHcatud  or- 
ran>ronK-nt  of  the  epidermis  of  the  hair. 


Fio.  110.— 7V«n*r^r*e  auction  qf  a  human  hair  from 


the  hearti  of  a  white  adult ;  magnijitd  870  diam- 

etern.    (From  a  tihotof^ph  tak         "     " 

States  Aruiy  Medical  Museum.) 


The  fibrous  substance  is  composed  of  hard,  elongated,  longitudinal  fibres,  which  can- 
not bo  isolated  without  the  aid  of  reagents.  They  may  be  separated,  however,  by  macer- 
ation in  warm  sulphuric  acid,  when  they  present  themselves  in  the  form  of  dark,  irregu- 
lar, spindle-shaped  plates,  from  ^J^  to  |-}y  of  an  inch  long,  and  from  ^^^  to  ,^  of 
an  inch  wide.    These  contain  pigmentary  matter  of  various  shades,  occasional  cavities 


GROWTH  OF  THE  HAIRS. 


inid  with  air,  an4  a  few  nnckl  Tho  pigment  may  be  of  any  color,  from  ft  light  yellow 
to  M  bt^me  black,  and  it  is  iIjib  substauce  that  gives  to  the  huir  the  great  vuriety  ia 
eokir  which  Is  observed  in  different  perMons.  Id  ttie  lower  part  of  the  root  tho  fibres 
ar^  mnrh  i^orter,  and  at  the  bulb  they  become  transformed,  as  it  were,  into  tJie  soft> 
rmaiidcNl  celb  fonnd  In  tliis  situation  covering  the  finpilla. 

ThtT  epidermis  uf  the  liair  is  excessively  thin  4md  is  composed  of  flattened,  ^luadran- 

fyiDt:^  ^ach  other  from  below  upward.     Thet^e  Hcales^  or  plates,  are  with- 

oy  exist  in  a  single  layer  over  the  shaft  of  tlio  hair  and  the  upper  part 

MUi,  In  the  lower  jiart  of  tho  root,  the  cells  are  thicker,  softer^  are  freqnent- 

I .  and  they  esist  in  two  layers. 

Tho  nicdnlla  13  found  in  the  shorty  stiff  hair*,  and  it  h  often  beautifully  distinct  in 

tlMfkm^  white  huirs  of  the  head.     It  oecupies  from  one-fourth  to  one-third  of  the  diam- 

eicfnf  the  hair.     The  medulla  can  be  traced^  under  farorable  oircnm^itfmces,  from  just 

thf^  the  bulb  to  near  tho  pointed  extremity  of  the  hair.     It  is  composed  of  sraall, 

iwindcd  cell*,  from  y^Vif  '^  tAit  ^^  ^'*  ^^^^^  *"  diameter,  nucleated,  and  fretjuently  con- 

:'  liark  granules  uf  piirmentary  matter.     Mixed  witlj  these  cells  are  mmierons  air- 

- ,  and  t'rc*piontly  the  cells  are  interrupted  for  a  short  distance  and  the  space  is 

I  with  air.     The  clark  pranub^s  of  the  medullary  cells  are  supposed  by  Kulliker 

Jcjhnle*^  of  air.     The  medulla  likewise  contains  a  ghitinons  Hind  between  tho  cells 

ind  iiifronndin^  the  air-plohules. 

(irontth  4>/tft£  Hairs, — Althongh  not  provided  with  blood  and  deprived  of  sensihiJity, 

tJi*  hairs  are  connected  with  vascnlar  parts  and  are  nourished  by  imbibition  from  the 

pijitllffi,    Eardi  hair  is  first  developed  in  a  closed  sac,  and  at  about  the  sixth  month  its 

twintwl  Mtremity  perforatej^  the  epidermic.    These  lirst-formed  hairs  are  afterward  shed, 

rnilk*teeth,  being  [njslied  out,  as  it  were,  by  new  hairs  from  beb»w,  which  arise 

I  second  und  n  more  deeply-seated  papilla.    This  shedding  of  the  hairs  usuiilly  takes 

pkw  from  two  to  six  months  after  birth. 

TW  ditrerenee  in  the  color  of  tho  hair  depends  upon  differences  in  tlie  quantity  and 

ir  of  the  pigmentary  matter;  and,  in  old  age,  the  hair  becomea  white  or  gray  from 

*  '^i.iiicliin^  of  the  eort«x  and  medulla. 

Su'iden  !lUnfhing  of  tln^  /T<tir,— It  is  an  interesting  question^  in  connection  with  the 

ft  of  ihe  hair,  to  examine  the  instances  so  often  quoted  of  j»udden  blanching  of  the 

rij  vii>lent  emotions  or  other  cause**.     Some  physiologists  are  of  the  opinion  that 

ir  nmy  het^ome  almost  white  in  the  course  of  a  few  hours,  and  this,  indeed,  is  a 

hnpreH!»ton;    but  others  assume  that  f^uch  sudden  ehanjyes  never  take  place, 

1  it  id  certain  that  tiie  hair  frequently  turns  gray  in  the  courae  of  a  few  weeks, 

'■'".f  tb«j  literature  of  this  snbject,  it  is  difficult  to  find,  in  the  older  works,  well- 

1  cases  of  these  sodden  changes^  and  most  of  those  that  have  been  quoted  are 

lie  loo-ie  unlfiority  of  persons  evidently  not  in  the  habit  of  mnkintr  scimtitio 

Snrh  in*.tfinr€,s^  nnpupported  by  analogous  eases  of  n.  relinblo  character, 

I  as  not  fulfilling  the  rii^id  re(|uirements  demanded  in  scientifio 

I I  do  sources  of  error  should  be  carefully  excluded.  It  is  not 
-y,  I  here  tare,  to  quote  the  instances  of  sudden  blanching  of  the  hair  recorded  by 
lent  wriU'rs,  or  those  well-known  cases  of  later  date,  so  often  detfiiled  in  scien- 

c  vorki,  such  as  that  of  Marie  Antoinette  or  Sir  Thomas  More ;  and  it  seems  proper 
[txelaiJct  also,  cases  in  which  the  blanching  of  the  hair  has  been  observed  only  by 
nil*  or  relatives ;  for  in  most  of  them  the  stitements  with  regard  to  time  are  conflicts 
I  onsatinfaetory. 

Jing  the  subject,  boTyever,  from  a  purely  scientific  point  of  view,  there  .ire  a 

tnee«  i»f  late  date,  in  which  sudden  blanching  of  the  hair  has  been  rdmerved  and 

f  of  this  remarkable  phenomenon  fully  investigated  by  competent  observers; 

fipimost  unneee«sary  to  say  that  a  single  well-authenticated  case  of  this  kind 

(the  possibility  of  its  occurrence  and  is  interesting  in  connection  with  tho 
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reported  instances  whkli  haye  not  been  subjected  to  proper  Inrestigatioii.  One  of  thea 
oasea  is  reported  in  Vire?iatc''g  Arehiv,  for  April,  1866,  by  Dr.  Lnndois.  as  occurring  nude 
the  observation  of  bimself  and  Dr.  Lolimer.  In  this  case^  the  blancliinif  of  ibe  Lair  < 
ourred  in  a  bospital  iu  a  sirijLdy  nigbt,  wbile  tbe  patient  was  under  the  dally  observatiot 
of  the  visniting  physician*  As  this  is  one  of  tbe  few  well- authenticated  instances  of  soddea 
blanching  of  tbe  hair,  we  shall  give,  in  a  few  words,  its  essential  particulars : 

Tike  patient,  a  compositor,  thirty-four  years  of  age,  with  light  hair  and  blue  eye%  l 
admitted  into  the  hospital,  July  U,  1865,  suffering  apparently  from  an  acute  attack 
delirium  tremens.     A  marked  peculiarity  in  the  disease  w\*is  excessive  terror  when  onj 
person  approached  the  patient.      He  slept  l\»r  twelve  hours  on  the  night  of  tbe  litis 
of  July,  after  taking  thirty  drops  of  laudanum.      Up  to  this  time  nothing  unusual  liad^ 
been  observed  with  regard  to  the  bair.     On  the  morning  of  July  12tb,  it  was  evident  i 
the  medical  attendants  and  all  who  saw  tbe  patient  tltat  the  hair  of  tbe  bead  and  bca 
bad  become  gray.    This  fact  was  also  remarked  by  the  friends  who  visited  tbe  patient^^ 
and  he  himself  called  for  a  mirror  and  remarked  the  change  with  intense  astonishment.^ 
Tbe  patient  continued  in  the  hospital  until  September  7th,  when  he  was  discharged,  the 
bair  remaining  gray.     An  interesting  point  connected  with  this  case  is  the  fact  that  the 
bidrs  were  submitted  to  careful  microscopical  exaniination.     The  white  hairs  were  faimdl 
to  contain  a  great  number  of  air-globules  in  the  medulla  and  in  tbe  cortical  substancei 
but  tbe  pigment  was  everywhere  preserved.     Tbe  presence  of  air  gave  the  hairs  a  dark  \ 
appearance  by  transmitted  light  and  a  white  appearance  by  reflected  light,    Br  Landois  | 
quotes,  in  this  connection,  instances  of  blanching  of  tbe  hair,  in  which  each  bair  pre*  i 
sented  alternate  rings  of  a  white  and  a  brown  color.     Another  very  curious  case  of  thitj 
kind  was  lately  rei)orted  to  tbe  Royal  Society  by  Mr.  Erasmus  Wilson.     In  this  case,  th« 
white  portions  presented,  on  microscopical  examination,  great  bubbles  of  air;  bot  tlierfl 
was  no  diminution  in  the  quantity  of  pigmentary  matter. 

The  microscopical  examinations  by  l>r,  Landois  and  others  leave  no  doubt  as  to  tbi 
cause  of  the  white  color  of  the  hair  in  cases  of  sudden  blanching ;  and  the  instances  w« 
have  just  quoted  show  that  the  fact  of  tlio  occurrence  of  this  phenomenon  can  no  longc^ 
be  called  in  question.  All  are  agreed  that  there  is  no  diminution  in  the  pigment,  but  tba 
tbe  greater  part  of  the  medulla  becomes  filled  with  air,  small  globules  being  also  fon 
in  the  cortical  substance.  The  hair  in  these  cases  presents  a  marked  contrast  with  bai* 
that  has  become  gray  gradually  from  old  age,  when  there  is  always  a  loss  of  pigment  in 
tbe  cortex  and  medulla.  How  the  air  finds  its  way  into  tbe  hair  in  sudden  blanching,  ifi 
is  diflicult  to  imagine ;  and  tbe  views  that  have  been  expressed  on  this  subject  by  different 
author:^  are  entirely  theoretical. 

The  tact  that  the  hair  may  become  white  or  gray  in  tbe  course  of  a  few  hours  render 
it  probable  that  many  of  the  cases  reported  upon  unscientific  authority  actually  occurred; 
and  these  have  all  been  supposed  to  be  connected  witli  intense  grief  or  terror.  Tbe  terruf 
wa*«  very  marked  in  the  cftso  reported  by  Dr.  Landois,  In  tbe  great  nHlority  of  recorded 
observation^  the  sudden  blanching  of  the  hair  has  been  apparently  connected  with  in  teasel 
mental  emotion;  but  this  is  all  that  can  bo  s:iid  on  tbe  subject  of  causation,  and  the 
mechanism  of  the  change  is  not  understood. 

Fjw-tf  ofthe  Ufiits. — The  hairs  serve  an  important  purjiose  in  the  protection  of  tin 
general  surface  and  in  guarding  certain  of  tbe  orifices  of  tbe  body.  The  hair  upon  ihl 
bead  and  the  face  protects  from  cold  and  shields  the  bead  from  tlie  rays  of  the  sun  during 
exposure  in  hot  climates.  Although  the  amount  of  bair  upon  tbe  general  surface  is  small, 
as  it  is  a  very  imperfect  conductor  of  caloric,  it  serves  in  a  degree  to  maintain  ibe  be 
of  the  body.  It  also  moderates  the  friction  upon  the  surface,  Tbe  eyebrows  prevent  tbfl 
perspiration  from  running  from  the  forehead  upon  the  lids;  tbe  eyehishes  protect  the 
surface  of  the  conjunctiva  from  dust  and  other  foreign  matters;  tbe  mustache  jiroteci 
the  lungf  from  dust,  a  fiinction  very  important  in  persons  exposed  todnst  in  longjoumevi 
or  in  their  daily  work ;  and  the  short,  stiff  hairs  at  tbe  openings  of  the  cars  and  nose  pr 
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Uot  ihes^  orifices.    It  is  clifficnlt  to  amgn  anj  special  offioe  to  th&  bairs  in  iome  other 
Rtnitioiis,  but  iLcir  general  asc9  are  sufficient] jr  evident. 

Perspiration, 

I  the  fullest  acceptation  of  the  term,  persjjiration  embracea  tbe  entire  fauction  of  the 
fu  Jin  excreting  organ  and  includes  the  exhalation  of  carbonic  acid  as  well  m  of 
I  witerr  vapor  and  or^'anic  matter*  The  office  of  the  skin  as  an  elinrmator  h  imdoubtedly 
nrj  biportant;  but  the  quantity  of  excrementitiouB  matters  with  the  properties  of  which 
j  r^are  well  acquainted^  snch  as  carhonic  acid  and  urea,  thrown  off  from  the  general  sur- 
I  lirn  is  small  as  compared  with  the  amount  exijaled  by  the  lungs  and  dlsrharged  by  the 
[fctlaefs*  If  the  surface  of  the  body  be  covered  with  an  impermeable  coating^  death 
Iwctirsia  a  rerj  short  time;  bnt  the  phenomena  which  precede  the  fatal  result  are  dilfl* 
I  mil  t(/ explain.  All  that  we  can  say  upon  this  point  is  tliat  death  takes  place  when  the 
[bfJit  (if  the  body  has  been  reduced  to  about  70°  Fahr.,  and  that  sup]>ressi<m  <»f  the 
[fjjoclion  of  the  skin  in  this  way  is  always  followed  by  a  depreesiun  of  tht>  animal  tcm- 
||i«rirare.  The  cause  of  death  has  never  been  satisfactorily  explained,  partly  for  the 
I  that  we  are  unacquainted  with  the  nature  and  properties  of  all  the  exorementitioufl 
|iDitt«ir«i  exhaled  frum  the  skin  ;  and  it  is  not  easy  to  understand  why  coating  the  surface 
[he  followed  by  such  a  rapid  ilirainution  in  the  general  temperature.  Tlxe  experi- 
I  ticts,  however,  indicate  that  the  skin  probably  fM^s^sesses  important  functions  with 
!i  wo  are  entirely  unacquainted.  Physiological  chemi.stcj  have  detected  urea  and  some 
otbor  tfifcte  matters  in  the  perspiration,  but  it  is  probable  that  some  volatile  prinoiplea 
Mt  eliminated  by  the  general  snrface,  which  have  thus  far  escaped  observation* 

Sfidartpurous  Olandt, — The  most  numerous  and  the  most  important  glands  of  the 
arc  those  which  secrete  the  sweat.     The  other  glands,  which  have  been  already 
ed,  hare  rather  a  mechanical  function,  serving  to  keep  the  skin  and  it«  append- 
Ffe  a  proper  condition  for  tbe  protection  of  the  subjacent  pturts;  bnt  it  is  the  perspir- 
ifT  ipparatus  chiefly  wfiich  is  concerned  in  the  great  function  of  elimination. 
Wiih  few  exceptions,  every  portion  of  the  skin  is  provided  with  sudoriparous  glands. 
li*j  are  not  found,  hnwevcr,  in  the  skin  covering  the  concave  sarfaoe  of  llie  concha  of 
kr,  the  iclan^  p*'ni%  tbe  inner  lamella  of  the  prepuce,  and,  unless  the  ceruminoQS  glands 
r«led  as  sudoriparous  organs,  in  the  external  auditory  meatus. 
On  examining  the  surface  of  the  skin  with  a  low 
iSfying  power,  esi)ecially  on  the  palms  of  the 
and  the  soles  of  the  feet^  the  oritices  of  the 
dufiferons  duets  may  be  seen  in  the  middle  of  tlie 
piilary  ridges,  forming  a  regular  line  in  the  shal- 
;nc  between  the  two  rows  of  papillnc,     The 
Iways  open  upon  the  surface  obliquely.     If 
E>n  of  the  skin  be  carefully  made  and 
SicToscopically,  the  ducts  are  seen  pass- 
tlirougb    the   ditTerent  layers  and  terminating 
\  rounded,  convoluted  coils  in  tlie  subcutaneous 
These  little,  rounded  or  ovoid  bodies, 
lite  the  sudoriparous,  or  s w eat- pro- 
atua,  may  bt?  seen  attacbed  to  the  un- 
Bee  of  the  skin,  when  it  has  been  removed 
be  «abjacent  parts  by  maceration.     The  per- 
ttory  ii|qiuratus  consists,  indeed,  of  a  simple 
*»prc*4*nting  a  roiled  mas*  beneath  the  skin,  the 
Boriparous  [lortiou,  and  w  tube  of  greater  or  less  length,  in  proportion  to  tlie  tbickneas 
Ith©  cotftneons  layers,  which  is  tbe  excretory  duct,  or  tli<»  sudoriferous  portion. 


Flo,  111. — Sufftift  iif  th^  pnlm  of  fh*  httwt; 
a  ptwtiuH  (if  (hf  9kin  fihofti  t}>nt-hal(f 
ttn  inch  miuare^  muQt*itt*d  4  diafneUr*^ 

1»  I,  t,  J,  opvnlnfin  of  the  audoiirppouji  ducts;  % 
2,  %  1  grOQVe«  bfitweeji  thft  papilke  of  tb« 
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Tlie  glandular  coils  vary  ia  size  from  ^  to  ^^y  of  iin  incb  ;  the  smiillest  coils  being 
found  beneath  tlie  skin  of  the  peni&,  the  scrotum,  the  L'yiilidi!^  the  noKu,  and  the  conrcx 
surface  of  the  concha  of  the  ear,  and  the  hirgest^  on  the  areola  of  the  nipple  and  the  [nm* 
ueum.  Very  hirga  ghmds  are  found  mixed  with  smaller  ones  in  the  axtliii^  but  thc^e 
produce  a  peculiar  secretion  whicJi  wiJl  be  specially  considered.  The  coiled  jjortion  of 
the  tube  in  about  j^  of  an  inch  in  diameter  and  forms  from  six  to  twelve  convolutiona. 
It  consists  of  a  sharply-deSned^  strong,  external  membrane,  from  ^^^  to  yjVff  **f  ^"  "•^'** 
in  thickness,  very  transparent,  uniformly  granular^  and  somctiracs  indistinctly  stnatcd. 
This  is  of  uniform  diameter  tbrouiirhout  the  coil  and  terminates  in  a  very  slightly  dilated, 
rounded,  blind  extremity.  It  i^  tilled  with  epithelium  in  the  form  of  finely  granular  mat- 
ter, usually  not  segmented  into  cells,  and  provided  with  small,  oval  nucleL  The  glandu- 
lar mat*s  is  surrounded  by  a  plexus  of  eapilhiry  blood -vessels,  which  send  a  few  ^nall 
branches  between  the  convolntions  of  the  coil.  Sometimes  the  coll  is  enclosed  lu  a  deli- 
cate tibrous  envelope. 

The  excretory  duct  is  simply  a  continuation  of  the  glandular  coil.  Its  course  through 
the  layers  of  the  true  skin  is  nearly  straight.  It  then  pa&sed  into  the  epidermis  betweon 
the  papiliaa  of  the  coranii,  and  presents^  in  this  layer,  a  number  of  spiral  turns.  Tho 
spirals  vary  in  nuiiiber  according  to  tho  thickness  of  the  epidermis,  Sappey  ha^ 
found  from  six  to  Un  in  the  pahns  of  the  hands  and  from  twelve  to  tit'tcen  in  Uic  solea 
of  tlie  feet.  As  it  eiMerges  from  tlie  gltindular  coil,  the  excretory  durt  is  Komowhat  nar- 
rower than  tho  tube  in  the  secreting  p*>rtian;  but,  as  it  passes  through  the  epidennis  it 
r^  yT^^^^mK^^-tiv^^rf*     ^>>i^  again  becomes  larger.     It  possesses  the  sanje  externnl 

r        '        '^       '       A  ""r    "i      1      niembnme  as  tho  glandular  coil  and  is  lined  generally 
tp  I     by  two  layers  of  colls  of  pavement-epithelium, 

I  In  a  section  of  the  skin  and  the  subcutaneous  tissue, 

involving  several  uf  the  sudoriparous  glands  with  their 
ducts,  It  is  seen  that  the  gland  id  a  r  coils  are  genemlly 
situated  at  ditU'rent  planes  beneath  the  skin,  as  is  indi* 
cated  iu  Fig.  112, 

p4ubin  has  described  a  variety  of  sudonparoUb  glands 
in  tho  axilla,  which  do  not  differ  so  much  from  the 
glands  in  other  parts  in  their  anatomy  as  in  the  charac- 
ter of  their  secretion.  The  euil  in  these  glands  is  inuclt 
larger  than  in  other  [jjirt^,  measuring  from  j'^  to  ^^  of 
J^ifrtSn  ^^  ^'^*-'^*  y  ^^^^  walls  of  the  tube  are  tldcker,  ancl  tUej 
present  an  investment  of  fibrous  tissue  with  an  internal 
layer  of  longitudimd,  uustriped  muscular  fibres;  and, 
finally,  the  tubes  of  the  coil  itself  are  lined  v^ith  eA\» 
of  pavement-epithelium.  They  are  vurj  nuineron*  in 
the  axilla,  forming  a  continuous  layer  beucuth  the  bkin. 
Mixed  with  these,  are  a  few  glands  of  the  ordinary  va- 
riety. 

Estimates  have  been  made  by  different  writers  of 
the  absolute  number  of  sudoriparous  jiilaiidH  hi  the  bo<ly 
and  the  probable  extent  of  the  exhabmt  s-urfacc  of  the 
skin.  One  of  the  most  careful,  and  probalily  the  tnoft 
reliable  of  these  estimates,  is  that  made  by  KraOfw; 
but,  like  all  estimates  of  this  kind,  the  results  arc  Ui 
bo  taken  as  merely  ap[)roximative.  Krauso  found 
great  ditTerences  in  the  numlter  of  perspiratory  open- 
ings in  different  portions  of  the  skin»  and  be  estimated  the  number  in  a  square  inch  tn 
certain  parts  as  fnllows:  On  the  forehead,  he  found  1/258  glands  to  a  stpiarc  inch;  on 
the  cheeks,  548;  on  tho  anterior  and  lateral  portions  of  the  neck,  l,3o3;  on  r!.*'  breast 
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ftnd  sbdoflDOD,  1*1  S6;  on  tbe  back  of  tho  neck,  tbo  back,  and  the  natee,  417;  on  the  fore- 
«rm,  inner  giirfacc,  1,123,  titul  the  outer  siirtaco,  1^)1*3;  an  the  himtl,  |mlnmr  surface, 
2,736.  and  dijr»ai  surface.  1,490 ;  on  tlie  dipper  part  of  the  thiglii  inner  surface,  570»  outer 
tttr^co,  .>54;  on  tho  lower  part  of  tlie  tliigh,  inner  »urfflce,  576;  im  tlie  foot,  phintar 
Snce,  i.6.^1,  and  dor^ial  surlkce,  ti24.  From  these  figures,  it  is  estimated  thut  the 
ire  nnmbcr  of  perspirntory  glands  iii  2^381, *248;  and,  uistinung  thot  each  coil  when 
01  -  r)eu*>ure5  uhoiit  ^^  of  an  inch,  the  entire  leng-th  of  the  secrelin;*:  tubed  is 

*4'  iis.     It  must  he  reriieiuheredi  however,  that  the  lungtb  of  the  secreting  coil 

i«  giveia,  and  that  th<9  excretory  duets  are  not  included* 

MfehanUm  of  the  J^eration  of  Sweat — The  action  of  the  skin  as  a  glandular  organ  ia 
ttwtmuniis  uiid  not  iutaniiittent ;  but,  under  ordinary  cnn<litioD.s  the  sweat  \s>  exhaled 
ft©m  ihe  general  surface  in  the  form  of  vniior.  With  re^'ard  to  tho  nicchanwm  of  its  sepa- 
ration fr*>m  the  blood,  nothin»j  \s  to  be  t^iiid  in  addition  to  the  general  remarks  upon  tho 
wiUJect  01*  sccr^etion  ;  and  it  is  probable  that  the  epithelituti  of  the  secreting  coils  is  the 
active  aijeut  in  the  selection  of  the  peculiar  matters  wliit-h  enter  into  ita  composition. 
There  are  no  example;*  of  the  separutioii  by  glandular  organs  of  vtipor  from  the  blood, 
iivl  the  per^^pirtttioQ  ta  secreted  as  a  liquid,  and  only  bi^comes  vaporous  as  it  is  discharged 
apoti  cite  surface. 

The  mrtuence  of  the  nerv^ous  system  apon  the  secretion  of  sweat  is  remarkable.    It  is 

irell  known,  for  example,  that  an  abundant  production  of  perspiration  is  frequently  tho 

fr*iv\x  of  mental  emotions.    Bernard  has  shown,  in  a  series  of  interesting  experimental,  that 

-  mtlucnee  may  be  propairated  tlirough  the  !*ympnthetic  system.     In  oue  of  these 

%  lie  divided  the  sympathetic  in  the  neck  of  a  liorse,  producing,  a»  a  couse- 

Hfi  »'h?vation  in  temperature  and  nn  iuerease  in  the  arterial  pressure  in  the  part 

1  with  brnnclics  <»f  the  nerve.     He  found,  also,  that  tlie  skin  of  the  part  became 

I  with  a  copious  perspiration.    Upon  galvanizing  the  divided  extremity  of  the  nerve, 

retion  of  sweat  was  arretted.     AVhen  the  skin  is  in  a  normal  condition,  after  exer- 

whenever  there  is  a  tendency  to  elevation  of  the  animal  temperature,  there  is  a 

»n  of  blood  to  the  surface,  accompanied  with  an  increase  in  the  secretion  of 

<  is  the  cii*e  when  the  body  is  exposed  to  a  high  temperature;  \kii\\  it  is  by 

III  the  transpiration  from  the  surface  that  the  imimal  beat  is  maintained  at  tlto 

rnlard. 


"tTitUtf  of  Cutaneotiit  Exhalation,— The  amount  of  cutaneous  exlialation  is  subject 
:;t  variations*  depending  upon  conditions  of  temperature  and  moisture,  exercise,  tho 
iry  iiat]  character  ui  the  ingesta,  etc.  Most  of  tliese  vai'iationa  relate  to  the  func- 
I  the  >*kin  In  regnhi  ting  the  temperature  of  the  body;  and  it  is  probable  that  the 

r>fexeremeMrttious  matters  by  tlie  skin  is  not  stibjert,  under  norma!  condi- 

'     «nrfje  modltications,  although  positive  experiments  upon  this  point  are  want- 

d,  in  this  connection,  to  discuss  all  the  experiments  that  have  been 

'         ,  ,         'fy  rtnd  the  modi  tic  titions  of  the  cutanofins  exhalations,  and  we  shall 

cwnKloronly  what  appear  lo  be  the  most  relinblo  of  the  numerous  recoi-dod  observations 

iitmn  this  sntyect.     The  classical  ex[»eriment8  of  Sanctorins  were  among  the  first  at- 

!  '  lo  detcrm^ine  by  the  balance  the  relations  of  the  ingesta  to  the  exhalations;  but 

'^arily  huperfect,  on  account  of  the  ditlicidty  in  constructing  [>roper  in- 

investigations,  and  the  cutaneous  and  pulmonary  exhalations  were  esti- 

iitM'.     When  there  is  <*iich  a  wide  ranpe  of  variation  in  different  individuals 

imc  pcrs<m  under  ditferent  eondifions  of  season,  climate,  ete.^  it  \s  only  pos- 

iipfiroximatc*  estimates  of  the  rpiautity  of  sweat  secreted  and  exlinled  in  the 

-:  hours;  and  more  recent  observation!^  have  shown  that  tho  calculations  of 

'- '  II  and  Lavoisier,  made  in  1790,  are  very  nearly  correct.    These  observers  estimated 

' '   iiily  (jaanliti'  of  cutaneous  transpiration  at  about  two  pounds  (one  pound  and  four- 
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teen  ounces).  The  estimates  of  Kranse  and  of  Valentin  are  a  little  less,  bat  the  difference 
is  not  considerable. 

Under  violent  and  prolonged  exercise,  the  loss  of  weight  by  exhalation  from  the  skin 
and  lungs  may  become  very  considerable.  It  is  stated  by  Mr.  Maclaren,  the  author  of 
an  excellent  work  on  training,  that,  in  one  hour^s  energetic  fencing,  the  loss  by  perspira- 
tion and  respiration,  taking  the  average  of  six  consecutive  days,  was  about  three  poundsi 
or,  accurately,  forty  ounces,  with  a  range  of  variation  of  eight  ounces. 

When  the  body  is  exposed  to  a  very  high  temperature,  the  amount  of  exhalation  from 
the  surface  is  immensely  increased ;  and  it  is  by  this  rapid  evaporation  that  persons  have 
been  able  to  endure  for  several  minutes  a  dry  heat  considerably  exceeding  that  of 
boiling  water.  Dr.  South  wood  Smith  made  some  very  interesting  observations  with 
regard  to  this  point  upon  workmen  employed  about  the  furnaces  of  gas-works  and  exposed 
to  intense  heat ;  and  he  found  that,  in  an  hour,  the  loss  of  weight  amounted  to  from  two 
to  four  pounds,  this  being  chiefly  by  exhalation  of  watery  vapor  from  the  skin.  In  such 
instances,  the  loss  of  water  by  transpiration  is  supplied  constantly  by  the  ingestion  of 
large  quantities  of  liquid. 

Properties  and  CompoBition  of  the  Sweat, — A  very  complete  and  satisfactory  analysis 
of  the  sweat  was  made  by  Favre,  in  1853.  After  taking  every  precaution  to  obtain  the 
secretion  in  a  perfectly  pure  state,  he  collected  a  very  large  quantity,  nearly  thirty  pints 
(fourteen  litres),  the  result  of  six  transpirations  from  one  person,  which  he  assumiHl  to 
represent  about  the  average  in  composition.  The  liquid  was  perfectly  limpid,  colorless, 
and  of  a  feeble  but  characteristic  odor.  Almost  all  observers  have  found  the  reaction  of 
the  sweat  to  be  acid ;  but  it  readily  becomes  alkaline  on  being  subjected  to  evaporation, 
showing  that  it  contains  some  of  the  volatile  acids.  In  the  experiments  of  Favre,  it  was 
found  that  the  fluid  collected  during  the  first  half-hour  of  the  observation  was  acid,  during 
the  second  half-hour  it  was  neutral  or  feebly  alkaline,  and  during  the  third  half-hour,  con- 
stantly alkaline.  The  specific  gravity  of  the  sweat  is  from  1003  to  1004.  The  following 
is  the  composition  of  the  fluid  collected  by  Favre : 

Composition  of  the  Siceat. 

Water 995-6t8 

Urea 0043 

Fatty  matters 0014 

Alkaline  lactates 0-317 

Alkaline  sudorates ».  1*562 

Chloride  of  sodium, 


Chloride  of  potassium, 
Alkaline  sulphates, 


2-230 

0-244 

soluble  in  water 0*012 

Alkaline  phosphates,      j    a  trace. 

Alkaline  albuminates,  J   0*00.5 

Alkaline  earthy  phosphates  (soluble  in  acidulated  water) a  trace. 

Epidermic  debris  (insoluble) a  trace. 


1,000-000 


Wo  have  already  alluded  to  the  functions  of  the  skin  as  a  respiratory  organ  and  its 
office  in  reirulating  the  temperature  of  the  body  by  the  evaporation  of  what  is  known  as 
the  insensible  perspiration ;  but  the  composition  of  the  sweat  indicates  clearly  that  the  skin 
is  an  important  organ  of  excretion.  Urea  is  now  known  to  he  a  constant  constituent  of 
the  sweat,  and  the  compounds  of  sudoric  acid  are  i)rohably  oxcrementitious  in  their  char- 
acter, althouj,'li  they  have  not  yet  been  detected  in  tlie  blood  or  in  any  of  the  tissues. 
The  (juantity  of  urea,  under  ordinary  conditions,  is  not  large;  but  it  is  well  known  that  its 
proportion  in  the  sweat  is  very  much  increased  when  there  is  deficient  eUmination  by  the 
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The  sutloric  add,  obtained  by  decomposition  of  the  sudorates  of  aocla  and  of 
,  is  A  iiitrogenizt^d  suUstnnce,  with  a  furiiiuhi»  nccorJing  to  Favre,  who  first  de- 
•otiMl  It,  of  Ciil{«Oii  N.  The  nature  of  tho  volatilt;  acid  hua  not  yet  been  detennincd. 
Thm  fbttj-  matters  are  probably  produced  by  tho  sobaoeoos  glanda^  and  the  ordinary 
iiltroigeuued  nmtters  are  derived  from  tlie  epidermic  scales.  With  regard  to  t!io  in- 
mas^  con*tituents,  there  Is  no  great  interest  attached  to  any  hot  the  chloride  of  sodium, 
<^  iu  a  proportion  many  times  greater  tlian  that  of  all  tho  other  inorganic  mat* 

iV  -rat  in  Certain  ParU. — In  the  iixilla,  the  inguino-st  potal  region 

iiio-vuivar  region  in  tlie  female^  and  between  the  toes,  tJie  sweat 

liar  odur,  more  or  lea3  marked,  which,  in  some  persona,  is  excessively 

lime  has  Hihown  tiiat  whenever  the  secretion  had  an  odor  of  this)  Jcind 

itt  rvAOtion  is  dLstinctly  alkaline ;  and  he  is  disposed  to  regard  tt^  peculiar  characters  as 

tiae  %o  a  mixture  of  the  secretion  of  tho  other  IblHcle^  found  in  these  situutiMna^    Some- 

tioMfl  the  sweat  about  tbe  no.so  has  an  alkaline  reaction.     In  the  axillary  region,  tho 

iKTvtion  is  rather  le»s  fluid  than  on  tbe  genera!  surface  and  frequently  htia  a  yellowi&h 

c<ilur,  eo  marked,  sometimes,  as  to  slain  the  clothing.     The  odor  is  probably  due  to  the 

pffMOce  of  volatile^  oilorous  compounds  of  the  f»tty  acids,  like  the  eaproates,  the  vale* 

^ttbeo,  or  the  butvrjih_s:  l)ut  the  presence  i>f  these  principles  has  never  been  accurately 
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The  urine  is  generally  regarded  by  physiologists  as  the  type  of  the  excrementitious 
flfliils  It  having  no  function  to  perform  in  tbe  economy,  but  being  i^imply  relaiiied  in 
tiw  bhiddcr  to  be  voided  at  convenient  intervals.  All  the  remarks,  indeed,  that  hnv^ 
W-n  raaile  concerning  excretion  in  general  may  be  applied  witliout  reserve  to  tho  action 

f  >''  kidneys;  and  there  are  few  aubjecta  in  physiology  of  greater  interest  than  the 
|f,  >.^  of  urinary  excretion,  with  its  relations  to  nutrition  and  disasslDdlation.  In 
'  r/  nii^*  upon  the  study  of  the  functions  of  the  kidneys,  it  will  be  found  useful  to  con- 
^Wtff  certain  points  in  their  anatomy. 

The  kidneys  are  srrametrical  organs,  mtooted  in  tho  lumbar  region  l>eneath  the  peri- 
iMtttum,  inresCed  by  a  proper  fibrous  coat,  and  always  surrounded  by  more  or  less  adipose 
ti^o-  They  usually  extend  from  the  eleventh  or  twelfth  rib  downward  to  near  the 
1 ''f  the  ilium,  and  tbe  rigbt  is  always  a  little  lower  than  the  left.  In  shape,  tbe 
iUiic;  is  very  aptly  compared  to  a  bean;  and  the  concavity,  the  deep,  central  portion 
of  which  is  called  the  hilum,  looks  inward  toward  the  spinal  et»lnmn  The  weight  of 
■aril  kiiltu^y  is  from  four  to  six  imnces,  usually  about  half  an  ounce  less  in  the  iVmalo 
^^  ia  the  male.     The  left  kidney  is  nearly  always  a  little  heavier  than  the  right, 

Octiidc  of  the  proper  coat  of  the  kidney,  is  a  certain  amount  of  fatty  tii«suc  enclosed 
W  a  loo.M?  fibrous  ytructuro,  Tbis  Is  sometimes  called  the  adipose  capsule ;  but  the 
i''"p  r  r<.:il  con5ii?ls  of  a  clr>8e  net-work  of  the  ordinary  white  fibrous  tissue,  interlaced 
niffi  fjuRHTotts  small  fibres  of  tbe  clastic  variety.     This  coat  is  thin  and  sraootli  and  may 

readily  removed  from  tho  surface  of  the  <^rgan.    At  th^  hilum,  it  is  continued  Inward 

line  the  pelvis  of  the  kldnej.  covering  the  caliccs  and  blood* vessels.  This  coat,  how 
^BT,  ii  nut  continued  into  the  substance  of  the  kidney. 

**i  I  vertical  section  of  the  kidney,  it  presents  a  cavity  at  the  hilum,  bounded 

inter]  dilated  origin  of  the  ureter.     This  is  called  the  pelvis.     It  is  lined  by 

*«ii"  which  i»  simply  a  contin nation  of  the  proper  coat  of  tbe  kidney, 

■d  ^»  .V  cylinders,  called  ealices,  into  which  the  apices  of  the  pyramids  are 

»MiM?«d.    Home  of  the  ealices  receive  the  apex  of  a  single  pyramid,  while  others  are 
f,ti.T  r^,...ivc  two  or  three.     The  ealices  unite  into  three  short,  funnel-shaped  tubes, 
I ^^  corresponding  resf>ectively  to  the  superior,  middle,  and  inferior  por^ 
\\>  These  finally  open  into  the  common  cavity,  or  pehis.    The  sub- 
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stance  of  tbe  kidney  ia  comiK>s<Hl  of  two  distinctly -marked  portiong  eolliH]  tljc  cortkal 
substance,  and  tho  medullttry,  or  pyramidal  substance. 

The  cortical  substance  is  reddish  ond  gmm* 
ular,  rather  softer  than  the  pyramidal  snl>* 
stance,  and  is  about  one-Bixth  of  un  incli  in 
-  -  thickness.     This  ocftipiei*  the  eJttcrior  of  the 

Iddney  and  ^amX^  little  prokmgatiims  (coK 
umiis  «>f  Bcrtin)  heiween  the  pyraiiiidg.  The 
surface  of  the  kidney  is  ninrkeil  hy  little  po- 
lygonal divisions^  giving  it  a  lob  u  hi  ted  appear- 
ance. This,  however,  is  simply  due  to  thft 
arrangeiiient  of  the  puperlicml  blood-ve^scl^v 
The  medidhiry  substance  is  arranged  in  the 
form  of  pyramid.s,  sometimes  called  the  pyra- 
midal of  Malpighi,  from  twelve  to  tifle^n  or 
eighteen  in  number,  their  bases  presenting 
toward  the  cortical  substance^  and  their  apicca 
being  received  into  the  calices  at  the  yielvis, 
Ferrein  subdivided  the  pyrnmids  of  Malpighi 
into  smaller  pyramid*  (the  pyramida  of  Fer- 
rein)»  each  furmed  by  about  one  hundred 
tubes  radiating  from  the  openings  at  tlie 
summit  of  the  pyramidn  toward  their  hnses. 
The  tubes  composing  tbctHj  pyramids  were 
supposed  to  pass  into  the  cortical  eubstance^ 
forming  coires^pondiDg  pyrandda  of  couti*- 
T\iiA\»,—  V^fncttittfcfionoftkfkitin*j/.  (Sapp*y.)  luted  tuhcSj  thus  dividing  this  portion  of  the 
iA,%%i^fi  ^Y^A.x,  x>svMn\A.  .^  MiMf^\iJ<^^  kidney  into  lobule.^  raoro  or  lesg  distinct, 
thu  cniir*.*;  (!,♦.  T, i«t>rin  of    The  medullary  substance  is  Hrm^  of  a  dark- 

^*^"^^  '  umer  er  red  color  than  the  cortical  ¥.ub^tance,  and 

18  marked  by  tolerably  distinct  striie,  which  take  a  nearly  straight  court^e  from  the  l>a,«cs 
to  the  apices  or  the  pyramids.  As  these  striie  indicate  the  direetJMn  of  tho  litllv  tubea^ 
that  Cfjnstitute  tne  greatest  part  of  the  medullary  substance,  this*  ii*  &omctiinc»  called  the' 
tubular  portion  of  the  kidney. 

From  the  arrangement  of  the  secreting  portion  of  the  kidneys,  they  arc  claaaod, 
among  the  tubular  glands,  presenting  n  KV^^t^m  of  tubes,  or  caoals,  aome  of  which  ara 
Rupposed  simply  to  carry  off'  the  urine,  while  othct*^  separate  the  excrcmentittoua  i-on- 
atituent.H  of  this  tiuid  from  the  blood.  It  is  dilihcult  to  determine  precisely  where  tiia| 
secreting  tubes  mergei*'into  the  excretory  ducts>»  but  it  is  tho  coiniaon  idea,  which  i§ 
probably  correct,  tliat  t}ie  cortical  substance  is  the  active  portion,  while  the  tubes  of 
the  pyramidal  portion  simply  carry  oflf  tho  excretion. 


1 
I 


Fynnnidai  StthsUince. — Each  pa|>illa,  m  it  projects  int(»  the  pelvis  of  the  kidney,  pn*- 
acnts  from  ten  to  tivciity-five  little  openings,  measuring  from  yj^  to  J^  of  an  inch  in 
diameter.  The  tubes  leading  from  the  pclvi**  iuunediately  divide  at  very  acute  angles, 
generally  dichotoraatously,  until  a  bundle  of  tubes  arises,  as  it  were^  from  each  ujiening. 
These  bundles  eouj^titute  tlio  [pyramids  of  Ferrein.  In  their  course,  the  tubes  arc  slightly 
wavy  and  are  nearly  parallel  with  each  other.  These  are  called  the  straight  tuben  of  \h< 
kidney,  or  the  tubes  of  Bellini.  They  extend  from  the  apices  of  the  pyraniids  to  theii 
baaesand  pass  then  into  the  cortical  substance.  The  iiyrarnids  contain,  in  addition  to 
the  straight  tubes,  a  delicate  tibrous  matrix  and  numerous  blood-vessels ;  which  latter, 
for  the  moat  part,  pasa  beyond  tlie  pyramids,  to  be  *finnlly  distributed  in  the  cortical 
ibstance«    M^^an^^^^MMtjiM^ijfj^y^  shown  that  iome  of  the  convolat 


raYSlOLOGIOAL  ANATOMY  OF  TILE  KIDNEYS. 


3d7 


pyramiUs,  roturnitig  to  the  cortitiol  gubstance  in  tlm  furtn  uf  loops.     Tliia  ar- 
fnl  vrill  be  fallj  «le»oriled  in  connecti<in  with  the  cortical  Aubatance, 

i'  the  pvrmuidttl  substance  are  com|msi!U  of  a  strong,  structureless  baso- 

nt-  ,  lined  with  granular,  nucleated   valh.     According  to  tbc  rcsenrcb^si  of 

uwrtiiwu,  tlio  lubes  measure  t'roni  ^^J^  to  ^^  of  an  inch  in  diameter  at  the  uj*ice^  and 

tbe  ba*c«  of  tbe  pyramids  tbuir  diameter  ia  about  ^^^  of  an  inch.     Tbe  membrau© 

«»f  tiio  tubc«  b  dense  and  resistin^%  and  portions  of  it  witii  the  epitbelial  liuini^^  removed 

'in  L'Hoerttlly  bo  seen  In  mleroacopical  exaiuinutioD!*,  when  the  pyramidal  substance  baa 

imp] J  lacerated  with  needles.    This  membrane  is  from  jzl-^^  to  y^^^  of  an  Inch 

ID  uiicknes?* 

The  ceiU  lining  the  straight  tabes  exist  in  a  single  layer  apjitied  to  the  basement- 
membrane.  They  are  thick,  irregularly  polygouzii  in  Bbape,  and  contain  numerous  albu- 
tniiioid  gmnnles,  They  present  one,  and  occasioDally,  though  rarely,  two  granular  nuclei, 
with  une  or  two  imcleoU.    They  are  very  liable  to  alteration  jmd  are  only  seen  in  the 
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1, 1.  Ifmitof  the  cortlrfil  (njhutonr^'  nnA  hftsc  of  the  lyfTO* 
*  "  "  '  '  '  The  eurftiwortt>« 


kIdtH  V  ;  3.  3.  ;v 


ilH>»:  •».  4.  4.4.5, 
ita  linmcbi'a  (1, 7, 


^^Rnal  condition  ia  a  perfectly  fresh,  healthy  kidney.  Their  diameter  is  abeut  ^i^  of 
*  taich«  The  caliber  of  the  tubes  Is  reduced  hy  the  thickness  of  their  lining  epithe* 
^  (0  ^^  or  j^  of  an  inch. 
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Cortical  Substance. — ^In  the  cortical  portion  of  the  kidney,  are  found  nnmerons  tubes, 
differing  somewhat  from  the  tubes  of  the  pyramidal  portion  in  their  size  and  in  the  char- 
acter of  their  epithelial  lining,  but  presenting  the  most  marked  difference  in  their  direc- 
tion. These  tubes  are  somewhat  larger  than  the  tubes  of  pyramidal  substance  and  are  very 
much  convoluted,  interlacing  with  each  other  inextricably  in  every  direction.  Scattered 
pretty  uniformly  throughout  this  portion  of  the  kidney,  are  rounded  or  ovoid  bodies,  about 
four  times  the  diameter  of  the  convoluted  tubes,  known  as  the  Malpighian  bodies.  At 
one  time  there  was  considerable  difference  of  opinion  with  regard  to  the  relation  of 
these  bodies  to  the  tubes ;  but  the  researches  of  Bowman,  Isaacs,  and  later  anatomists, 

have  established,  without  doubt,  the  fact  that 
they  are  simply  flask-like,  terminal  dilatations 
/p:^  c^\  C'       V    3      fi^^   s         of  the  tubes  themselves. 

M     jm.  m  i  A^T     ^     T  fr^^  As  the  result  of  recent  researches,  the  cor- 

tical portion  of  the  kidney  is  now  regarded  as 
presenting  a  delicate  fibrous  matrix,  which 
forms  a  sort  of  skeleton  for  the  support  of 
the  secreting  portion  with  its  blood-vessels. 
The  tubes  of  this  portion  are  convoluted  and 
somewhat  larger  than  the  straight  tubes,  but 
are  continuous  with  them,  terminating  finally 
in  the  Malpighian  bodies.  The  researches  of 
late  anatomists,  however,  particularly  in  Ger- 
many, have  shown  that  this  simple  view  of 
the  course  and  termination  of  the  tubes  of  the 
cortical  substance  must  be  somewhat  modified; 
although,  as  far  as  the  anatomy  of  the  organ 
has  any  bearing  upon  our  ideas  concerning  the 
mechanism  of  the  secretion  of  urine,  the  views 
of  physiologists  need  undergo  no  material 
change. 

The  tubes  of  the  cortical  substance  present 
considerable  variations  in  size,  and,  instead  of 
a  single  system  continuous  with  the  straight 
tubes  and  terminating  in  the  Malpighian  bod- 
ies, we  can  distinguish  three  well-defined  varie- 
ties: 

1.  The  ordinary  convoluted  tubes,  directly 
connected  with  the  Malpighian  bodies.  2. 
Small  tubes,  continuous  with  the  convoluted 
tubes,  dipping  down  into  the  pyramids  and 
returning  to  the  cortical  portion  in  tlie  form  of 
loops.  3.  Large,  communicating  tubes,  form- 
ing a  plexus  connecting  the  different  varieties 

F.O.  ni.-nia<,rav,matU,  rU,o  of  tU  MalplffMan  ""^  *"''«*  ''"''  '""'^  "*''"  ""^  ^""^^^  '""'  ^« 

^>//t<*$  and  tube»  of  the  kidney.  (Sappty.)         Straight  tubes  of*  the  pyramidal  portion. 

1, 1,2.  straight  tul>«  of  Bellini;  8,  8,8,  other  strulffht  Tjio  rplntion  of  thpRA  tiihpfl  own  hft  rPArlilv 

tui)f.H  oponing  iDto  the  tube  1, 1 ;  4, 4,  4, 4,  4,  Mai-  ^""  Fciauon  oi  iDcse  lUDcs  can  DC  reaouy 
piu'hian  IhxIIus:  .").  5. 5, ».  ft,  convoluted  tui>es;  fi.  understood  by  reference  to  Fig.  115.     In  trac- 

C,  «,  «,  <i,  descend  Injr  portions  of  the  looiK>d  tubes    .  .,|  rxi-Ai.  i.»i- 

ofiienio;  7. 7, 7. 7. 7,  asci'Ddinp.  lanrer  portions  of  mg  out  the  coursc  of  the  tubcs,  which  reccnt 
u;lH!;;^J:?^K^  observations  have  shown  to  be  somewhat  intri- 

cortical  and  of  the  pyramidal  substance.  cate,  it  will  be  fouud  most  Convenient  to  com- 

mence with  a  description  of  the  Malpighian 

bodies  and  to  follow  the  course  of  the  tubes  from  these  bodies  to  their  connections  with 

the  straight  tubes  of  the  pyramidal  substance. 
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MalpifhiaTi  Bodiim, — These  arc  ov^oid  or  rounded  terminal  diktntions  of  the  convo- 
tnhtm,  of  domewbat  variable  size,  measuring  from  ^l^  to  j^^^  of  an  inch  id  diam- 
Thcf  Jiro  composed  of  a  membrane  contiotioos  with  tho  external  merobrano  of 
the  eonvoluttnl  tiib^jH,  of  the  «ime  homogeneous  cbara<!ter,  hnt  somewhat  thicker,  meas- 
Ttr  J  of  an  Imli,  w^iile  the  membrane  of  the  tubes  \s  only  about  ^f.,J^\n  of  an 

5ij  -^*     This  Wic^  which  Is  sometimes  called  the  capsule  of  Maljer,  enelosea  a 

miisof  convoiuted  blood'Ve<-sels  and  is  htied  with  a  layer  of  nucleated  epithelial  cell^. 
In  addition  lo  these  pole^  delicate  cells  lioing  the  capsule,  there  are  other  cells  wldch  are 
applied  lo  tlie  blood-vessels.  These  latter  cells  are  probably  concerned  in  the  elimina- 
tion of  the  solid  eonstltaent«  of  the  urine. 

The  cells  attached  to  the  capsule  of  Mailer  are  smaller  and  more  transparent  than 

t:        ■        :  the  convoluted  tubes.     They  are  ovoid,  nucleated,  and  finely  granular.     The 

(  '^' the  vessel'^,  however,  are  larger  and  more  opaque,  and  they  resemble  the 

-  the  tubes.    They  measure  from  y^^  to  -p^  of  an  incii  in  diameter,  by 

VI  ,  M  inch  in  thickness. 

Tulfot  *>/  the  Cortical  MSuhitanee. — ^FoUowing  out  the  tubes  in  the  cortical  substance 
m  the  Httljiighian  bodies,  we  fiud  first  a  short,  constricted  portion,  which  is  some- 
called  the  neck  of  the  capsule.  The  tube  soon  dilates  to  the  diameter  of  about 
of  an  inch,  when  its  course  becomes  exceedingly  intricate  and  convoluted.  These 
tT»  what  aro  known  as  the  convoluted  tubes  of  the  kidney.  The  membrane  of  these 
tobeii!!  tran^^parent  and  homogeneous,  but  quite  firm  and  resisting.  It  measures  about 
TT^j,  of  an  inch  in  thickoess.  It  is  lined  tliroughout  with  a  single  layer  of  rounded 
r  iLT«t'i^&rly  polygonal  epitholial  cells,  from  ^^^  to  jj^  of  an  inch  in  diameter,  sjome- 
wfwji  bi^er,  conseqoently,  than  the  cells  Uuing  the  straight  tubes.  These  cells  are 
uuflcate'l  and  usually  quite  grantdar.  It  has  been  found  that,  in  many  of  the  lower  orders 
of  aaimaU.  tho  cells  lining  the  neck  of  the  capsule  are  provided  with  vibratile  cilia;  and 
tt  i?  powble  that  they  may  exist  in  man,  although  tlieir  presence  has  never  been  actually 
jicmotoiTAted. 

Ilio  course  of  tho  tubes,  after  they  have  lost  tho  characters  which  were  formerly  snp- 
peculiar  to  the  tubes  of  the  cortical  substance,  and  their  anastomose^  have 
mcli  attention  within  the  last  few  years.  It  lias  been  shown  by  llenle,  and 
fl»«  most  hnportant  poiuti^i  in  his  observations  have  been  confirmed  by  numerous  anato- 
oJ^Kthat  the  convoluted  tube*,  instead  of  connecting  directly  with  the  tubes  of  the 
pynmidttl  substance,  are  continuous  with  a  system  of  smaller  tubes,  which  pass  into  the 
l^nunid*  ID  the  form  of  loops. 

S&rraw  Tuhet  of  fTenU, — According  to  the  most  recent  observations,  the  convoluted 
ttthfch  1.  fitter  a  long  and  tortuous  ramification  in  the  cortical  substance, 

iwari,.  utiniious,  near  tlie  pyramids,  with  tubes  of  much  smaller  diameter, 

hid)  torm  loojKs,  extending  to  a  greater  or  less  depth  into  the  pyraniids.  The  hx»p8 
'Hinil  hy  these  canals  (the  narrow  tubes  of  Henlo)  are  nearly  parallel  with  the  tubes  of 
Bellini  and  are  much  more  numerous  near  the  bases  of  the  pyramids  than  toward  the 
ipiote,  Tho  diameter  of  these  tubes  is  very  variable,  and  they  present  enlargements  at 
frrtgnlar  intervals  in  their  course.  The  narrow  portions  are  about  j-^  of  an  inch  in 
T,  and  the  wude  portions,  about  twice  this  size.  The  narrow  portion  is  lined  by 
«Itfttr  cells  with  xarj  prominent  nuclei.  The  wider  portions  are  lined  by  larger, 
cells.  Near  the  banes  of  the  pyramids,  the  wide  portion  sometimes  fonns  the 
liat,  near  the  apices,  the  loop  is  always  narrow.  Tiie  difierence  in  the  size  of  the 
tpftfeelinm  is  such,  that,  while  th6  diameter  of  tlje  tube  is  variable,  its  caliber  remains 
tmiform.  Tho  membrane  of  these  tubes  is  quite  thick,  thicker,  even,  than  the 
ibrane  of  the  tulies  of  BelliDi, 
f"  3  .,  JfiZv*.— After  the  narrow  tubes  of  Jlenle  have  returned  to  the  cortical 
1  <<>mmonic4ite  with  a  system  of  flattened,  ribbon-shaped  canals,  measuring 

tf'vo  ^  10V9  ^^  ^^  ^<^b  ^  diameter,  with  excessively  thin,  fragile  walls,  lined  by 
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clear  pavement-epitheliam.  These  tabes  take  an  irregular  and  somewhat  angular  conrse 
between  the  true  conToluted  tubes  and  finally  empty  into  the  branches  of  the  straight 
tabes  of  Bellini,  thus  establishing  a  communication  between  the  tubes  coming  from  the 
Malpighian  bodies  and  the  tubes  of  the  pyramidal  substance.  They  are  called  the  inter- 
mediate tubes,  or  the  canals  of  communication.  Some  observers  have  described  them  as 
forming  an  anastomosing  plexus,  but  this  disposition  is  not  definitely  established. 

The  tubes  into  which  the  intermediate  canals  open  join  with  others,  generally  two  by 
two,  and  then  pass  in  a  nearly  straight  direction  into  the  i)yramids,  where  they  continue 
to  unite  with  each  other  in  their  course,  becoming,  consequently,  less  and  less  numcrons, 
until  they  open  at  the  apices  of  the  pyramids  into  the  infundibula  and  the  pelvis  of  the 
kidney. 

Distribution  of  Blood-vessels  in  th€  Kidney, — The  renal  artery,  which  is  quite  volumi- 
nous in  proportion  to  the  size  of  the  kidney,  enters  at  the  hilum  and  divides  into  four 
branches.  By  numerous  smaller  branches  it  then  penetrates  between  the  pyramids  and 
ramifies  in  the  columns  of  cortical  substance  which  occupy  tlie  spaces  between  the  pyra- 
mids (columns  of  Bertin).  Tlie  main  vessels,  which  are  generally  two  in  number,  occupy 
the  centre  of  the  columns  of  Bertin,  sending  off  in  their  course,  at  short  intervals,  regular 
branches  on  either  side,  toward  the  pyramids.  When  these  branches  reach  the  boundary 
of  the  cortical  substance,  they  turn  ui)ward  and  follow  the  periphery  of  the  pyramid  to 
its  base.  Here  the  vessels  form  an  arched,  anastomosing  plexus,  situated  exactly  at  the 
boundary  which  separates  the  rounded  base  of  the  pyramid  from  the  cortical  substance. 
This  plexus  presents  a  convexity  looking  toward  the  cortical  substance,  and  a  concavity, 
toward  the  pyramid.  It  is  so  arranged  that  tlie  interstices  are  just  large  enough  to  admit 
the  collections  of  tubes  that  form  tlie  so-called  pyramids  of  Ferrein. 

From  the  arterial  arcade,  branches  are  given  off  in  two  opposite  directions.  From 
its  concavity,  numerous  small  branches,  measuring  at  first  from  ^shiis  to  tItt  ^^  ^^  i"<'J*  ^^ 
diameter,  pass  downward  toward  the  papilla?,  giving  off  small  ramifications  at  very  acute 
angles  and  becoming  reduced  in  size  to  about  ^  5'^^^  of  an  inch.  Those  vessels — calk-d 
sometimes  tlie  arteriola)  recta? — surround  the  straight  tubes  and  pass  into  capillaries  in 
the  substance  of  the  pyramids  and  at  their  apices. 

From  the  convex  surface  of  the  arterial  arcade,  numerous  branches  are  given  off  at 
nearly  right  angles.  These  pass  into  the  cortical  substance,  breaking  up  into  a  large  num- 
ber of  little  arterial  twigs,  from  j^^jj  to  cJ^  of  an  iu(:h  in  diameter,  each  one  of  which 
penetrates  a  Malpighian  body  at  a  i)oint  opposite  to  the  origin  of  the  convoluted  tube. 
Once  within  the  ca])8ule,  the  arteriole  breaks  uj)  into  from  five  to  eight  branches,  which 
then  divide  diohotomatously  into  vessels  measuring  from  -g-^  to  yjW  of  an  inch  in  diame- 
ter, arranged  in  the  form  of  coils  and  loops,  constituting  a  dense,  rounded  mass  (the 
Malpighian  coil),  filling  the  capsule.  These  vessels  break  up  into  capillaries  without 
anastomoses.  Their  coats  are  amorphous  and  are  provided  witli  numerous  nuclei  rather 
shorter  than  those  found  in  the  general  capillary  system. 

The  blood  is  collected  from  the  vessels  of  the  Midpighian  bodies  by  veins,  sometimes 
one,  and  frequently  three  or  four,  which  pass  out  of  the  cai)sule  and  form  a  second  capil- 
lary plexus  surrounding  the  convoluted  tubes.  When  there  is  but  one  vein,  it  generally 
emerges  from  the  ca])sule  near  the  point  of  i)enetration  of  the  arteriole.  The  walls  of 
the  vein  arc  much  more  fragile  than  tliose  of  the  arteriole,  and,  consequently,  in  ordinary 
microscoi)ical  preparations  of  the  cortical  substance,  the  arteriole  is  left  attached,  while 
the  veins  are  torn  off. 

The  etferent  vessels,  immediately  after  their  emergence  from  the  capsule,  break  up 
into  a  very  fine  and  delicate  ])lexus  of  capillaries,  closely  surrounding  the  convoluted 
tubes.  These  form  a  true  plexus,  the  branches  anastomosing  freely  in  every  direction ; 
and  the  distribution  of  vessels  in  this  part  resembles  essentially  the  vascular  arrangement 
in  most  of  the  glands.     Bowman  has  called  the  branches  which  connect  together  the 


MECHAOTSM  OF  THE  PKODUCTION  OF  URINE, 


401 


mn 


t>f  th9  Ma\[nghhn  tnft  nnd  the  capillary  pkxiia  aurronttding  the  tnhca,  the  portal 
igrfttcm  of  the  itiUueT.  These  intvrinediato  vesjjels  form  a  coarse  plexus  surroundiiig  the 
ftoloilgfttioos  i*r  the  pyramids  of  Ferrein  iuto 
ihs  (^ri$etd  «wh«*tiin<'e, 

t  vein  tjikcs  lU  ong'm 

i'lexus  surroimdiDg  tho 

tuhes*  atid  in  part   from  the  vessola 

in  the  pyramidal  substaDce.     A  few 

bnnotiet  ooiue  from  v<?sseU  ia  the  enTclopes  of 

th%  kldfi^^y,  but  these  are  comparatively  tinim- 

partmi.    Tht*  plexus  surrounding  the  convoluted 

taW«  eiuptU'A  into  venous  radicles,  which  pasa 

lo  U»c  eur£ftee  of  the  kidner,  and  these  present  a 

nnsiWr  4»f  Ktlle  i^roups,  each  converge 

\m  towd  a  cci  I.     This  arrangement 

the  vef«»eU  of  the  fibrous  envelope  of  the 

4  peculiar  stellate  appearance.    Thesic  aro 

nv9  called  th<s  stars  of  Verheyn.     The 

*iioh  form  the  centres  of  these 

irorijrh  the  cortied  substance  to 

the  pyramid^*,  where  they 

lis  plexus  corresponding  to 

plexus  already  described.    The  ves- 

.:-ited  upon  the  straight  tubes  of  the 

dttl  substance  form  a  Jo«>se  plexus  around 

'  it*»^  except  at  the  papillfp,  where  the  net- 

'    r^.    >  much  closer.     They  then  pass  into  the 

j;  ■  ,  ut  U\(i  baizes  of  the  pyrfjmids  to  Join  with 

-v  -  ,i£i-  :rt>in  the  cortical  suhslance.     From  tlijs 

plexttt^  A  riuiiiber  of  larger  trunks  arise  and  pass 

towtrd  the  hiluni  in  the  centre  of  the  inter-])y- 

rvnidal  dubstauee^  enveloped  in  the  same  nheath 

t\[h  the  arteries.     Passing  thus  to  the  pelvis  of 

t^e  kidney,  the  reins  converge  into  from  three 

tafaui  '     inches,  which  unite  to  form  the 

ffni]  fit  vein.     A  preparation  of  all 

Im\v3  shows  that  the  veins 

I  inou!*  than  the  arteries. 

I      t     I'To?*  of  the  kidney  arc  few,  and, 

'  I  ^liiu^^  in  :^iippey,  they  only  exist  in  the  sub- 

itttiec  of  the  orgau^  converging  toward  the  hilnni. 

^'irinthor  does  not  admit  the  existence  of  su- 

:      1 2d  hmpbattcs. 

I'lw  Qenes  are  quite  numerous  and  are  de- 
fi^Ml  frt»m  the  sobr  plexus,  their  filaments  following  the  artery  m  its  distr ibotiott  ift  th« 
kii*rior  of  the  organ  and  ramitVing  upon  the  walk  of  tlie  vessels. 

Mechanhm  of  the  Production  and  I>ucharge  of  Vrine. 

The  >(trikiti(?  pe^^nliarities  which  the  kidney  presents  in  its  structure,  as  compared  with 
^^fintrri  '     Liud  the  fact  of  the  voluntary  discharge  of  its  secretion  at  certain  intervals^ 

^HboQld  :  ]L'ad  to  ft  closer  *tudy  of  the  meclinnisui  of  the  producti«>n  and  discharge 

^^^tbt  XLtiuii  than  we  have  giveti  under  the  general  head  of  the  mecliamsm  of  tlie  formation 
I  20 
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of  the  excretions.    The  run tposition  of  the  urine,  also»  will  be  found  to  be  exceedinitl/ 
complex,  and  its  various  ingrLurK-nts  hear  tJie  closest  relation  to  tlio  processes  ofnutntioi 
and  diKassimilation ;  all  of  which  considerations  render  it  of  the  p*eatc8t  importance  t 
ascertain  the  precise  mode  ot*  its  formation  and  to  study  idl  the  conditiorjs  by  which  tliii 
process  may  be  modified.     In  the  present  stiite  of  our  knowledge,  wo  must  certainly  re- 
gard Ujq  excrementitious  conntituents  of  the  urine  as  lV»nned  es^^entially  in  the  systfrn  ail 
large^  being  nierely  sejiarated  from  the  blood  by  tlio  kidneys  •  and  a  consideration  of  the 
effete  principles  heloiigs  to  the  subject  of  imtrilion.     It  remains  for  us,  then,  in  this  con 
nection,  to  treat,  in  general  terms,  of  the  way  in  which  these  substances  find  their  way- 
into  the  urine. 

The  most  important  constituent  of  the  urine  is  urea,  a  crystallizahle,  nitrogenixed 
substance,  which  Is  discharged  by  tlie  skin  as  well  as  by  the  kidneys.  This  has  long  beta 
recognized  as  an  excrementitious  principle;  l)Ut  the  first  observations  that  gave  any  deti- 
nite  idea  of  the  mechanism  of  its  production  were  made  by  Pr6vost  and  Dumas,  in  1H2K 
At  tbe  time  these  experiments  were  made,  chemists  were  not  able  to  detect  urea  in  tho 
normal  blood;  but  Pr6voat  and  Dumas  extirpated  the  kidneys  from  living  animals  (dt>«^§ 
and  cats),  and  found  an  abundance  of  ui-ea  in  the  blood,  after  cerUiin  symptoms  of  blood 
jjoisoning  hud  been  manifested.  Tlic  first  experiments  were  performed  by  removing  one 
kidney  by  an  incision  in  the  lumbar  re^don,  and,  at  the  end  of  three  or  four  days,  aft*r 
the  animal  had  recovered  from  the  first  operation,  removing  the  other.  After  the  second 
operation^  the  animals  lived  for  from  five  to  nine  days.  For  the  first  two  or  three  days 
there  were  no  symptoms  of  bloud-poisoning.  Watery  disclmrges  from  the  t^tomach  and 
intestinal  canid  occurred  nfter  a  few  days,  and  finally  stupor  and  other  marked  evidences 
of  nervous  disturbance  supervened,  when  the  pre*$ence  t>f  urea  in  the  blood  could  be  easily 
determined.  These  observutions  were  confirmed  imd  extended  by  S^ilas  and  Yamjue* 
lin,  in  1822,  W'ho  presented  to  the  French  Academy  of  Medicine  a  specimen  of  nitrato 
of  urea  extracted  from  the  blood  of  a  dog,  taken  sixty  hours  after  extirpation  of  tb©  kid- 
neys, giving  its  proportion  to  the  weight  of  Itlood  employed.  Since  that  time,  as  the 
processes  for  the  dcterminfltion  of  urea  in  the  animal  fiuids  have  been  improved,  this 
substance  has  been  detected  in  minute  quantity  in  the  normd  blood.  Picnrd  carefully 
estimated  and  compared  the  proportions  of  urea  in  tlte  renal  artery  and  the  renal  vein, 
and  he  found  tliat  the  quantity  in  the  blood  was  diminislied  by  about  one-half  in  its  pa^^ugo 
through  the  kidneys.  Still  later,  urea  has  been  found  by  Wurtz  to  ciist  in  the  lymph 
and  chyle  in  larger  quantity,  even,  than  in  the  blood.  These  facts,  which  hav*  l>e«n 
almost  universally  regarded  as  established,  have  led  physiologists  to  adopt  the  view  that 
the  peculiar  excrementitiouis  principles  found  in  the  urine  are  not  produced  by  the  kid- 
neys,  but  are  formed  in  the  system  by  the  general  process  of  disassimilation,  are  taken  up 
fW>m  the  tissues  by  the  bluod,  either  directly  or  through  the  lymph,  and  are  merely 
separated  from  the  blood  in  the  kidneys;  and  it  has  consequently  been  pretty  geucrally 
assumed  that  nearly,  if  not  all,  the  constituents  of  the  urine  preexist  in  the  circulating 
fluid.  There  is,  indeed,  no  well-defined  principle  in  the  nrine  that  has  not  been  actually 
demonstrated  in  the  blood.  As  an  additional  argument  in  favor  of  this  view  of  ttie 
mechanism  of  urinary  excretion,  it  has  been  ascertained  that,  when  the  kidneys  are 
interrupted  in  their  function,  there  is  a  tendency  to  the  elimination  of  the  excremenlitioui 
principles  of  the  urine  by  the  lungs,  skin,  and  alimentary  canal;  and  that  these  matter* 
nccimiulato  in  the  blood  only  after  this  vicarious  effort  has  failed  to  eflect  their  complete 
discbafgc.  These  ideas  have  seemed  to  be  so  completely  justified  by  facts,  that  they  have 
been  applied  to  the  mechanism  of  excretion  by  other  organs,  such  at*  the  skin  and  the  liver; 
but,  within  a  lew  years,  the  older  ohservutions  with  regard  to  nephrotomizcd  animals 
have  been  discredited.  It  has  been  asserted,  os  the  result  of  experiment,  that  urea  and 
the  urates  do  not  accumulate  in  the  Mood  after  removal  of  the  kidneys,  and  that  this 
only  occurs  when  both  ureters  have  been  lied.  The  experiments  upon  which  this  idea 
is  based  have  been  applied  mainly  to  the  pathology  of  urssmio  intoxication,  but  it  is  oTi- 
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directly  upon  the  meclianism  i>f  excretion.     It  h  not  assuraeJ,  Ijow- 
leoUtiaus  princif^les  are  not  forfned  by  the  clmssimjl»tinn  of  the  tissuoa, 
1b  iwDrttd  that  urea  Mid  the  urates  are  product?tl  in  the  kidneys  by  a  trausfarma- 
tliD  uf  excTfemimtitiiias  matters  which  exist  in  tlie  blood* 

Tbe  orijcintil  eiperiinenta  of  Prevo?it  and  I^umasi  uro  very  slronjr  urpinients  in  favor 
nftlw  view  ilmt  has  been  so  long  alnio^st  uii<iMOHtioned,  viz.,  that  uren  is  simply  separated 
frura  ihtfi  blood  by  the  kidneys ;  but  the  more  recent  observations  of  Bernard  und  Htirres- 
vil  Eubin,  imd  uiany  olbt?rs,  while  they  confirm  the  first  experiments  on  i}ns  subject^ 
tuit©  mJiIed  Terj  eoDhidcrably  to  our  knowledge  of  the  meclmnisnj  of  nneiuic  poi!M>utDg 
'  .^  kidneys.     TIil*  kidneys,  it  h«s  been  founds  can  readily  be  removed 
logs,  cats,  rattbits,  etc)  without  any  great  distnrbance  iminediately 
ih     Jiernurd  und  BarreAvvil  found  that  animals  from  wliich  both 
1 'ved  did  Dot  (isaally  present  any  distinctive  symptoms  for  a  day  or 
lt,  except  that  they  vomited  and  pa^J^ed  an  unusual  quantity  oHiquid  from  the 
,-,..,. .d  onnat    During  this  periotl,  the  blood  never  contained  an  abnormal  quivntily 
ol  nrva;  bnt  the  contents  of  the  stonmch  and  intestine  were  found  to  be  highly  ammo- 
ttiieal.    During  thia  tlme^  also,  the  secrctioni^  from  the  stomach  and  intestines,  partton^ 
Urty  thd  Btomach,  became  continuous,  as  well  as  increased  in  quantity »    Animals  ©per- 
iled ttp-  way  usually  live  for  four  or  five  days,  and  they  then  die  in  coma  follow- 
tOf  vptti.  in^.     Toward  the  end  of  life,  the  secretion  of  gastne  and  intei*tinul  tluida 
beeooitt  arrefttcd^  probably  from  the  irritating  effect.^  (►f  anrmoni;ic;d  decomposition  of 
tMf  ooDtents^  and  then,  and  then  only,  urcii  is  found  to  accumulate  enormously  in  the 

h  b  llioaght  by  Bernard  that  the  hy]>ersecretion  by  the  gastric  and  intestinal  nmcons 

m«mhnifleT  in  nephrotomized  animals,  is  an  effort  on  the  part  of  the  system  to  clinnnaie 

wn»  which  19  decom[»osed  by  contact  with  these  niembran<^  into  carbonate  of  am- 

Wrtwn.    Thi«  view  U  sustained  by  the  fact  that^  when  urea  is  introduced  into  the  alimen- 

:   living  animals,  it  disappears  almost  immediutely  and  is  replaced  by  the  am- 

13,     Consequently,  after  removal  of  the  kidneys,  we  sliould  not  expect  to  find 

M  mcreaied  quantity  of  urea  in  the  blowl  until  its  elimination  by  the  mucous  membrane 

f^  ^''•'  fdimenlary  canal  has  ceased;    but  the  fact  that  it  then  accumulates  in  larifn 

J  cannot  be  doubted. 

iic-^  rL-sdltri  obtained  by  other  experimenters  generally  correspond  with  those  of  Bcr- 

aiH  au'\   Ivsiti  -ivviL     It  has  also  been  ascertained,  as  wa:^  shown  by  Segalaa  and  Van- 

OivHfi  til  It  iirc:i  is  an  active  diuretic  when  injected  in  small  quantity  into  the  veins  of  a 

'"  '  !iv  Jinuial;  and  that,  in  this  case,  it  does  not  produce  any  poisonous  cffeeta.  hot  la 

ii.nii>luf  Iv  eliminated,     But^  when  urea  is  injected  into  the  vascular  system  of  a  ne* 

iiiiicd  animab  it  produces  death  in  a  very  short  time,  with  the  characteristic  symp- 

uriemio  poisoning.     We  have  frequently  removed  both  kidneys  from  dogs,  and, 

•'^"  ibe  operation  is  carefully  performed,  the  animals  live  for  from  three  to  five  days* 

Ifl  Mnw  instances,  they  have  been  known  to  live  for  twelve  days  or  even  longer;  but 

^lli  a"  ■  .'H  place  finally  with  symptoms  of  blooil-poisoning, 

Tk  Jits  which  are  supposed  to  .«*liow  that  urea  and  the  nrates  are  actoally 

f'»ffficd  kn  ibe  kidneys,  to  which  we  have  already  alluded,  were  made  with  the  view  of 
""i^puring  the  offix-tH  id'  removal  of  both  kidney «  with  tho^e  produced  by  tying  the 
nf*UfT\  According  to  these  observations,  the  bloml  contains  much  more  urea  after  the 
^^UTt  are  tied  tban  after  removal  of  the  kidneyj^.  The^e  exj)eriracnta,  which  are  di- 
ri'ttlr  uppo«*d  in  their  results  to  the  well-oonsidered  observations  of  Provost  and  Du- 
«iH  Bomard  and  Rarreswil,  Segal  as,  and  many  others,  cannot  be  accepted,  unless  it 
^>*  ri-rtiiin  that  idl  the  necessary  pliysiologlcal  conditions  have  been  fulfilled.  In  the 
'y  demonstrated,  as  early  as  IH47,  that  urea  does  not  accurau- 
aeJy  alter  removal  of  the  kidneys,  but  that  this  occur*  only 
^*^Mtd  the  end  of  lii^  and  then  nrea  is  found  in  enormous  qaantity.     In  the  second 
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place,  it  19  well  known  thiit  the  operation  of  tying  the  nretera  is  followe<]  bj  an  immense 
pressure  of  nrine  in  the  kidneys,  which  nol  only  disturhs  the  eliminative  action  of  Ihijse 
organs,  but  afieots  most  seriously  the  general  functions.    Since  Uie  influence  of  the  ner- 
vous system  upon  the  secretions  has  het*n  closely  studied,  it  h  evident  that  tlie  pain  and 
disturbance  con.^cfiuent  upon  the  accuixruktion  of  urine  above  the  ligated  ureters  must 
have  an  Importiujt  reticx  action  upon  the  secretions;  and  this  would  probably  inter* 
fere  with  the  vicarious  elimination  of  urea   and   other  excreinentitious   principles  Uy 
the  stomach  and  intestines.     It  is  well  k no wu  to  practical  physicians  that  an  arrest 
of  these  secretions,  in  ca!<^t^s  of  organic  disease  of  the  kidneys,  is  liable  to  be  followed 
immediately  by  evidences  of  urajmia,  and  that  grave  ura^raic  symptoms  are  frequently  ■ 
relieved  by  the  administration  of  remedies  that  act  promptly  and  powerfully  upon  thei 
intestinal  canal.     As  an  additional  evidence  of  the  great  disturbance  of  the  system — aside  i 
from  the  mere  accumulation  of  excrement itious  principles  in  the  Mood — ^which  must 
result  from  tying  tho  ureters,  we  have   the   inteuBc  'distress  and  geucral  proistralion,  j 
always  so  prominent  in  cases  of  nephritic  colic  in  which  there  may  be  merely  temporary] 
obstroction  of  one  ureter. 

From  a  careful  review  of  the  important  facts  bearing  upon  the  question  tmdcr  con- 
sideration^ there  does  not  seem  to  be  any  valid  ground  for  a  cJiango  in  our  ideas  concern- 
ing the  mode  of  elimination  of  urea  and  the  other  important  excrementitious  conslilii«ntal 
of  the  urine.     There  is  every  reason  to  suppose  that  these  principles  are  produced  in] 
the  various  tisduos  and  organs  of  tho  body  during  the  process  of  disasHimilation,  ar 
taken  up  by  the  blood,  and  are  simply  separated  from  tho  blood  by  the  kidneys.     Ther©l 
may  be  unimportant  modifications  of  some  of  these  principles  in  the  kidneys  or  in  lh0l 
urine,  such  as  the  couversion  of  a  certain  amount  of  creatine  into  creatinine,  but  tbegrea&| 
mass  of  excrementltious  matter  is  separated  from  tlie  blood  by  tbe  kidneys  unchanged. 

Extirpation  of  one  kidney  from  a  living  anijual  is  not  neces'^arily  fatal.     ^Ye  have  fre-« 
queutly  performed  this  operation  as  a  class-demonstration,  and  have  kept  the  animal  fori 
weeks  and  months,  without  observing  any  indications  of  disturbance  in  the  eliminntiv4»| 
functions.     If  the  operation  be  cnreftdly  performed,  the  wound  will  generally  heal  with- 
out ditTiciilty,  and  in  most  instunces  the  remaimng  kidney  si-ems  stiificieut  for  the  elimi- 
nation of  urine  for  an  indetinite  period.     In  all  of  our  experimentst,  i-uve  one,  the  oni-l 
maH  killed  long  after  the  wound  had  healc<l,  never  presented  any  marked  t^ymptoms  of] 
retention  of  excrementltious  matters  in  the  blood,     Jt  is  a  noticeable  tact,  however,! 
that  in  many  instances  they  showed  a  marked  change  in  disposition,  and  the  flppetitdl 
became  voracious  and  tin  natural.     These  animals  would  sometimes  eat  fM?ces,  the  tlesbi 
of  dogs,  etc.,  and,  in  short*  presented  certain  of  the  phenomena  so  frequently  nbservcill 
after  extirpation  of  the  spleen.     After  extirpation  of  one  kidney,  it  has  been  observed  I 
that  the  remaining  kidney  increases  in  weight,  although  recent  investigations  show  thall 
this  is  due  mainly  to  an  increase  in  the  amount  of  blood,  lynit)h,  and  urinary  prinoi*! 
pies,  and  not  to  a  new  deTclopmeut  of  renal  tissue.     It  is  reasonable  to  suppose  thai 
Nature  has  provided,  in  the  kidneys,  more  working  substance  than  is  ordinarily  required | 
for  tho  elimination  of  the  excrementltious  eons-tituents  of  the  urine;  and  that»  evcoJ 
when  one  kidney  is  removed,  the  other  is*  competent  to  eliminate  the  jmiount  of  excre-j 
mentitious  matter  that  is  produced,   under  ordinary  conditions  of  the  system.    Th< 
exceptional  experiment  iu  which  the  animal  died  atler  extirpation  of  one  kidney  i«  quite! 
interesting:    Uctobcr  G,    18ii4,   we  removed  one  kidney  from  a  ^mall   cur-dog,  abonlj 
nine  months  old,  by  an  incision  in  the  lumbar  region.     The  animal  did  not  appear! 
to  iuder  from  the  o(»erntion,  and  the  wound  henled  kindly.    The  only  nmrked  elTecli] 
were  great  irritability  of  disposition  and  an  exnggeratcd  and  perverted  appetite,     lie  j 
would  attack  the  other  dogs  in  the  laboratory  witiiout  provocation,  and  'would  eat  with 
avidity,  faeces,  fuitrid  dog's  flesh,  and  articles  which  the  other  animals  would  nut  touch,  J 
and  which  ho  did  not  eat  before  the  operation.     On  tbe  morning  of  November  18thJ 
forty-three  days  after  the  operation,  the  dog  ajipearcd  to  be  uneasy,  cried  frequently,  and 
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it  12  oVlock  went  into  convulsions,  which  continued  tintil  9^  p.  m.,  wLcn  he  died. 
In  uije  other  instiince,  in  wrhicb  a  dog  was  kept  I'or  more  than  a  year  after  extirpa- 
tion ot  obo  kiilne^v,  it  was  occasionally  observed  that  the  animal  was  rather  quiet  and 
uidisposeil  to  inovv  for  a  day  or  two,  but  tliis  always  paissed  off,  and  when  he  was 
killed  he  was  iu»  well  m  before  the  operation* 
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Ihfluenee  of  the  Kerrous  Si/sUm^  Biooff-f^rfmtirf^  etc,^  upon  (he  Sceretion^  qf  Critic, — 
There  are  ntimeroud  instances  in  which  very  iiini'kecl  nnd  sudden  modificationa  in  the 
on  of  the  kidneys  take  place  nnder  tla^  injiucnoo  of  fear^  anxiety,  hysteria,  etc., 
%ben  the  impression  must  have  been  transniittetl  through  the  nervous  sy*itera.  Although 
Itttle  is  known  of  the  final  distribation  of  the  nerves  in  the  kidney,  it  has  been  ascertiiined 
tkal  here,  as  eli^e where,  filaments  from  the  sympathetic  system  ramify  upon  the  walls  of 
khu  blood-vessels,  and  they  are  undoubtedly  capable  of  modifying  the  quantity  nnd  tlie 
^tressore  of  bluod  in  these  organs. 

It  tnay  he  stjvtcd  as  a  general  proposition,  that  an  increase  in  the  pressure  of  blood  in 

inr  reuses  the  tiow  of  urine,  and  that,  when  the  blood -pressure  is  lowered, 

wrine  is  correspondingly  diminished.     This  fact  will  in  a  measure  account  for 

in  the  dow  of  urine  during  digestion ;  but  it  cannot  serve  to  explain  all  of 

,,., rations  tiiat  may  take  place  in  the  action  of  the  kidneys.     The  fact  above 

>:  ik'l,  although  it  lias  been  long  recognized  by  physiologists,  has  lately  been  very  fully 

iiKinrat<»(3  by  the  expenments  of  Bernard,     This  observer  ineastired  the  pressure  of  blood 

in  the  carotid  artery  of  a  dog  and  carefully  noted  the  quantity  of  urine  discharged  in  the 

''"'arn\  ,jf  ji  minute  from  one  of  the  ureters.     Afterward,  by  tying  the  two  crural,  the  two 

'     Hut  find  the  two  carotid  arteries,  he  increased  the  blood -pressure  about  one-half,  and 

of  urine  discharged  in  a  minute  was  immediately  increased  by  a  little  more 

^M  r  cent.     In  another  animal,  he  dirninislied  the  pressure  by  taking  blood  from 

t'it' jagular  rein,  and  the  quantity  of  urine  was  immediately  reduced  about  one-half. 

llii»  liter  observations  on  this  subject  showed  tliat  the  increase  in  the  quantity  of  urine 

produced  by  exaggerated  pressure  of  blood  in  the  kidneys  was  capable  of  being  modified 

:!ir  1  iirh  the  nervous  system.     In  these  experiments,  the  nerves  going  to  one  kidney  were 

K.i^  wbic]i  produced  an  increase  in  the  arterial  pressure  and  a  consequent  exaggera- 

tjty  of  urine  from  the  ureter  on  that  side.    The  pressure  was  then  farther 

[►ping  tlie  nostrils  of  the  nnimaL     The  quantity  of  urine  was  increased  by 

thi»  00  the  side  on  which  the  nerves  had  been  divided,  but  the  pain  nnd  distress  from 

v«atufair  arretted  the  secretion  upon  the  sound  side. 

Tke  precise  inthience  which  j^pecial  nerves  exert  upon  the  secretion  of  urine  has  not 

f  ?ttbeen  positivel}-  ascertained.     Some  important  facts,  however,  bearing  upon  tids  sub- 

jnct  have  been  developed  of  late  years.     In  his  interesting  and  novel  experiments  upon 

J^ete8  in  animals,  Bernard  found  that,  when  irritation  was  apjdied  to  the  floor 

1 1  ventricle,  in  the  median  line,  exactly  in  the  middle  of  the  space  comprised 

^v^^Hdi  the  origin  of  the  pneuraogn?^tric8  and  the  auditory  nerves,  the  urine  was  in- 

• '-  iti'd  iu  quantity  and  became  strongly  saccharine.     When  the  irritation  was  applied  a 

I  .fl*  above  this  point,  the  urine  was  simply  increased  in  quantity,  but  it  contained  no 

li^iiT;  and,  when  the  puncture  was  made  a  little  below,  sugar  appeared  in  the  urine, 

without  any  increase  in  the  quantity  of  the  secretion.     It  has  also  been  observed  that 

^Mm  of  the  spinal  cord  in  the  upper  part  of  the  dorsal  region  arrests,  for  a  time,  tlie 

'<yT.  fion  of  urine* 

111  '  t  of  division  of  all  the  nerves  going  to  the  kidney  is  very  curious.     The 

'^mi'  I  of  destruction  of  these  nerves  is  to  increase  largely  the  amount  of  blood 

•"Jit  tn  Uiv  tiiduey,  the  organ  then  indsattng  like  an  ancurismtd  tumor.  In  experiments 
^imti  this  subject,  by  Mftller  nnd  Pcipers,  the  flow  of  urine  was  sometimes  arrested  by  divi- 
•ioti  of  ihemj  nerves,  Imt  occasionally  it  continued.  In  these  observations,  tlie  nerves 
•we  destroyed  by  applying  a  ligature  tightly  to  the  vessels  as  they  enter  at  the  hilum, 
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inclnding  every  thing  but  the  ureter.  The  ligature  was  then  loosened,  so  as  to  admit  the 
blood,  but  the  nerves  had  been  braised  and  destroyed.  The  secretion  of  urine  continues, 
however,  under  these  circumstances,  for  only  a  few  hours.  It  then  ceases,  and  the  nutri- 
tion of  the  kidney  becomes  profoundly  afiected,  its  tissue  breaking  down  into  a  putrid, 
semifluid  mass,  which  probably  enters  the  blood  and  is  the  cause  of  death. 

The  other  physiological  conditions  that  aflcct  the  urinary  excretion  influence  the  com- 
position of  the  urine  and  the  quantity  of  excrementitious  matters  separated  by  the  kid- 
neys. These  will  be  more  appropriately  considered  under  the  head  of  nutrition  and  dis- 
assimilation.  It  is  suflScient  to  remark,  in  this  connection,  that,  during  digestion,  when 
the  composition  of  the  blood  is  modified  by  the  absorption  of  nutritive  matters,  the  quan- 
tity of  urine  is  usually  increased.  This  is  particularly  marked  when  a  large  amount  of 
liquid  has  been  taken. 

As  the  excrementitious  principles  eliminated  by  the  kidneys  are  being  constantly  pro- 
duced in  the  tissues  by  the  process  of  disassimilution,  the  formation  of  urine  is  constant ; 
presenting,  in  this  regard,  a  marked  contrast  with  the  intermittent  flow  of  most  of  the 
secretions  proper,  as  distinguished  from  the  excretions.  It  was  noted  by  Erichsen,  in  a 
case  of  extroversion  of  the  bladder,  and  it  has  been  farther  shown  by  experiments  upon 
dogs,  that  there  is  an  alternation  in  the  action  of  the  kidneys  upon  the  two  sides.  Ber- 
nard exposed  the  ur^ers  in  a  living  animal  and  fixed  a  small  silver  tube  in  each,  so  that 
the  secretion  from  each  kidney  could  be  reodily  observed ;  and  he  noted  that  a  large 
quantity  of  fluid  was  discharged  from  one  side  for  from  fifteen  to  thirty  minutes,  while 
the  flow  from  the  other  side  was  slight  and  in  some  instances  was  entirely  arrested.  The 
flow  then  commenced  with  activity  upon  the  other  side,  while  the  discharge  from  the 
opposite  ureter  was  diminished  or  arrested.  "We  are  already  familiar  with  this  alterna- 
tion of  action  in  the  parotid  glands. 

Changes  in  the  Composition  of  the  Blood  in  passing  throvgh  the  Kidneys. — Some  of 
the  changes  in  the  blood  in  its  passage  through  the  kidneys  have  already  been  noted. 
The  most  important  of  these  consist  in  a  diminution  in  the  proportion  of  urea,  the  urates, 
and  other  of  the  excrementitious  principles  found  in  the  urine.  This  would  be  expected, 
inasmuch  as  these  principles  are  constantly  present  in  the  urine,  and  they  have  been  shown 
to  be  derived  oxclusivcly  from  the  blood.  It  has  been  ascertained,  also,  that  the  blood 
of  the  renal  veins  contains  loss  water  than  the  blood  of  any  other  j)art  of  the  venous  sys- 
tem. The  constant  separation  of  water  from  the  blood  by  the  kidneys,  for  the  purpose 
of  carrying  off  the  soluble  excrementitious  principles,  is  an  explanation  of  this  fact.  It 
was  also  observed  by  Simon,  a  number  of  years  ago,  that  the  blood  of  the  renal  veins 
does  not  coagulate  readily,  and  that  it  is  impossible  to  obtain  fibrin  from  it  in  the  ordinary  • 
way  l)y  stirring  with  rods. 

Reference  has  already  been  made  to  the  researches  of  Bernord,  showing  that  the 
blood  coming  from  many  of  the  ghmds  during  their  functional  activity  is  but  little  dark- 
er than  arterial  blood.  The  action  of  the  kidneys  is  constant,  and  the  quantity  of  blood 
whi(!h  they  receive  is  enormous.  Unless  the  function  of  these  organs  be  disturbed,  the 
blood  passing  through  them  cannot  bo  deoxygenated,  and  it  is  consequently  red,  contain- 
ing a  large  quantity  of  oxygen  and  a  very  small  proportion  of  carbonic  acid.  Thb  fact 
we  have  often  noted,  and  it  has  been  observed  by  all  who  have  examined  the  renal  veins 
in  living  animals.  In  comparative  analyses  for  gases  of  the  blood  of  the  renal  artery  and 
vein,  Bernard  found,  in  one  examination,  no  carbonic  acid  in  either  specimen,  the  pro- 
portion of  oxygon  being  12  parts  j)er  hundred  in  volume  for  the  artery,  and  10  parts 
for  the  vein.  Tliese  observations  were  made  at  a  temperature  of  from  60®  to  53**  Fahr. 
Making  the  analyses  at  about  the  temperature  of  the  body  (104''  to  118°),  the  quantity 
of  carbonic  acid  was  3  ])arts  for  the  artery  and  3*13  parts  for  the  vein,  and  the  i)ropor- 
tion  of  oxygen  was  19*46  ])arts  for  the  artery  and  17*26  parts  for  the  vein.  TThen  the 
secretion  of  urine  was  arrested  by  irritation  of  the  kidney,  the  blood  became  black  in 
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1^  f^in,  antl  tiip  qunnttty  of  oxjgcn  diminished,  with  a  rorro^pondiag  iocroAso  in  the 
proporttKCi  of  cttrbotitc  acid*  These  observatinns  j^Ijow  tliat  duriog  secretion  must  of  the 
Utunl  r^'HI  tci  tile  kidncjra  is  for  tbt?  purpudi3  of  lurnisliiug  wuter  and  tite  excreniuutitious 
pdneiplcji  of  tb«)  uHue,  and  ttmt  but  little  is  used  for  ordinary  nutrition.  Secretion  up* 
^n  to  havr  no  m/irked  influence  upon  tho  consumption  of  oxygen  and  the  production 
of  enrlninici  acid. 


Anfit4)my  t*f  th^  Urinary  Paua^e$, — ^The  chief  physiological  interest 
1  to  %hv  attftti'tny  of  tbe  nrinarj  pasnagf  9  i^  ronnoetcd  with  the  dischnr^'^i  of  tho 
ifrom  tlic  kidneys  into  tho  bladder,  and  witlt  the  process  of  micturition;  and  it  will 
k' iKiciMMiry*  consequenliy,  to  give  but  a  brief  arcouDt  of  the  structure  of  these  parta. 

Th«  cxrtvtory  duct*  of  the  kidneys  (the  urcturs)  comTnciice  each  by  a  funnel-sbupfcd 
Mil,  III*  pelvK  which  18  applied  to  the  kidney  at  the  hihim.  This  sac  presents  little  tu- 
'  '  Milled  calices,  into  which  the  apjces  of  the  pyramids  are  received.     The 

?»  are  merabranout*  tubca  of  aboat  the  diaraeter  of  a  gooHc*quill,  beconi- 
uu  u.ui  it  J  riiuicil  in  f-nliLicr  as  tliey  penetrate  th<5  coata  of  the  bladder.  They  are  from 
♦t\5'»ji  iu  <. t;u'hteeti  iDrlicH  in  Icnglh,  pa^ining  from  the  kidneys  to  the  bhulder  behind  tho 
Vvrit'juraru,  Tboy  have  three  distinct  coata:  an  external  coat^  composed  of  fibrous  Us- 
,  the  ordinary  white  fibres  mixed  with  elustio  fibres  of  the  small  variety ;  a  middle 
,  ooinpo^d  of  djlferent  layera  of  non-striated  muscular  fibres ;  and  a  mueoua  coat. 
Tbe  i^xl^rnal  coat  rocjuires  no  special  description.  It  \s  prolonged  into  the  calices  and 
looDtinn<»a!S  with  the  fibrous  coat  of  the  kidney  at  tho  a(nee.H  of  the  pyramitla. 

The  di*refli  of  the  muscular  co.it  present  two  principal  layers ;  an  external  longitudi- 
nii  liyer,  ond  an  internal  trtinsverise,  or  circular  layer,  to  which  ii*  abided  near  tlio  blad- 
*i«ribyer  of  lon^tudinal  fibres,  internal  to  the  circular  fibres. 

Hie  mucous  lining  is  thin,  smooth^  and  without  any  follicular  j;lan(]s.     It  h  thrown 
into  lUght  lotiyHtudinal  fold&,  when  the  tube  is  flaccid,  which  are  easily  effacdl  by  diB- 
^tm.    The  epithelium  exi^s  in  several  layers  and  ia  remarkable  for  tho  irregular 
f*  iif  the  cell*.    The.v  present,  usually,  numerous  dark  f;rannlation.s  und  one  or  two 
Bclri  with  distinct  nucleoli.     Some  of  the  cells  are  flattened,  some  are  rounded, 
De  are  caudate,  with  one  or  two  prolongntLou<}. 

im  to  the  base  of  the  Itladder,  the  nroters  become  constricted,  penetrate  tlio  coats 
j|Or^i  obliquely,  tbeir  course  in  ita  walls  being  a  little  less  than  an  inch  in 
This  %\alvubir  opening  allows  tho  free  passiij^^e  of  the  urine  from  the  ureter^  but 
dim  or  distention  of  the  bladder  clones  tho  orifices  and  renders  a  return  of 
Jmfiosftiblo, 
ht  blttilder,  which  serves  as  a  reservoir  for  the  orin©»  varies  in  its  relations  to  the 
dnr  wad  abdominal  organs  as  it  is  eirii>ty  or  more  or  less  distended.     When  perfectly 
y,  it  lies  deeply  in  the  pelvic  cavity  and  is  then  a  small  sac,  of  an  irrcKularly  triau- 
^Jont\>     As  it  becomes  tilleil,  it  assumes  a  globular  or  ovoid  form,  rises  up  in  the 
ivity,  and,  when  excessively  dtHtended,  it  may  project  into  the  abdomen.     When 
is  voided  at  nctrmal  intervals,  the  bladder,  when  filled,  contains  about  a  pint 
rtlqiiid;    hot,  under  pathological  contlitions,  it  may  become  distended  so  as  to  con- 
I  or  twelve  pints,  and,  in  some  instances  of  obstruction,  it  has  been  found  to  con- 
I  even  raowt    The  bladder  is  u^ially  more  capacious  in  the  female  than  in  tho  male. 
t>  by  certain  ligaments  and  folds  of  the  peritoneum,  which  it  is  unneces- 
fi  this  connection,  but  which  are  so  arrunjared  as  to  allow  of  the  various 
itir]  position  which  the  organ  is  liable  to  assumo  under  different  de- 
bt .   'ir. 

1k#  ttuaiomj  of  the  coats  of  tho  l>ladder  possicsses  a  certain  amount  of  [>hysiological  in- 
**Wil»  Thte^o  are  three  in  number.  The  external  coat  is  simply  a  reflection  of  the  peri- 
tOBeom^  eo^eting  tho  posterior  portion  completely » from  the  openings  of  the  ureters  to  the 
nit,  aboat  one-third  of  the  lateral  portion,  and  a  stnall  part  of  the  anterior  portion. 
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The  middle,  or  mnscttlar  ton%  consists  of  fibres  of  the  non-striated  or  involantary 
variety,  arranged  in  three  tolerably  distinct  layers. 

The  external  muscular  layer  i»  composed  of  longitudinal  fibres^  which  arise  from  porta 
adjacent  to  thij  neck,  and  ptiss  anteriorly,  iiosteriorly,  and  laterallj?  over  the  organ,  so 
that  when  they  are  contracted  they  diminish  its  capacity  chiefly  by  shortening  it^  verti* 
Cfll  diameter.     The  ant<?rior  fibres  of  this  layer  arise  from  tbe  body  of  the  pubis  and  thi 
symphysis,  by  tendinous  bands,  known  to  most  anatomists  as  tbe  anterior  hgameni 
These  tendinous  fibres  spread  oat  upon  tbe  prostata  and  are  attached  to  its  anterior  snr 
face.     As  the  tibres  on  tbe  anterior  surface  pass  over  the  summit  of  the  bladder,  they  in 
terhw*e^  aud  some  of  them  are  continuous  with  tbe  tibres  comiug  from  the  pofc>terior  snr 
face.     The  posterior  fibres  arise  from  the  base  of  tbe  prostate,  and,  after  forming  a  dis*"< 
tinct  band  an  inch  or  an  inch  and  a  quarter  in  breadth,  spread  out  upon  the  posterior  sur^ 
face  of  tbe  bladder.     Tho  lateral  fibres  arise  from  the  sides  of  the  prostate  and  spread 
out  upon  tho  lateral  surfaces  of  tbe  bladder.     In  tlie  female^  the  posterior  fibres  flrUe 
from  tbe  dense  fibrous  membrane  between  the  neck  of  the  bladder  and  the  vagina,  an 
the  lateral  fibres,  from  the  perineal  aponeurosis,  the  anterior  fibres  arising  from  the  jnibis, 
as  in  the  male.     The  fibres  of  tbe  external  layer  are  of  a  pinkish  hue,  being  much  more 
highly  colored  ihau  the  other  layers. 

The  middle  muscular  la.vtr  is  formed  of  circular  fibres,  arranged^  on  the  anterior  wir- 
faee  of  the  bladder,  in  distinct  bands  at  right  angles  to  the  superficial  fibres.  They  ar« 
tiiinner  and  less  strongly  marked  on  the  posterior  and  lateral  surfaces, 

Tho  internal  muscular  layer  is  composed  of  excessively  pale  fibres  arranged  in  longi- 
tudinal fasciculi,  the  anterior  and  lateral  bundles  anastomosing  with  each  other  as  Ibey 
descend  toward  the  neck  of  tbe  bladder,  by  obli<jue  bands  of  communication,  and  tbo 
posterior  bundles  interlacing  in  every  direction,  forming  an  irregular  plexus.  Here  they 
are  not  to  bo  distinguished  from  the  fibres  of  the  middle  layer.  This  arrangement  has 
given  to  these  fibre**  the  name  of  the  plexiform  layer,  and  it  gives  to  the  interior  of  Xlm 
bladder  its  reticulated  appearance.  This  layer  is  continuous  with  the  muscular  fibres  u{ 
the  orach  us,  the  ureters,  and  the  u  ret  lira. 

The  sphincter  vesicas  is  cornjiosed  of  a  band  of  smooth  fibres,  about  half  an  inch  in 
breadth  and  one-eighth  of  an  inch  in  thickness,  embracing  the  neck  of  the  bladder  and 
the  posterior  half  of  the  prostatic  portion  of  the  urethra-  Tho  tonic  contraction  of  thcfo 
fibres  prevents  tho  flow  of  iiriue^  and,  during  the  <yaculation  of  the  seminal  fluid,  it  oJierf 
an  obstruction  to  its  passage  into  the  bladder. 

It  is  seen,  from  the  arrangement  of  the  muscnlar  fibres  of  the  bladder,  that  they  are 
capable  by  their  contraction  of  expelling  the  greatest  part  of  the  urine  when  the  sphiao-M 
ter  is  relaxed.  ™ 

Tlie  mucous  membrane  of  the  bladder  is  smooth,  rather  pale,  thick,  and  loosely  id- 
herent  to  tho  submucous  tissue,  except  over  the  corpus  trigonum.  The  epithelium  exist* 
in  several  layers  and  presents  the  same  diversity  in  form  as  that  observed  in  the  peh^s 
of  the  kidney  and  the  ureters;  viz.,  the  deeper  cells  are  elongated  and  resemble  the  co- 
lumnar epithelium,  while  the  cells  on  the  surface  arc  flattened.  In  the  neck  and  fundua 
of  the  bladder  are  a  few  mucous  glands,  some  in  the  form  of  simple  follicles,  and  others 
collected  to  form  glands  of  the  simple  racemose  variety. 

The  corpus  trigonum  is  a  triangular  body,  lying  just  beneath  the  mucous  membrane 
at  tlie  base  of  the  bladder  and  extending  from  the  urethra  in  front  to  the  openings  of 
the  ureters.  It  is  composed  of  white  fibrous  tissue,  with  a  few  clastic  and  muscular 
fibres.  At  the  opening  of  tho  urethra,  it  presents  a  snmll  projecting  fold  of  luuct^us 
membrane,  which  1?^  sometimes  called  the  uvula  vesictc.  Over  tlie  whole  of  the  surface 
of  the  trigone,  the  inacous  membrane  is  very  closely  adherent,  and  it  is  never  thrown  into 
folds,  even  when  the  bladder  is  entirely  empty* 

The  blood-vessels  going  to  the  bladder  arc  ultinuitely  distributed  to  its  mucous  mem- 
brane.    They  are  not  very  numerous,  except  at  tbe  fundus,  where  the  mucous  mem- 
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ne  U  tolemblj  Tasculnr.  Lymphiiticd  have  been  described  as  existing  in  tbe  wolb  of 
the  bUddcr,  but  Sapp^j,  wboae  re»ettrclici*  iq  the  Ij-mphfttic  system  have  been  v^ry  ex- 
Umlcd  and  siioce^ti],  h&9  failed  to  demonstrate  them  in  this  situiition.  The  nerves  of 
the  bladder  iitq  derived  from  tlie  bjpogastric  plexus, 
i  The  urelhrtt  is  provided  with  TnusoiUar  fibres,  and  it  is  lined  by  a  mucous  mcTubrane, 
)  anafonij  of  ^vhich  will  be  more  fully  cousidereJ  in  connection  with  the  function  of 
erution.  In  the  feiuale  the  epithelium  uf  the  urethra  is  like  that  of  the  bladder.  In 
\mA\v  the  epithelinl  cells  are  small,  pale^  and  of  the  culiininar  variety. 


MtthnHiMm  of  tfrn  VUrhargt  of  Urine, — In  some  of  the  lower  orders  of  animals  in 

vbich  the  nrine  is  of  a  semisolid  consistence,  the  movement  of  vibratile  cilia  in  the  uri- 

t  '  "    >*  probably  aids  in  the  discharge  of  the  excretion;  but,  in  the  human  subjoct, 

I  ,  even,  of  cilia  is  doubtful,  and  the  urine  is  diseharged  into  the  pelves  of  the 

aiifJ  the  ureters  hy  pref^Htire  due  to  the  act  of  separation  of  the  tinid  from  the 

<  )nrc  discharged  into  the  ureter^  the  course  of  the  urine  is  determined  in  part  by 

f  fw<j  If'ttjif,  and  in  part»  probablv,  hy  the  action  of  the  muscular  enats  of  these  canals. 

m^r  has  found  that  the  ureters  can  ho  made  to  undergo  a  powerful  local  contraction 

tlio  a|»plicat[on  of  a  galvanic  current ;  and  Bernard  has  sliown  that  this  may  be 

duced  by  galvanization  of  the  anterior  root  of  the  eleventh  dorsal  nerve.     Notwith- 

udlnjf  these  facts,  it  is  difficult  to  vstimate  the  amount  of  influence  ordinarily  exerted 

pcristaltjo  contracttnns  of  the  ureters;  hut,  when  there  is  excessive  accumulation  of 

ill  the  bladder,  or  when  there  is  obstruction  from  nny  cause,  such  as  the  presence 

fll  cidculus,  these  contractions  are  prohably  quite  energetic, 

the  urine  hu^  accumulated  to  a  certain  extent  in  thu  bladder,  a  peculiar  sensa- 

nscrpenenced  which  leads  to  the  act  for  its  expulsion.     Tliis  desire  to  discharge  the 

t  isi  probably  due  to  the  impression  produced  by  the  distention  of  the  bladder.    The 

Tfakat  which  it  is  experienced  are  exceedingly  variable.    The  urine  is  usually  voided 

sfore  retiring  to  rest  and  upon  rising  in  the  morning,  and  generally  two  or  three  times, 

liddilion.  during;  the  day.     The  fretpiency  of  micturition,  however,  depends  very  much 

bit,  upr>n  the  tvuantity  of  li^juuls  ingested,  and  upon  the  degree  of  activity  of  the 

f  i&tter  conditions  modifying  the  quantity  of  urine. 

DH  of  tlie  bladder  is  accomplished  by  the  muscular  walls  of  the  organ  itself, 

eeotractions  of  the  diaphragm  and  the  nhdominal  muscles  with  certain  muscles 

I  operate  upon  the  urethra,  and  it  is  accompanied  by  relaxafmn  of  the  gphinoter 

This  act  is  at  first  voluntary,  but,  once  commenced,  it  may  be  continued  by 

iliintary  contraction  of  the  bladder  alone.     During  the  tirt^t  part  of  the  process^ 

ndcd  bladder  is  compressed  hy  contraction  of  the  <liaphragm  and  the  nbdoininjd 

and  i\ns  after  a  time,  excites  the  action  of  the  bladder  itself.     A  certiiin  period 

ipscs  then  before  the  urine  begins  to  flow.     When  the  bladder  contracts,  aided 

i«!w:le«  of  the  ahdomen  and  the  dtriphragm,  the  resistanceof  the  sphincter  is  over- 

He,  and  a  jet  of  urine  flows  with  considerable  force  from  the  urethra.     All  voluntary 

m  maj  then  cea^e  for  a  time,  and  the  bladder  will  neorly  empty  itself;  but  the  force 

la*  jet  nrwT  at  any  time  be  considerably  increased  by  voluntary  elfort. 

u  whether  the  bladder  be  capabl*3  of  entirely  emptying  itself  by  the  ac- 
lur  walls.  That  aliuost  all  the  urine  may  be  expelled  in  this  way  in  the 
\  •iibjct.l,  there  can  be  no  doubt;  and  it  lifts  been  shown  by  experiments  upon  some 
*^Uw  inferior  animaU  that  the  hladder  may  be  romtdetely  evacuated  when  it  has  been 
«riwii  tmi  of  the  abtlominnl  cavity.  In  vivisections,  we  have  frequently  observed  the 
'  fo  firmly  contracted  that  it  could  contain  hardly  more  than  a  tew  drops  of  liquid. 
I  Towsrd  the  end  of  the  expulsive  act,  when  the  quantity  of  liquid  remaining  in  the 
dd«r  IS  slight^  the  diaphragm  and  the  abdominal  muscles  are  again  called  into  .iction, 
^  there  is  a  convulsive,  interrupted  discharge  of  the  small  quantity  of  urine  that  re- 
Qttioa    At  this  titoe,  the  impulse  from  the  bladder,  and,  indeed,  the  intluence  of  the  ab- 
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dominal  ninscles  and  diaphragm,  are  very  slight,  and  the  flow  of  urine  along  the  nrethra 
is  aided  bj  the  contractions  of  its  muscolar  walls  and  the  action  of  some  of  the  perineal 
muscles,  the  most  efficient  being  the  accelerator  orinffi ;  but  with  all  this  muscular  action 
a  few  drops  of  urine  generally  remain  in  the  male  urethra  after  the  act  of  urination  if 
accomplished.  The  process  of  evacuation  of  urine  in  the  female  is  essentially  the  same 
as  in  the  male,  with  the  exception  of  the  slight  modifications  due  to  ditferences  in  the  di- 
rection and  length  of  the  urethra. 

The  movements  of  the  bladder  are  under  the  control  of  the  nervous  system.  Accord- 
ing to  the  researches  of  Budge,  the  influence  of  the  nervous  system  operates  through  the 
sympathetic,  and  he  has  described  a  centre  in  the  spinal  cord,  which  presides  over  the  con- 
tractions of  the  lower  part  of  the  intestinal  canal,  the  bladder,  and  the  vasa  deferentia. 
This  he  calls  the  genito-spinal  centre,  and  ho  has  located  it,  in  experiments  upon  rabbits, 
in  the  spinal  cord,  at  a  point  opposite  the  fourth  lumbar  vertebra.  From  this  centre,  the 
nervous  filament^s  pass  through  the  sympathetic  nerve  communicating  with  the  gangfion 
which  corresponds  to  the  fifth  lumbar  vertebra. 

Properties  and  Composition  of  the  Urine. 

The  importance  of  an  exact  knowledge  of  the  properties  and  composition  of  the  urine 
has  long  been  recognized  by  physiologists ;  and  our  literature  is  full  of  observations,  more 
or  less  valuable,  upon  this  subject,  dating  from  the  discovery  of  urea,  by  Ilillaire  Rouelle, 
in  the  latter  part  of  the  last  century,  to  the  present  time.  It  is  impossible,  however,  to 
follow  out  in  detail  even  the  most  important  of  the  chemical  researches  upon  the  differ- 
ent urinary  constituents,  without  exceeding  the  Hmits  of  pure  human  physiology ;  and 
the  observations  of  the  earlier  authors  have  now  little  more  than  an  historical  interest. 
But  this  can  hardly  be  said  of  the  analysis  of  the  urine  by  Berzelius,  made  early  in  the 
present  century;  for,  even  in  recent  authoritative  works  upon  physiology,  these  are 
quoted  as  the  most  elaborate  and  reliable  of  the  quantitative  examinations  of  the  renal 
excretion.  In  treating  of  this  subject,  we  propose  to  give  simply  the  chemistr}-  of  the 
urine  as  it  is  understood  at  the  present  day,  dwelling  j)ai-ticularly  upon  its  relations  to  the 
physiology  of  nutrition  and  disassimilation.  In  doing  tliis  it  will  be  necessary  to  con- 
sider carefully  the  quantity,  specific  gravity,  reaction,  etc.,  of  the  urine,  with  the  varia- 
tions observed  under  different  pliysiological  conditions. 

General  Physical  Properties  of  the  Urine. — The  color  of  the  urine  is  very  variable 
within  the  limits  of  health,  and  it  depends  to  a  considerable  extent  upon  the  character  of 
the  food,  the  quantity  of  drink,  and  the  activity  of  the  skin.  As  a  rule,  the  color  is  yel- 
lowish or  amber,  with  more  or  less  of  a  reddish  tint.  The  fluid  is  perfectly  transparent, 
free  from  viscidity,  and  exhales,  when  first  passed,  a  peculiar,  aromatic  odor,  which  is  by 
no  means  disagreeable.  Soon  after  the  urine  cools,  it  loses  this  peculiar  odor  and  has  the 
odor  known  as  urinous.  This  odor  remains  until  the  liquid  begins  to  undergo  decomposi- 
tion. The  color  and  odor  of  the  urine  are  usually  modified  by  the  same  )>hy8iological 
conditions.  When  the  fluid  contains  a  relatively  large  amount  of  solid  matters,  the  color 
is  more  intense  and  the  urinous  odor  is  more  penetrating;  and,  when  its  quantity  is 
increased  by  an  excess  of  water,  the  specific  gravity  is  low,  the  color  pale,  and  the  odor 
faint.  The  urine  passed  in  the  morning  is  usually  more  intense  in  color  than  that  passed 
during  the  day. 

It  is  somewhat  difficult  to  measure  the  exact  temperature  of  the  urine  at  the  moment 
of  its  emission.  In  the  observations  on  this  subject,  by  Dr.  iJyasson,  in  which  a  very 
delicate  tliermometer  was  used  and  extraordinary  care  was  taken  to  prevent  any  change 
in  tem])erature  before  the  estimate  was  made,  the  temperature,  under  physiological  con- 
ditions, varied  but  a  small  fraction  of  a  degree  from  100°  Falir.  It  is  important  to  know 
the  normal  temperature  of  the  urine,  as  it  is  liable  to  vary  very  considerably  in  certain 
diseases. 
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Quantity,  Specific  Qravity,  and  Reaction  of  the  Urine, — Id  estimating  the  total  quan- 
tity of  arine  discharged  in  the  twenty-four  hours,  it  is  important  to  take  into  considera- 
tion the  specific  gravity,  as  an  indication  of  the  amount  of  solid  matter  excreted  by  the 
kidnejrs.  We  liave  already  alluded  to  some  of  the  variations  in  quantity  constantly  oc- 
carring  in  health,  as  depending  upon  the  proportion  of  water ;  but  the  amount  of  solid 
matters  excreted  is  usually  more  nearly  unifonn.  It  must  also  be  taken  into  account  that 
differences  in  climate,  habits  of  life,  etc.,  in  different  countries,  have  an  important  influ- 
ence upon  the  daily  quantity  of  urine.  Dr.  Parkes  has  collected  the  results  of  twenty-six 
series  of  observations  made  in  America,  England,  France,  and  Germany,  and  he  finds  the 
trerage  daily  quantity  of  urine  in  healthy  male  adults,  between  twenty  and  forty  years 
of  age,  to  be  fifty-two  and  a  half  fluidounces,  the  average  quantity  per  hour  being  two 
and  one-tenth  fluidounces.    The  extremes  were  thirty-five  and  eighty-one  ounces. 

In  attempting  to  decide  the  question  whether  a  certain  quantity  of  urine  passed  bo 
abnormal  or  within  the  limits  of  health,  it  is  important  to  recognize,  if  possible,  certain 
limits  of  physiological  variation.    Becquerel  states  that  the  variations  in  the  proportion 
of  water  in  the  urine  likely  to  occur  in  health  are  between  twenty-seven  and  fifty  fluid- 
ounces  ;  but  his  average  of  the  total  quantity  in  the  twenty -four  hours  is  only  forty -four 
oances,  which  is  rather  lower  than  the  one  we  are  disposed  to  adopt.     The  circumstances 
that  lead  to  a  diminution  in  the  proportion  of  water  are  usually  more  eflicient  in  their 
(q>eration  than  those  which  tend  to  an  increase ;  and  the  range  below  the  healthy  standard 
isnther  wider  than  it  is  above.    All  these  estimates,  however,  are  merely  approxhna- 
tire.   Assuming  that  the  usual  quantity  in  the  male  is  about  fitly  ounces,  it  may  be  stated, 
in  general  terms,  that  the  range  of  normal  variation  is  between  thirty  and  sixty ;  and  * 
that,  when  the  quantity  varies  much  from  these  figures,  it  is  probably  due  to  some  patho- 
bgical  condition. 

According  to  the  researches  of  Becquerel,  the  quantity  of  water  discharged  by  the 
kidneys  in  the  twenty-four  hours  is  a  little  greater  in  the  female  than  in  the  male ;  but 
in  the  female  the  specific  gravity  is  lower,  and  the  amount  of  solid  constituents  is  rela- 
tively and  absolutely  less. 

The  sfieeific  gravity  of  the  urine  should  always  be  estimated  in  connection  with  the 
absolute  quantity  in  the  twenty-four  hours.  Those  who  assume  that  the  daily  quantity 
is  about  fifty  ounces  give  the  ordinary  specific  gravity  of  the  mixed  urine  of  the  twcnty- 
fonr  hours,  at  60°  Fahr.,  as  about  1020.  The  specific  gravity  is  liable  to  the  same  vari- 
ations as  the  proportion  of  water,  and  the  density  is  increased  precisely  as  the  amount  of 
▼ater  is  diminished.  The  ordinary  range  of  variation  in  specific  gravity  is  between  1015 
and  1025 ;  but,  without  positively  indicating  any  pathological  condition,  it  may  be  as  low 
as  1005  or  as  high  as  1030. 

The  reaction  of  the  urine  is  acid  in  the  caniivora  and  alkaline  in  the  herbivora.  In 
the  human  subject,  it  is  usually  acid  at  the  moment  of  its  discharge  from  the  bladder; 
although  at  certain  periods  of  the  day  it  may  be  neutral  or  feebly  alkaline,  the  reaction 
depending  upon  the  character  of  the  food.  The  acidity  may  be  measured  by  carefully 
neutralizing  the  urine  with  an  alkali,  in  a  solution  that  has  previously  been  graduated 
with  a  solution  of  oxalic  acid  of  known  strength ;  and  the  degree  of  acidity  is  usually 
expressed  by  calling  it  equivalent  to  so  many  grains  of  crystallized  oxalic  acid. 

As  the  result  of  numerous  observations  made  by  Vogel  and  under  his  direction,  the  total 
quantity  of  acid  in  the  urine  of  the  twenty-four  hours  in  a  healthy  adult  male  is  equal  to 
from  two  to  four  grammes,  or,  omitting  fractions,  to  from  thirty  to  sixty  grains  of  oxalic 
a<*ii  The  hourly  quantity  in  these  observations  was  equal,  in  round  numbers,  to  from 
one  and  a  half  to  three  grains  of  acid.  The  proportion  of  acid  was  found  to  be  very  vari- 
tble  in  the  same  person  at  different  periods  of  the  day.  In  one  individual,  upon  whom 
the  greatest  number  of  observations  was  made,  the  average  hourly  quantity  of  acid  at 
Bight  was  2*9  grains;  in  the  forenoon,  2  grains;  and  in  the  afternoon,  2-3  grains.  "  In 
*  series  of  experiments  made  upon  four  difl^erent  persons,  the  quantity  was  found  to  be 
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greatest  at  Dight,  least  in  the  forenoon,  and  between  these  extremes  in  the  afternoon.*' 
In  estimating  the  degree  of  acidity  of  the  urine,  it  is  necessary  to  test  the  fluid  as  soon  as 
possible  after  it  is  discharged  from  the  bladder ;  for  its  acidity  rapidly  increases  after 
emission — until  ammoniacal  decomposition  sets  in — by  the  formation  of  organic  acids,  par- 
ticularly the  lactic. 

There  has  been  considerable  discussion  and  difference  of  opinion  among  physiological 
chemists  with  regard  to  the  cause  of  the  acid  reaction  of  the  urine,  ^t  the  moment  of 
its  discharge  from  the  bladder,  it  is  distinctly  and  even  strongly  acid ;  but  it  will  not  de- 
compose the  carbonates,  like  most  acid  solutions.  The  weight  of  chemical  authority  upon 
this  point  is  in  favor  of  the  view  that  there  is  no  free  acid  in  the  urine  when  it  is  first 
passed,  although  the  lactic  acid,  the  acid  lactates,  and,  perhaps,  some  other  of  the  organic 
acids  may  be  produced  after  emission,  as  the  result  of  decomposition ;  but  nearly  all 
authors  agree  that  it  contains  the  acid  phosphate  of  soda.  The  phosphates  exist  in  the 
fluids  of  the  body  in  at  least  three  different  conditions.  The  basic  phosphate  of  soda,  for 
example,  possesses  three  atoms  of  the  base  and  has  an  alkaline  reaction.  In  contact 
with  carbonic  acid,  this  salt  may  lose  one  atom  of  the  base,  forming  the  carbonate  of 
soda  and  what  is  called  the  neutral  pliosphate,  the  latter,  however,  having  a  feebly  alka- 
line reaction.  In  contact  with  uric  acid,  the  neutral  phosphate  may  lose  still  another 
atom  of  base,  forming  the  urate  of  soda  and  the  acid  phosphate ;  and,  according  to  most 
authorities,  it  is  in  this  form  that  it  exists  in  the  urine,  and  the  presence  of  this  salt  is  the 
cause  of  its  acidity.  The  acid  phosphate  of  soda  may  or  may  not  be  associated,  in  the 
human  subject,  with  the  acid  ])hosphate  of  lime,  which  ordinarily  gives  the  intensely  acid 
reaction  to  the  urine  of  the  camivora. 


Composition  of  the   Urine, 

Regarding  the  excrementitious  constituents  of  the  urine  as  a  measure,  to  a  certain 
extent,  of  the  general  process  of  disassimilation,  it  is  probably  more  important  to  recog- 
nize the  absolute  quantity  of  these  principles  discharged  in  a  definite  time  than  to  learn 
simply  tlieir  proportions  in  the  urine  ;  and,  in  making  out  a  table  of  the  composition  of 
the  urine,  we  shall  give,  o-s  far  as  possible,  the  absolute  quantity  of  its  ditferent  constitu- 
ents excreted  in  twenty-four  hours.  This  latter  point,  however,  will  be  more  elaborately 
considered  in  connection  with  the  characters  of  the  individual  excrementitious  principles 
and  their  variations  under  physiological  conditions.  In  compiling  this  table,  we  have 
taken  advantage  of  tlie  elaborate  bibliographical  and  experimental  researches  of  Prof. 
Robin,  contained  in  his  recent  work  upon  the  humors,*  but  we  have  ventured  to  make 
some  changes  and  corrections  in  his  list  of  urinary  constituents : 

>  BoBRT,  L^cofiA  8ur  Ua  humeurn,  Paris,  1S74.  In  the  table  pivcn  by  Eobin  (p.  16'1\  there  is  evidently  a  very 
aerioiu  error  in  one  of  the  fibres  frivin^r  the  pn>t)ortioD  of  w-ater  and  an  error  in  the  proportion  of  oxyjren.  We  hare 
omitted  some  of  the  constituents  (^'iven  by  Kobin,  which  are  stated  to  be  doubtfUl  or  accidental,  or  are  noted  u»  prtjceat 
onder  patholofrical  conditions. 

Althonirh  the  table  represent*,  ver\'  nearly,  the  latest  and  most  ri'Uable  observations  upon  the  relative  and  abao- 
hitc  qiiantltiefl  of  the  urinary  constituents,  there  are  a  few  minor  points  that  demand  some  explanation.  For  exam|4e, 
Kobin  estimntes  the  proportion  of  hippurates  at  a  little  less  than  the  prop^»rtlon  of  urates,  while  many  writers  of  hi^h 
authority  RiH>ak  of  the  hippurates  as  excretinl  in  rather  lanrer  <iiiantity ;  but  the  Investi^tions  with  regard  to  the 
daily  excretion  of  hlppuric  acid  have  not  been  so  definite  and  sati.tfiietor)'  as  those  upon  which  the  estimates  of  the  «x> 
cretion  of  uric  arid  are  based.  Robin  pives,  also,  the  [troi^rtion  of  creatine  as  1-4  to  2*6  parts  per  l.iHift.  and  of  ciwi- 
tinlne,  wl  to  04  jkt  1.0<ki  ;  and  most  authors  pive  In  the  urine  a  larper  proportion  of  creatinine.  This  differvnce.  how- 
ever, is  not  important  for.  as  far  as  the  process  of  excretion  is  concerned,  these  Iwo  substances  may  be  repanled  as  a 
slnt'le  i»rinHple.  creatine  belnp  readily  converted  into  creatinine  in  the  urine  by  simple  decomposition.  In  our  endeavor 
to  make  this  table  as  complete  as  iN>ssibIe.  we  have  reduced  the  liirures  piven  by  many  authors  to  represent  the  amounts 
of  uric  acid.  pho:<phoric  acid,  sulphuric  acid,  chlorine,  etc.,  to  the  quantity  of  the  salts  as  they  actually  exist.  This  is 
particulurly  imi>ortant  in  a  work  on  physiokHry,  for  chlorine  and  the  various  acids  Just  enumerated  are  not  proximate 
constituents  of  the  urine,  except  when  combined  with  bases.  It  is  simply  a  matter  of  convenience  to  estimate  them 
separately,  and  the  projiortions  of  salts  are  readily  calculated  from  the  combining  equivalents  of  the  different  ele- 
ments. 
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Composition  of  the  Human   Urine, 

Water  (in  24  hoars,  27  to  50  fluidounces — Becquerel) 

Uret  (in  24  hoars,  355  to  463  grains—Robin) 

Uric  acid,  accidental,  or  traces 


(In  24  hours,  ti  to  9 

grs.  of  uric  acid — Bec- 

'  querel^-or  9  to  14  grs. 

of  urates,  estiniated  as 

neut.  urate  of  ifoda.) 


(Daily  quantity  not  estimated). . 


Unte  of  soda,  neatral  and  acid 

Cnte  of  ammonia,  neatral  and  acid  (in  small  quantity) 

Unte  of  potassa. 

Unte  of  lime. 

Unte  of  magnesia 

Hipporate  of  soda. ^      (In  24  hours,  about  7*5  grs.  of  hippuric 

inpparate  of  potassa >  acid — Thudichum — equivalent  to  about  8*7 

Hippontc  of  lime )  grs.  of  hippuratc  of  sodu.) 

Ucute  of  soda. \ 

Lactate  of  potassa \ 

Lactate  of  lime. ) 

tieatine. >      (In  24  hours,  about  ITS  grains  of  both — 

Oeatinine J  Thudichum) 

Oxalate  of  lime  (daily  quantity  not  estimated) 

Xanthine 

Hargarine,  oleine,  and  other  fatty  matters 

Chloride  of  sodium  (in  24  hours,  about  154  grains — Robin) 

Chloride  of  potassium 

Hydrochlorate  of  ammonia 

Sulphate  of  soda.  1       ^'"  ^^  ^iomt^  23  to  88  grains  of  sulphuric  acid 

Sulphate  of  potassa! .'  \\\\\   I  -Thudichum.     About  equal  parts  of  sulphate 
Sulphate  of  lime  (traces)...    I  of  soda  and  sulphate  of  potassa-Robin-equiv- 
J  alent  to  from  225  to  37*5  grains  of  each.) 

Phosphate  of  soda,  neutral ?.,.., 

Phosphate  of  soda,  .cid \     (^"'J'  '•"'"""y  "»'  «»t.m.tcd) 

Phosphate  of  magne.«ia  (in  24  hours,  7'7  to  11*8  grains — Xcubauer) 

Phosphate  of  lime,  acid /      ^^         .  ^  ^       .        ^-    .         v 

Phosphate  of  lime,  basic \     (^^  ^4  hours,  47  to  57  grams-Ncubauer). . 

Ammonio-magncsian  phos^phate  (daily  quantity  not  estimated) 

(Daily  excretion  of  phosphoric  acid,  about  5G  grains — Thudichum.) 

Slide  acid 

Urrosacine ) 

Mucus  from  the  bladder )   


967-47  to  940-36 
15-00   "     2300 


1-00   "       1-60 


1-00   " 

1-40 

1-50   " 

2-60 

1-60   " 

8-00 

traces   " 

1-10 

not  estimated. 

010  to 

0-20 

800   ** 

8-00 

traces. 

1-60  to 

2-20 

3-00   " 

700 

2  50   " 

4-80 

0  50   " 

1-00 

0-20   " 

1-30 

1-50    " 

2-40 

003    " 

0-04 

010   " 

0-50 

Proportion  of  solid  constituents,  from  3263  to  5989  parts  per  1,000. 


1,00000     1,000-00 


Oaset  of  the  Urine. 

OiTgen,  in  solution 

Nitrogen,  in  solution 

Carbonic  acid,  in  solution 


(Parts  per  1,000,  in  volume.) 


000 

7-00 

45 


100 
10-00 
60-00 


Urea. — As  regards  quantity,  and  probably  as  a  measure  of  the  activity  of  the  general 
process  of  disassimilation,  urea  is  the  most  important  of  the  urinary  constituents;  and 
this  substance,  with  the  chanpes  which  it  undergoes  in  tlie  urine  and  the  mode  of  its 
production  in  the  8y.«?tem,  has  l>een  most  carefully  studied  by  physiologists.  Regarding 
the  daily  excretion  of  urea  as  a  measure  of  nutritive  force  and  physiological  waste,  its 
consideration  would  come  properly  under  the  head  of  nutrition,  in  connection  with  all 
other  substances  known  to  be  the  results  of  disassimilation  ;  but  it  is  more  convenient  to 
treat  of  its  general  physiological  properties,  and  some  of  its  variations  in  common  with 
(*ther  excrementitious  principles  separated  by  the  kidneys,  in  connection  with  the  com- 
position of  the  nrine. 
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The  fonnula  for  urea,  showing  the  presence  of  a  large  proportion  of  nitrogen,  would 
lead  lis  to  suppose  that  this  Buhstunce  is  one  of  the  products  of  the  waste  of  the  nitrogen* 
ized  principlea  of  the  bcwly.  It  is  found,  under  normal  couditiuns,  in  the  urine,  the  lymph 
and  chyle,  the  hlood,  the  sweat,  and  the  vitreous  humor.  Its  presence  has  lately  been  de- 
monstrated, also,  in  the  substance  of  the  healthy  liver  in  both  carnivorous  and  herhjvoroui 
animals;  and  it  has  fiirther  been  shown  by  Zalesky  that  it  exists  in  minute  quunUty  in 
the  niUBCular  juice.  Under  pathological  conditions^  as  has  been  already  intimated^  tirea 
finds  its  way  into  various  other  fluids,  such  as  the  secretion  from  the  stomach,  the  serous 
tluidii,  etc. 

In  connection  with  the  chemical  properties  of  urea,  it  is  interesting  to  note  that  it  is 
one  of  the  few  organic  proximate  principles  that  can  lie  prrKluced  synthetically  \tk  the 
laboratory  of  the  chemist.  As  early  as  1828,  Wohlcr  obtained  urea  by  adding  sulphalo 
of  ammonia  to  a  solution  of  cyanate  of  potassa.  The  products  of  this  combination  anj 
enlphate  of  potassa,  with  cyanic  acid  and  ammonia  in  n  form  to  constitute  urea.  The 
cyanate  of  ammonia  is  isomeric  with  urea,  and  the  change  is  effected  by  a  simple  re- 
arrangement of  its  eiemonts.  It  has  long  been  known  that  urea,  in  contact  with  certaia 
animal  substances,  is  readily  convertible  into  carlMmato  of  ammonia.  This  traiisform^liou 
is  theoretically  accomplished  by  adding  to  urea  tour  atoms  of  water.  It  has  recently  been 
stated  by  Kulbe,  that  carbonate  of  arurnoula,  when  heated  in  sealed  tubes  to  the  tem- 
perature at  which  urea  commences  to  decompose,  is  converted  into  urea.  The  decom- 
position of  urea  resulting  in  the  carbonate  of  ammonia  may  be  easily  effected  by  various 
ehemicfd  means.  As  this  occurs  in  the  .'spontaneous  decomposition  of  urea  in  the  urine 
and  elsewhere,  it  lias  been  supposed  that  the  symptoms  of  blood-poisoning  following  re- 
tention of  the  urinary  constituents,  in  cases  of  disease  of  the  kidneys,  are  due  lo  the 
decomposition  of  the  urea  into  carbonate  of  ammtmia,  and  ncit  to  the  presence  of  the  urea 
itself  in  the  blood.  Many  interesting  experiments  and  observations  have  been  made  npuQ  ^ 
this  subject,  but  it  is  now  pretty  generally  admitted  that  the  weight  of  evidence  is  against  ■ 
the  carbonate-of- ammonia  theory  of  urojraia.  ™ 

Except  as  regards  the  probable  changes  that  take  place  in  the  proccas  of  transforma- 
tion of  certain  constituents  of  the  tissues  into  urea,  the  chemical  histiDry  of  this  substance 
does  not  prenent  much  iihysiologica!  interest.  Urea  may  bu  readily  extracted  from  the 
urine,  by  processes  fully  described  in  all  the  modern  works  upon  physiologicjil  chemistry; 
and  its  proportion  may  now  bo  easily  estimated  by  the  new  methods  of  volumetric  anal* 

ysis.     It  is  not  so  easy,  however,  to  separate  it 
from  the  blood  or  the  substance  of  any  of  the  ^ 
tis.'^uesi,  on  account  of  the  difficulty  in  getting  ■ 
rid  of  the  other  organic  matters  and  the  great  ^ 
facility  with   which   it   undergoes    decomposi- 
tion. 

When  perfectly  pure,  tirea  crystalliasa  in 
the  form  of  long,  four- sided,  colorless,  and 
transparent  prisms,  which  are  without  odor, 
neutral,  and  in  taste  resemble  saltpetre.  Them 
crystals  are  very  soluble  in  water  and  in  alco- 
hol, but  they  are  entirely  insoluble  in  ether. 
In  its  behavior  to  reagents,  urea  acts  as  a  ba«e, 
combining  readily  with  certain  acids,  particn- 
larly  nitric  and  oxalic.  It  also  forms  combi- 
nations with  certain  salts,  such  as  the  oxide 
of  mercury,  chloride  of  sodium,  ete.  It  cjQsts 
in  the  economy  in  a  state  of  watery  fiolutton, 
with  perhaps  a  small  portion  of  it  modified  by  the  presence  of  chloride  of  sodium. 
•  Origin  of  Urea. — There  are  two  probable  sources  of  urea  in  the  economy,  assuming 
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ili!i(  it  :ilu  Ays  pre^xlsta  in  the  bUmd  atid  is  not  formed  in  tlie  kiOnojs.    One  of  than^  is  m 

iliition  oi  llto  mtrofgenUci]  coni-itituetits  of  tlio  tisBoes,  qdcI  tLc  other,  in  a  traus^ 

I  ^.i.uM 'LI  iu  tlic  blood  of  ail  t'Xce»B  of  tlto  oitro^entzed  4*UiiieDU  of  food.     llrt%  as  wo 

Kivc  alft'odr  f«en,  exists  m  ec»ui<iderable  qnautity  m  the  htjj|))i  and  chyle,  and  it  h  fouod, 

ill  proporliun,  in  the  blood.     It  hiia  lately  bveii  detected  id  siill  snmlter  qiiaU' 

.na^'ular  tissue ;  but  ehemists  Imve  thus  fnr  been  uuulilo  to  extrnct  it  froru  any 

1  titHUes,  under  normal  conditions,  except  the  »iib»t]iuce  of  ibe  liver    The 

^  in  considernhlo  *piantity  in  the  liver  hais  led  to  thu  stippo^itioD  tlmt  this 

'Tpm  chietiy  concerned  in  its  prodnctiori.    With  tlie  ^luall  rmiount  of  positive  infor- 

:.,-*:  n  thai  we  have  upon  this  point,  the  vit^w  that  the  liver  produces  urea,  wbilt  the  ktd- 

nei*  are  U*e  organs  chiefly  eoneemed  in  its  elimination,  mutit  be  regarded  a»  purely  hy- 

ithi'ticaL    lirit^  If  it  be  true  that  nrea  is  tlie  result  of  the  physiological  wear  of  the  nitro- 

l  dementi  of  the  bmiy,  the  liver  would  probably  produce  it*  share,  in  the  ordinary 

nalation*    The  fact  thut  urea  has  not  yet  been  detected  in  nurnml  mns- 

fv  }  no  niefins  a  conclusive  argument  af?ainsit  its  formation  in  this  situation, 

Ve  liav«  iHteiy  i»hos^  n  that,  aUhou;u;h  thc^  liver  is  constantly  producing  sugar,  none  cun  he 

In  its  substnnce,  fc^r  the  reason  that  it  is  washed  out  as  fast  as  it  is  formed,  by 

f  carretit  of  blood.     In  the  ctise  of  the  muscles,  it  is  by  no  means  improbuble  that  the 

Dph,  and  perhaps  the  blood,   wash    out  the   urea  constantly  and  keep  thefie  jiarts 

)  from  il^  presence  during?  norm  id  conditions.     In  some  late  experiments  by  Meissner, 

which  the  observations  of  Pr^^vost  and  Dumas  on  the  accumulation  of  urea  in  the 

Rwl  of  n»*plirot*>tni2ed  animals  were  confirmed,  urea  was  found  in  dojrsand  rabbits,  after 

'lie  kidneys,  not  only  in  the  liver  but  in  the  muscles  and  brain. 

Ji  our  experimental  knowledge  does  not  warrant  the  nnre?erved  conclusion 

it  urea  l*  produced  prtufarily  in  the  nitrogrenized  parts  of  the  organism,  particuhirly 

oiuftculaj^  lissoe,  thift  view  is  exceedingly  probable ;  and  we  must  wait  for  farther 

Urination  on  this  subject,  until  physiological  chemists  are  able  to  follow  out  more 

ely  the  exact  atomic  changes  that  intervene  between  the  functional  operation  of  or- 

parts  and  the  change  of  their  subatanoe  into  excrementitious  matters. 

we  come  to  consiiler  the  influence  of  food  upon  the  composition  of  the  urine,  it 

iicon  lliat  an  excess  of  nitrogenized  matter  taken  into  the  alimentary  canal  cans^a 

ortitmate  increase  in  the  quantity  of  urea  discharged.     This  fact  has  led  to  the 

iltion  that  a  fiart  of  the  urea  contained  in  the  urine  is  the  result  of  a  direct  trans- 

tjcm  in  the  blood  of  the  nitrogenized  alinoentary  princi[des.     This  view  must  be 

t»  purely  hypothetical.     We  do  not  even  know  the  nature  of  the  process  by 

eb  the  nitrogenized  elements  of  the  tissues  are  transformed  into  excrementitious  mat- 

we  are  Mtill  more  ignorant  of  the  essential  characters  of  nu  tint  ion  proper.    When 

Itrnifrnized  food  is  taken  than  is  absolutely  necessary,  it  is  evident  that  the  excesa 

I'  ired  fri>m  the  system.     Tliin  is  never  discharged  in  the  form  in  which 

l*T  I  excels  of  chloride  of  sodium  or  other  inorganic  matter^  but  it  Is  well 

fcaowii  Lliat  a  series  of  complicated  changes  are  necessary,  even  before  organic  matters 

filo  bo  tak«^n  into  tiie  Idocid  by  absorption.     There  is  no  evidence 'of  the  direct  transfor- 

attlluD  of  tbetv  prinerptes  into  urea  before  they  have  become  part  of  the  organised  struct- 

r  in  .1  comparison  of  the  proportions  of  nitrogen  ingested  and  discharged  ;  and 

nothing  with  regard  to  the  nature  of  the  intermediate  processes.     At  tha 

i»rcit^iil  tiote,  the  most  rational  supposition  is,  that  the  nitrogenized  elements  of  food 

ftOQrUli   tlie  corresponding  coUHtttuents  of  the  l>cMly,  which  are  constantly  undergoing 

toof^Tnion  into  excrementitious  niatters.     ObHcrvattons  wliicli  have  appeared  to  demon- 

•Ifile  the  format  ion  of  urea  directly  from  albuminoid  substances  have  not  been  confirmed. 

There  are  certain  arguments,  based  upon  coiuparisons  of  the  atomic  constitution  of 

sfta  with  the  elements  of  uric  acid,  creatine,  and  creatinine,  in  favor  of  the  view  that 

ftfi*  If  the  pnodnct  of  a  higher  degree  of  oxidation  of  the  other  excrementitious  matters 

iUite  me^tiuncid.    U  hfts  been  found,  also,  that  urea  raay  be  formed  artificially  from  uric 
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acid,  creatine,  creatinine,  xanthine,  hjpoxanthine,  and  some  other  bodies  of  similar  nai 
That  cortiiin  bodies  are  mutally  convertible  by  tbe  addition  or  subtraction  of  a  few  elenK^nW 
of  water,  there  can  be  no  doubt.  Examples  of  tliese  simple  transtbrmations  arc,  tha 
change  of  sturcht  dextrine,  etc.,  Into  glucose,  the  change  of  croatiue  into  creutijiine,  etc^ 
but  the  atomic  changes  necessary  for  the  conversion  into  urea  of  the  principles  fniia 
which  this  substance  has  been  assumed  to  he  produc4)d  are  much  more  complicated. 
Tberti  is  no  positive  proof  that  the  proportion  of  these  vurious  pi'inciples  in  thv 
blood,  and  urine,  bears  an  inverse  ratio  to  the  proportion  of  urea,     Apiin,  the  .,  ,l 

that  the  excrements  of  reptiles  contain  an  excess  of  uric  acid  because  tlie  activity 
datioti  is  less  than  in  the  miLmmalia  is  met  by  tbe  fact  that,  in  birds,  in  which  the  aj] 
of  oxygen  consumed  is  grreater,  the  proportiou  of  urates  is  enormous ;  and  nrea  m 
^nerally  found  in  this  class,  but  is  contained  only  iu  the  excrements  of  iho  rapocioiit 
birds,  and  here  only  in  small  ciuantity. 

There  are  no  sntticlent  rensons  for  regarding  urea  as  tlie  final  result  of  oxidatn 
tain  of  the  tiss^ues  of  the  body,  uric  acid,  creatine,  etc,  being  suhjstances  in  an  inl' 
stage  of  transformation ;  and  we  are  forced  to  admit  that  ibis  principle  is  furmed  during 
the  general  process  of  disasslmilation,  probably  from  the  nitrogcnized  elements  uf  tlift 
body^  by  a  destructive  action,  with  tho  exact  nature  of  which  we  are  us  yet  ioij 
feotly  acquainted. 

The  daily  amount  of  urea  excreted  Is  subject  to  very  groat  Tariationa,  It  is  given 
the  table  as  ranging  between  355  and  403  grains.  This  is  much  less  than  ihti  e»Umatva 
frequently  given  \  hut,  when  the  «|uautity  has  been  very  large,  it  has  generally  deitenrltHl 
upon  an  unusual  aratiunt  of  exercise  or  of  nitrogeni^ed  focnJ,  or  the  weight  uf  the  hod/ 
has  been  above  the  average.  Purkes  gives  the  results  of  twenty-five  dltferent  stories  of 
observations  upon  this  point.  The  lowest  estimate  is  28G*1  grains,  and  the  highest,  66d'4 
grains, 

Uria  Acid  and  its  ComponrHh.^V r\c  acid  seldom  if  ever  exists  in  a  fre^  atate  in 
nonnal  urine.  It  is  exceedingly  insoluble,  requiring  from  fourteen  to  fiAeen  thonaanit 
times  its  volume  of  cold  water,  and  from  eighteen  to  nineteen  hundred  parts  of  iMiitltig 
water  for  its  solution.  It  was  at  one  time  supposed  to  exist  in  ibe  urine  in  g-uth*  ieot 
ijuantity  to  give  it  its  acid  reaction  :  but  it  has  since  been  ascertained  that  its  ^uLioa 
does  not  redden  litmus.  Its  presence  in  the  urine  unconibined  must  be  regarded  as  a 
jiiithologieal  condition ;  still,  it  is  often  found  in  urinary  deposits,  where  it  is  inter«)Stiug 
to  study  the  peculiar  and  varied  forms  of  its  crystals.  Frequently,  in  tables  of  tho  cimi- 
position  of  the  urine,  the  proportion  of  uric  acid  is  given,  but  this  is  simply  a  matter  of 
convenience,  and  it  has  precisely  the  same  signification  as  the  estimates  of  the  proportJo&a 
of  sulphuric  or  of  phosphoric  acid.  None  of  these  acids  constitute,  of  themselves,  prox- 
imate  principles  of  the  urine,  hut  they  are  always  combined  with  bases. 

In  normal  urine,  uric  acid  is  combined  with  soda,  ammonia,  potassa,  lime,  and  ma^ 
ncsia.  Of  tJiese  corobiiiationsi,  the  urate  of  soda  nnd  the  urate  of  ammonia  are  by  far  the 
most  important  and  constitute  the  great  proportion  of  the  urates,  the  urates  of  potasat, 
lime,  and  magnesia  existing  only  in  minute  traces.  The  urate  of  soda  is  very  mnch  mere 
ahundant  than  the  urate  of  ammonitu  The  union  of  uric  acid  with  the  ha^>4  is  verj 
feeble.  If  from  any  cause  the  urine  he€!0me  excessively  acid  alter  its  emission,  a  de|>08il 
of  uric  acid  is  liable  to  occur.  The  addition  of  a  very  small  quantity  of  almoi*t  any  acid 
is  sufficient  to  decompose  the  urates,  when  the  uric  acid  appears,  after  a  few  hour^  m  a 
crysttdline  form. 

Uric  acid,  probably  in  combination  with  himvs,  was  found  in  the  suhstnncc  of  the  liver 
in  largo  quantity  by  Cloetta,  and  his  obscrvatioUM  luive  been  confirmed  by  recent  Ger- 
man anthorities.  It  is  more  than  pridnihle  that  the  urates  also  exist  in  the  blood  and. 
pass  ready-formed  into  the  urine;  hut  their  proportitm  in  the  hlocd  is  84)  slight^  under 
normal  conditions,  tliat  their  presence  in  this  fluid  has  not  been  definitely  determined, 
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except  In  birdss  in  which  Mcissn^T  has  lately  foand  it  in  considerable  quantity.  The  fact 
that  tbv*  unites  exii*t  in  the  liver,  and  in  no  other  part-naxcept,  perhapa,  the  spleen — has 
led  MoiAHDur  to  the  opinion  tlnit  this  organ  is  the  principal  seat  of  the  formation  of  uric 
Add*  Uowerer  this  may  be— and  the  facts  do  not  seem  suffidently  defiDite  to  lead  to 
1  ^xdasivo  opiaioD — ^it  b  oertainly  not  fonaed  in  the  kidneySf  but  is  simply  st]m- 


'  /mrfhf 
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n:    '  '       '  »  >c  organs  from  tht<  bh>mh     Meissner  did  not  succeed  in  finding  uric  acid  in 
^^  r*  tissue^  although  tlie  specimeus  were  taken  from  the  same  aniuinls  in  wliirli 

hi  l  large  «|nnn cities  in  the  liver. 

already  disi.njsscd  the  theory  of  the  change  of  uric  acid  into  urea.  In  the 
prrMmi  «ai©  of  oiir  koo^^ledge,  we  must  regard  the  urates,  partiruhirly  the  urate  of  soda, 
IS  amon^  th*?  products  of  disast^irailation  of  the  uitrogonized  constituents  of  the  body  ; 
■lid  we  should  adiuit  that  as  yet  we  are  unable  to  designate  the  precise  seat  of  their 
formation  or  to  follow  out  all  the  proeessei*  involved  in  their  production, 

Thp  daily  excretion  of  uric  acid,  given  in  the  table,  is  from  hx  to  nine  grains ;  whicih 
w  wjiuil  to  from  nine  to  fourteen  grains  of  urate!?i  estimated  as  neutral  urate  of  dofla.  Like 
aT«^  the  proportion  of  the  urates  in  the  urine  is  subject  to  certain  physiological  varia- 
tloo^fc  which  will  be  considered  farther  on. 

ilijfjntrie  AeU^  ITippnmte$,  ami  Lu ctate^. ^The  compounds  of  hippuric  acid,  which 

itt9u  •bun<lant  in  the  urine  of  the  herbivora,  are  now  known  to  be  constant  conjititu- 

wiUof  ili€  human  urine.     Hi]»puric  acid  is  always  to  be  foond  in  the  urine  of  children^ 

^"*  ^*  is  Aiimetimes  absent  temporarily  in  the  adult.      The  hippuratea  have  been  de- 

n  the  hlood  of  the  ox  by  Verdeil  and  iJolfuss,  and  tbey  have  t«ince  been  found  in 

'  the  human  subject.     There  can  be  scarcely  any  doubt  that  they  pass,  ready- 

I  th<r^  tdoc»d  into  the  urine.     With  regard  to  the  exact  mode  of  origin  of  the 

ive  even  less  information  than  upun  the  origin  of  the  other  urinary  con- 

.   t'ODtnidered.     Experiment j*  have  fthown  that  the  proportion  of  hippuric 

1  the  ttrinu  is  greatest  after  taking  vegetable  fo*»d ;  luit  it  is  found  after  a  purely 

1  '!>  +   and  probably  it  also  exists  during  tasting.     We  must  be  content  at  present 

t^  Uio  hippurates  among  the  produets  of  disassimilation,  without  attempting  to 

-  exact  mrnle  of  origin.     The  daily  excretion  of  hifipuric  acid  amounts  to 

-r.iins,  which  is  ei]uivalent  to  about  8*7  grains  of  bippurate  of  H«xla, 

lilH'^i<''L*  <><-*i^  iLaell*«  unlike  uric  acid,  is  quite  soluble  in  water  and  in  a  mixture  of 
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hydrochloric  acid.  It  requires  six  hundred  parts  of  cold  water  for  it«  aolation,  and  a 
much  sniiiller  proportion  of  warm  wuter.  Undtr  pathological  conditioiu^  it  l»  nometiflMa 
fouDd  free  in  solution  in  the  urine. 

The  lactates  of  soda,  potassa,  and  lime,  exist  in  very  considerable  proportion  in  tilt 
normal  aritie.      They  are  undoubtedly  derived   imraediately  from   the  blood,  paasing 
ready- formed  into  the  urine,  where  they  exist  in  simple  watery  solution,     Ai'cordinp  ta| 
Robin,  the  lactates  are  formed  in  the  muscles,  in  the  Bubstanee  of  which  they  can  l>ej 
readily  detected.     We  have  no  positive  information  with  regard  to  the  precise  mode  of  | 
formation  of  thefse  salts.     It  is  probable,  however,  that  the  lactic  acid  \s  the  result  of 


F  ir# .  130.— (.y-if^to  ii*  of  h  ipp  u  r!c  acid,   (Fiutke.) 
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Uaed  from  a  k»i,  tt^ttety  mtlutUm,   ( Pualis.) 


trannformation  of  glucose.    Aa  a  cnrions  chemical  fbct,  it  ia  interesting  to  note  thiii  th€ 
lactic  acid  eontuined  in  the  lactates  extracted  from  tlje  mnscular  substance  ia  not  ab» 
lutely  identical  with  the  acid  resulting  froTn  the  transformation  of  the  sugars.     The  for 
mer  have  been  called  sarcolactates,  and  they  oontjiin  one  equivalent  of  water  le^  than  ! 
the  ordinary  lactates.     According  to  Robin,  the  compounds  of  lactic  acid  in  the  urine  are 
in  the  form  of  sarcolactates. 

Although  the  inosatea  have  never  been  detected  in  the  urine,  Robin  is  of  the  opiniool 
that  traces  of  thc'^e  salts  are  separated  from  the  blood  by  the  kidneys^  from  llie  fact  thai  ^ 
they  exist  normally  in  the  blotnl  and  in  the  musrular  tissue. 

We  have  little  or  no  information  with  regard  to  the  relations  of  the  inosatea  to  0l4 
oretion. 

Creatint^  and  Creatinitu. — Creatine  and  creatinine  are  undoubtedly  identical  in  their 
relations  to  the  general  process  of  disassimilation^  for  one  is  easily  converted  into  tha 
tJthor,  out  of  the  hotly,  by  very  simple  chemical  means ;  and  there  is  every  reason 
suppose  that,  in  the  organism,  they  are  the  products  of  physiological  waste  of  the 
tissue  or  tissaes.  These  principles  have  been  found  in  the  urine,  blood,  muscular  tiMQit,] 
and  brain.  Sclierer  has  demonstrated  the  presence  of  creatine  in  the  amniotic  fluid,  ^f 
certain  chemical  manipulations,  both  creatine  and  creatinine  maybe  converted  into  nrea; 
and  the  fact  that  tlicse  substances  are  now  known  to  be  constant  constituents  of  th« 
urine  leaves  no  doubt  that  they  are  to  be  classed  among  the  excremcntitious  principleaj 
Chevreul,  who  first  discovered  creatine  in  the  extract  of  muscular  tisane,  regarded  it 
one  of  the  nutritive  principles  of  meat ;  but  the  subsequent  researches  of  Heinti;,  Liebig 
and  others,  who  tbund  it  in  the  urine,  revealed  its  true  character,  Verdeil  and  Marce 
have  since  found  both  creatine  and  creatinine  in  the  blood  ;  and  these  principles  are  now  I 
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r«g«rd«d  m  eicrementidoud  matters,  taken  frr»iD  the  tisanes  by  the  blcxxl,  to  be 
by  the  kidnt^ys. 
OreiUtiie  bAs  n  bitter  taste,  U  quite  soluble  in  cold  water  (on©  part  in  aeventy-fire),  and 
\  m  much  more  aoloble  in  liot  water,  irom  wliioli  it  separates  in  u  crystuUine  iorm  on  cool- 
■^ta^  It  b  Imt  slightly  soluble  in  alcobol  anfl  i^  insoluble  in  ether.  A  M^atery  f^ohition 
^^P  ftfMriTio  is  ueutrad.  It  does  not  readily  tonu  cornbinationfa  as  a  base ;  but  it  has  lately 
^Hr^  to  form  crystalline  compounds  witli  somo  of  the  strong  mineral  Heids,  the 

^■It  <»clUoriC|  and  sulphuric.    When  boiied  for  a  long  time  with  baryta,  it  is  changed 

into  urea  and  sarcosine;  but  the  recent  researches  of  Voit  have  pretty  conclusively  shown 
tliftt  thk  change  does  not  take  place  in  the  living  organism,  and  that  probably  none  of  tho 
area  of  tlic  urine  is  produced  in  this  way.  When  boiled  with  tli©  strong  acidt*,  creatme 
IOM0  ioor  Atoms  of  water  and  is  converted  into  creatinine.  This  change  takes  place  very 
ft/My  te  decomposing  urine,  which  contains  neither  urea  nor  creatine  but  a  large  quan- 
ti^  Iff  creatinine,  when  far  advanced  in  putrefaction. 


,  mmd  enntttiUUmi  fftffn  it  hot,  u-ntery 


dtgeitu^n  *nth  hydroe/Uarie  (Kid,  and  erffttnl- 
Uttd  /n)m  a  hot,  waUnf  mJhI^.    (Fim1i«^> 


Q^fttliiiine  ta  more  soluble  than  creatine,  and  ita  watery  solution  has  a  strongly  alki- 
ftMCtktm^  It  is  dissolved  by  eleven  parts  of  cold  water  and  is  even  more  soluble  in 
ft  water.  It  is  slightly  scduble  in  ether  and  is  dissolved  by  one  hundred  parts  of 
ileohiil.  This  substance  is  regarded  as  one  of  the  most  powerful  of  tlie  organic  bases, 
n-juidy  forming  crystalline  combinations  witli  a  number  of  acids.  According  to  Thudi- 
eham,  who  has  very  clos^cly  studied  the  physiological  relations  of  these  substances,  crca- 
tbi*  IS  the  original  excrementitious  principle  produced  in  the  muscular  substance,  and 
creatinine  is  fonned  in  the  blood  by  a  transforuiation  of  a  portion  of  the  creatine,  some- 
where between  the  muscles  and  the  kidneys  ;  **  for,  in  the  muscle,  creatine  has  hy  far  the 
firifponderiinoe  over  creatinine ;  in  the  urine,  creatinine  over  creatine." 

In  ''  Tit  state  of  our  knowledge,  tliero  is  very  little  to  bo  said  with  regard  to 

^H«*  \)\.  I  relations  of  creatine  and  creatinine,  except  that  they  are  probably  to  be 

^iMised  ttiuong  the  excremeutitious  principles  resulting  from  the  disaasimilation  of  Um 
ttiy^cnlar  tissue.  As  they  exist  in  considerable  quantity  in  the  muscular  substance,  it  be- 
"«ni^  VL  que^ion  wlietlier,  in  the  urine  of  carnivorous  animals,  they  be  not  derived  from 
tiw  fticwl ;  but  they  coald  have  no  such  origin  in  the  herblvora  or  in  the  urine  of  starving 
wumals. 

It  ho^  boon  a«stuned  by  many  authors  that^  inasmuoh  as  the  muscuhir  tissue  of  the 
lifiin  is  in  aliDOBt  coostaQt  action,  it  should  contain  more  creatine  than  any  other  portion 
^f  Uie  moscalar  syntem;  but  late  observations  on  this  point  show  that  the  reverse  of  this 
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i&  the  case.     In  compartng  the  proportion  of  creatine  in  the  heart  and  in  the  moBcli 
the  <?JctremitiL*s,  in  oxen  and  in  tht^  human  subject,  the  quantity  hiis  been  ibund  to  hul 
much  less  in  the  heiirt;  stilly  the  pruporlion  of  creatine  baa  been  found  to  be  greater  ui 
totanized  muscles  than  in  the  muscular  tissue  aj'ter  repose. 

From  the  raeagr^iness  of  our  fiicts  with  regard  to  the  phy>iolugieal  relations  of  creatine 
and  creatinine,  it  h  evident  that  theru  is  much  to  be  learned  before  we  ean  nnderstAndl 
the  process  of  their  formation  in  the  healthy  organism  and  tlie  probable  rei^ults  of  thctfl 
retention  or  deficient  elimination  in  disease.  At  present  we  can  only  say  that  those  priu* 
oiplos  are  probaldy  produced  in  greatest  part  in  the  muscular  tissue.  The  fact  that  cre- 
atine has  lately  been  demonstrated  in  the  brain  would  lead  to  the  supposition  Uiat  it  ia 
aL'^o  one  of  the  products  of  disassimilation  of  tlie  nervous  substance. 

The  average  daily  excretion  of  creatine  and  creatinine  is  estimated  by  Thudichum  at 
about  11*^  grains.  Of  this  he  estimate!^  that  4*5  grains  consist  of  creatine,  and  7  gnuiHs,] 
of  creatinine. 

Oxalate  of  Lhne.—Thm  salt  is  not  eoustnntly  present  in  the  noiinal  bumaii 
although  it  may  exist  in  considerable  quantity  without  indicatiug  any  pathological  < 
tion*    It  is  exoeedini^ly  iosoluble,  and  the  appearance  of  its  crystals,  which  are  commonly^ 
in  the  form  of  small,  regular  octahodra,  in  quite  characteristic.     According  to  Hohin,  j 
trace  may  be  retained  in  solution  by  the  chlorides  and  the  alkaline  pho^phate^  in  Uj« 
tirine.    This  salt  may  find  its  way  out  of  the  system  by  the  kidneyj*,  after  It  Las  bin^J 
taken  with  vegetable  food  or  with  certain  medicinal  substances.     The  ordinary  rhubarb^ 
or  pie-plant,  containis  a  large  quantity  of  oxulate  of  lime,  which^  when  this  artich*  i 
will  pass  into  the  urine.    It  i^  probable^  however,  t)mt  a  certain  quantity  of  oxalas 
may  bo  formed  in  the  organism-     Pathologists  now  recognize  a  condition  called  ouili 
charactorixed  by  the  appearance  of  oxalate-ol-lime  crystals  in  the  urinary  seditneftte^i 
sometimes  the  quantity  in  the  urine  is  so  large »  and  its  presence  is  so  con&tiuvt,  tliit 
forms  vesical  calculi  of  eon  side  ruble  size. 


from  tht  narmaifitftnitn  urifw,**}*  tfa  ni/dition, 
to  ths  urint,  qf  oantittit  of  amHkon  in .    C  Funkc.) 
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Ijia^Hnincb  m  putliologlcal  facts  have  shown  pretty  eonelumvely  that  oxalic  achl  may 
appear  in  the  system  without  beiuf:  introduced  with  the  food,  some  physiologist*  have  I 
endeavored  to  show  how  it  may  originate  from  a  change  in  certain  otlier  of  the  proxiniale  I 
principles  from  which  it  can  be  produced  artificially  out  of  the  body.     One  of  the  sub-  ^ 
stances  from  which  oxalic  acid  can  be  thus  formed  is  uric  acid.     It  remain*,  however,  to 
show  that  this  can  take  place  in  the  living  organism.     Woeblor  and  Frerichs  iijet*t(?d  l 
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mto  tlie  jagnlfir  vein  uf  a  dog  a  solution  coutaititB^  ubaot  tw<?nty-t4ireo  gnims  of  urate  of 
lyiiinoiila.  lo  tlie  urine,  tAken  a  short  time  after,  tlierc  was  ho  deposit  of  uric  add  !>ut 
tiicro  tt|ip«vAred  uumeroaa  crystals  of  uxaJate  of  lime.  Tho  smnM  result  tbllowed  m  the 
hutiiiui  tjnbjoct,  on  the  admiuiatration  of  sixty-seven  grains  of  urate  of  aiuoionia  by  tha 
mutli,  TJieso  questions  have  more  of  a  pathological  tlum  a  phyBiological  Lntcrest;  for 
I  quantity  of  oxalate  of  lime  in  the  normal  urine  is  tnisiguiticant^  and  (his  aall  does  not 
I  to  bo  i.*ottiieelcd  with  miy  of  the  well-kiiowu  processes  of  diaji&siiuilation. 

Xfinthin^,  Hypi^xantldm^  Leuelmy  Tyrtmiu\  and  Taunue>—^Tnu^Qs  of  xanthine  have 
bovo  found  in  the  nonn/d  human  urine,  but  its  proportion  has  not  been  estimated,  and 
w«  ara  sa  yet  bnt  imperfectlv  acquainted  with  its  phy^jiological  relations.     Under  pntho- 
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lf>^cal  conditions.  It  CK^casionally  existB  in  sufficient  quantity  to  form  urinary  calcnlj.  It 
hii«  Uetj  fiMind  in  the  liver,  spleen,  thymus,  pancreas,  muscJea,  and  brain-  It  is  in- 
•olnhle  in  \\i\Ut  but  b  wduhle  in  both  acid  and  alkaline  fluids.  Hyposauthinu  has  never 
fi#5*m  found  in  nonnal  urine,  although  it  exists  in  the  luuHcles^^  liver,  s^jleen,  and  thynias. 
t  '  \\M,^  in  the  pancrciis,  salivary  ^landa,  thyroid,  thymus,  suprarenal  capsules^ 
I  _'land^,  liver,  hmp-i^,  kidneys,  and  in  tlie  gray  substance  of  the  bruin.     It  haa 

r  in  the  normal  urine,     Tlie  sanie  remarks  apply  to  tyrosine  (although 

ly  distributed  in  the  economy),  to  taurine  and  cystine*  TIjc  la-nt  tvvo^ 
ljiifr«'ver,  i-uiit;iii]  suJ[»hnr,  and  they  may  have  peenliar  physiotogfeal  and  pathologicul 
relation!?  t bat  wo  do  not  at  present  understand. 

Tlteie  various  «iibstanceB  are  mentioned,  although  some  of  them  have  not  been  demon- 

^<t...^.,|  •,„  ||je  normal  nrine,  for  the  reason  that  there  is  evidently  much  to  be  learne<l 

reffanl  to  the  various  products  of  disassiniilation  as  they  are  represented  by  the 

II  nf  the  nnne.     While  nome  of  these  may  not  be  actual  proximate  principles, 

Tif*L's  produced  by  the  processes  employed  for  their  iXtraction,  some,  wfddi 

iImin  f;ir  been  dlKcovered  only  under  t>atbok>gical  conditions,  may  yet  b<*  found  in 

'    ii.  and  they  reprcj^ent.  perhaps,  important  physiological  acts, 

Faliff  M<itUri,^Fnt  and  fatty  acids  are  said  to  exist  in  tlio  normal  urine  in  eertain 
'luantity.  Their  prc»pnrtion.  however,  id  small,  and  the  mere  fact  of  their  prcBenee, 
Muly.  U  of  phv^ioloirit/iil  ititLtLst. 


Ittut'jf*Nfc   Const Uue/i( ft  of  the    Urine, 

It  lit  !»y  the  kidneys  that  the  greatest  quantity  and  vai'iety  of  inorganic  principles  «r6 
«li"charcfe4]  from  the  organism ;  and  it  is  probable  that  even  now  we  are  not  acquainted 
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with  the  exacit  proportion  and  condition  of  till  the  principles  of  this  class  contained  in 
the  urine.  In  all  the  processes  of  nutrition^  it  m  foond  that  the  inorganic  constituent*  of  ] 
the  blood  and  tissues  accompanj  the  orj^aiiic;  tnatteris  in  their  variouB  transformations, 
although  they  are  themselves  unchanged.  In  fjict^  the  condition  of  union  of  the  inorgnntc 
with  the  organic  principlea  is  so  intimate^  that  tliey  cannot  he  complotely  i!ieparatod  with- 
out incineration.  In  view  of  these  facts,  it  is  evident  that  a  certain  part,  at  leaat^  of  the 
inorganic  suits  of  the  urine  is  derived  from  the  tissues,  of  which^  in  corabination  with 
organic  matters^  they  have  formed  a  constituent  part.  As  the  kidneys  frequently  elimi- 
nate from  the  hlo<»d  foreign  matters  taken  into  the  system  and  are  capable  ^ometime^  of 
throwing  off  an  excess  of  the  normal  principles  which  may  be  introduced  into  the  cif- 
cnlation,  it  can  bo  readOy  imderstood  how  a  large  proportion  of  sc»me  of  the  inorganic 
matters  of  the  urine  may  be  derived  from  the  food. 

From  the  fact  that  the  inorganic  matters  discharged  in  the  urine  are  generally  the 
same  as  those  introduced  with  the  food,  and  that  they  vary  in  proportion  with  the  con- 
stltntioti  of  the  food,  it  is  difficult  to  ascertain  how  far  their  presence  and  quantity  in  the 
urine  represent  the  processes  of  disassimilation.  One  thing*  however^  is  certain :  that 
the  organic  constituents  of  the  food,  the  blood,  the  tissues,  and  the  urine,  are  never  with- 
out inorganic  matter  in  considerable  variety ;  and  it  is  more  tlian  probable  that  the  [ires- 
ence  of  these  salts  in  a  tolerably  definite  proportion  ijifluences  the  processes  of  absorption 
and  secretion  and  has  an  important  bearing  upon  nutrition  ;  but  we  are  as  yet  so  imper* 
fectly  aci|uainted  with  the  processes  of  nutrition  of  the  tissues,  that  we  caimot  foUow 
out  all  the  relations  of  the  inorganic  matters,  first  to  nutrition,  and  afterward  to  disaa- 
similation. 


Chlori^hs. — Almost  all  of  the  chlorine  in  the  urine  is  in  the  form  of  chloride  of  i 
diuin,  the  amoont  of  chloride  of  potassium  being  insignitifant  and  not  of  any  sp 

physiological  importance.  It  is  nnneceasary,  In 
this  connection,  to  describe  the  well-known 
properties  of  common  salt,  and  the  methods  for 
determining  \U  presence  and  proportion  in  Uie 
urine  are  fully  treated  of  in  ^vorks  upon  physi- 
ological chemistry.  All  that  we  have  to  con- 
sider is  its  importance  and  signiticttnco  as  a  uri* 
nary  constituent. 

By  reference  to  the  table  of  the  composition 
of  the  urine,  it  is  seen  that  the  pnjportion  of 
chloride  of  sodium  is  subject  to  very  great  vari-  \ 
ations,  t lie  range  being  from  three  to  eight  partjn ' 
|H'r  thousand.  This  at  once  suggests  the  idea 
tiiiit  the  quantity  excreted  is  dependent  to  a  ^ 
considerable  extent  upon  the  amonnt  taken  in 
with  the  food;  and,  indeed,  it  has  been  shown 
by  numerous  observations  that  this  Is  tlic  fact. 
The  proportion  of  chloride  of  8*>diiim  in  the  hhiotl 
seems  to  l>e  tolerably  constant ;  and  any  excess  that  maybe  introduced  i^  thrown  off 
chiotly  by  the  kidneys.  It  has  been  shown  conclusively  that  deprivation  of  common  salt 
in  til©  food  after  a  time  is  followed  by  serioti.s  disturhances  in  the  general  process  of 
nutrition  ;  and  it  is  an  acknowledged  fact  that  this  proximate  principle  is  a  constituent 
of  every  tissue  of  the  body,  exce[)t  the  enamel  of  the  teeth-  As  the  chlorides  are  de- 
posited with  the  organii^  mtitter  tii  all  the  acts  of  nutriliun,  they  are  found  to  be  elimi- 
nated constantly  with  the  products  of  disassimilation  of  the  nitrogenized  parts,  and  their 
absence  from  the  food  does  not  completely  arrest  their  discharge  in  the  urine.  Accord- 
ing to  Robin,  by  suppressing  salt  in  the  food,  its  daily  excretion  may  be  reduced  to  from 
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Uiiity  to  fort)r-five  grams,  the  normal  quantity  Ueifig  from  one  hundred  and  Hitty  to  one 
bimdred  aod  sixtj  grains.  This  quantity  is  less  than  the  amount  containud  in  the 
uigesta,  and  under  these  circumstances  tht^re  is  a  gmdual  dimiutitiou  in  the  niitritiTe 
fte^viijT.  **Thifl  fact  demonstrates  the  neeessity  uf  adding  chloride  of  sodium  to  the 
fbod/^  It  Is  an  interesting  patltoIogicAl  fact  that^  in  ail  acute  fehrile  disorders^  the  pro- 
portion of  chlorine  in  the  nrtne  rapidly  dLminisht^s  and  is  frequently  reduced  to  one  liun- 
dredtli  of  the  normal  amonnt.  The  quantity  rapidly  increases  to  the  noimal  standard 
ilnraig  convalescence.  Moat  of  the  chlorides  of  the  urine  are  in  simple  watery  solution; 
bat  a  cert4iin  proportion  of  the  chloride  of  sodium  eiist*;  in  combination  with  urea. 

The  daily  elimination  of  chloride  of  sodium  is  about  one  hundred  and  fifty*four  grains 
bin  K     The  great  variations  in  its  proportion  in  the  urine,  under  different  conditions 
alimentation,  etc.,  will  explain  the  differences  in  the  estimates  given  by   various 
aothonties. 


k 


^kUphai€§, — There  is  very  little  to  be  said  regarding  the  sulphates,  beyond  the  general 
eU(a«llt6  we  have  made  concerning  the  inorganic  principles  of  the  urine.  The  propor- 
tion of  tbese  aalts  in  the  urine  is  very  much  greater  than  in  the  blotwl,  in  which  there 
tiifta  onJy  about  0'28  of  a  part  per  thousand.  laasmueh  as  the  proportion  in  the  urine  is 
from  three  to  seven  parts  ^>er  thousand,  it  seems  probable  that  the  kidneys  eliminate 
tb«»e  principles  as  fa»l  tm  they  find  their  way  into  the  circulating  fluid,  either  from  the 
food  or  from  the  tissues.  Like  other  principles  derived  in  great  part  from  the  food,  the 
normal  variations  in  the  proportion  of  sulphates  in  the  urine  are  very  great.  It  is  unne* 
r«iaarT  to  consider  in  detail  the  vw'iations  in  the  amount  of  sulphates  discharged  in  the 
ttr!ae,  depending  upon  the  ingestion  of  ditlerent  salts  or  upon  diet,  for  all  the  recorded 
cterTfttiotia  have  been  followed  by  the  same  results,  and  they  show  that  the  ingestion  of 
«ll{iliAl«a  in  quantity  is  followed  by  a  corresponding  increase  in  the  proportion  eliminated, 

Thodichum  estimates  the  daily  excretion  of  aulphurlc  acid  at  from  23  to  58  grains. 
Ammang^  witi»  Rubin,  that  the  sulphates  consist  of  abi>ut  e<iuol  parts  of  sulphate  of 
IHitawa  and  sulphate  of  soda,  with  traces  of  sulphate  of  lime,  the  quantity  of  salts  wouhl  he 
from  S2*5  to  it7*5  grains  of  sulphate  of  potassa  and  an  equal  quantity  of  sulphate  of  soda. 

Ph4f$phQU4. — The  urine  contain!*  phosphates  in  a  variety  of  forms ;  but,  inasmuch  as 

it  i»  not  known  that  any  oue  of  the  different  combinations  possesses  jieculiar  relations  to 

K-ess  of  disjisT^imilaiion,  as  distinguished  from  the  other  phosjjhatesj  the  phosphatio 

liny  be  considered  together* 

Ti»e  remarks  which  we  have  just  made  with  regard  to  the  chlorides  jmd  the  sulphates 

are  iipfdicable,  to  a  certain  extent,  to  the  phosphates.     These  salts  exist  constantly  in  the 

ttrine,  and  they  are  derived  in  part,  from  the  food  and  in  part  from  the  tissues.     Like  otlier 

lii.itters,  they  uro  imited  with  the  nitrogenized  elements  of  the  organism,  and, 

lire  changed  into  excreraentitious  principles  and  are  separated  froni  the  blood 

1i,^  itit  kidneys,  they  pass  with  them  and  are  discharged  from  the  organism, 

ft  h«  cornea  a  ([uestioo  of  importance,  now%  to  consider  how  far  the  phosphates  are 

III  the  tis5ue€«,  and  what  proportion  <Nimes  directly  from  the  fcKHl     This  point 

interesting,  from  the  fact  that  phosphorus  has  been  shown  to  exist  in  the 

,  and  it  has  been  inferred  that  the  excretion  of  phosphates  represents,  to  some 

-.M.u  iu«  [ihysiological  wear  of  the  nervous  system. 

All  obiiervers  agree  that  the  qtiantity  of  phosphates  in  the  urine  is  in  direct  relation 

M(>d,  and  that  an  excess  of  phosphates  taken  into  the  stomach  is 

the  kidneys.     It  is  a  familiar  fact,  indeed,  thai  the  phosphates 

.t  iiud  the  utrhonatcs  [>redominate  in  the  urine  of  the  herbivora,  while  Uie 

I  Limtiu  the  carnivora,  and  that  variations^  in  this  resfject,  in  the  urine,  may  be 

l'n«itic<H|  by  feeding  animals  with  different  kinds  of  fofxL     Verdeil  made  some  very 

^nteffdling  comparative  anal^vse&  of  the  blood  for  the  alkaline  phosphates  in  the  h*  rl.hnrji 
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the  earnivora,  and  in  mail.     He  found  tiie  proportion  Terj  amal]  m  the  ox,  as  compared 
with  the  do^%  and  intermediate  in  the  human  subject     The  proportion  of  phoi^phatc*  in  1 
tlie  blood  ol'  tJjc  dog  was  greatly  diminished  by  feeding  with  potato.     Deprivation  of  food  I 
diminishes  the  quantity  of  phosphati^s  in  the  nrine,  but  a  certain  proportion  is  discharge*!, 
which  is  derived  excluaiTely  from  the  tit^sues.     We  hove  already  noted  the  fact  thtit  rim  j 
pro<lut't8  of  disassimilation  of  the  iiitroj^eDized  principle:?  are  never  discharged  in  heaJUi 
without  being  accompanied  with  certain  inorganic  salts,  auch  aa  the  chloridea,  sulphates^  | 
and  phosphates. 

In  connection  with  the  fact  that  phosphoric  exkts  (in  precisely  what  condition  it  iiij 
not  known)  in  the  nervont*  matter,  it  has  been  stated  that  nient;U  exertion  ii4  ulwa,vei| 
attended  with  an  increase  in  the  eliininution  of  phosiphales;  and  tliia  has  been  advanced  Ui\ 
support  the  view  that  these  sait^  are  specially  derived  from  diKassiiiiilalion  of  the  brain- 1 
substaDce.  Experiments  show  that  it  'da  not  alone  ttie  phosphates  that  are  increased  in  [ 
quantity  imder  these  eonditious,  but  nrea,  the  chlondeis  sul[diateB,  and  inorganic  matters  j 
generally;  and,  in  point  of  fact,  any  physioiogical  conditiona  which  increaae  the  pro-] 
portion  of  nitrogeni^ed  excrenientitif>U8  principles  increase  us  well  the  elimination  of  [ 
iDorganic  matters.  It  cannot  be  assumed^  tliereforo,  that  the  discharge  of  phosphates  \m\ 
specially  connected  with  the  activity  of  the  brain.  Wo  learn  nothing  from  pathology 
upon  this  point,  for,  althougli  nntnerous  observations  have  been  made  upon  tlie  ejccretion  1 
•of  phosplioric  acid  in  disease — Yo^el  having  made  about  one  thoutiand  different  analyses  j 
in  vari<jUH  atfections— no  delinite  reeults  have  been  obtained.  From  these  facts  it  is  seen] 
that  there  is  no  physiological  reason  why  we  should  connect  the  elimination  of  tlie  pbos-l 
phates  with  the  disassimilation  of  any  particular  tissue  or  organ,  especially  as  these  Nkit^l 
in  some  form  are  universally  distributed  in  the  organism. 

Observations  have  been  made  upon  the  hourly  variations  in  the  discharge  of  pli4i»»-j 
phorio  acid  at  ditterent  periods  of  the  day  :  hut  these  do  not  appear  to  bear  any  abs«olatoj 
relation  to  known  physiologicid  conditions,  not  even  to  the  proi-ess  of  digestion. 

Of  the  ditferent  jifiosph/itic  salts  of  the  urine,  the  most  important  are  those  in  wliich] 
the  acid  is  combined  with  soda*     Tliese  exist  in  the  form  of  tlie  neutral  and  acid  phos- 
phates.    The  acid  salt  has  one  equivalent  of  the  base  and  is  supposed  to  he  the  source  of 
the  acidity  of  the  urine  at  the  moment  of  it»  emission.    The  so-called  neutral  salt  ia 
slightly  alkaline  and  hns  two  equivalents  of  the  ba«\    The  proportion  of  the  phospbntes] 
of  soda  in  the  nrine  is  larger  than  that  of  any  of  tlio  other  phosphatic  salts,  but  the  daily  | 
amount  excreted  has  not  been  estimated.     The  phosphate  of  magnesia  is  a  constant  eon- 1 
stituent  of  tlie  urine,  as  well  as  the  acid  and  the  basic  phosphate  of  lime.     The  daily  | 
excretion  »)f  phoHj)hate  of  magnesia  amounts  to  from  7*7  to  1 1  -8  grains,  and  that  of  the  pho&-  [ 
phates  of  lime,  from  47  to  5-7  grains.     According  to  Robin,  there  always  exists  in  this  J 
urine  a  small  quantity  of  the  ammonio-magnesian  phosphate,  but  it  never,  in  health,] 
exists  in  sullicient  quantity  to  form  a  crystalline  deposit.    The  daily  excretion  of  the  phof^l 
phates  ia,  as  we  have  seen,  subject  to  great  variations,  but  the  average  quantity  of  phoa-l 
phoric  acid  excreted  daily  may  be  estimated  at  about  tifty  grains,  or,  more  iM!curftt«lyJ 
fifty-six  grains. 

The  urine  contains,  in  addition  to  tlie  inorganic  |>rinciples  above  described,  a  ^maJli 
*|uantity  of  silicic  acid;  but,  as  far  as  we  know,  this  hns  i\o  physiological  im[K»rtani»e* 


ColortNf/  Matter  and  Murus, 

The  peculiar  color  of  the  urine  is  dne  to  the  presence  of  a  nitrogenized  prindple 
known  to  physiologiral  chemists  under  a  variety  of  names.     We  have  mentioned  it  in  thtrl 
table  as  urrosacine,     it  is  also  called  urochrome,  urohfomattne.  uroxan thine,  and  purpu- 
fine.     We  have  no  accurate  account  of  it^  nltimato  com|»ositiorv  and  nil  that  is  known 
about  its  constitnent.s  is  thai  it  contains  carbon,  oxygen,  hydrogen,  and  nitrogen,  trnd  , 
probably  iron.     Altliough  its  exact  ultimate  composition  is  not  absolutely  settled,  its  oon-1 
^titucnts  are  supponed  to  be  nearly  the  same  as  those  of  the  coloring  matter  of  the  bloody ' 
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Mtl(^in(pffni<in  of  <*xygeu  being  very  mnob  greater.     These  facts  point  to  tlie  probability 
of  the  foriUtttiMii  of  urroHftcine  from  hiemagbibiue- 

Tbe  «|iifiiitity  of  coloring  matter  in  ibo  nomjal  urine  is  very  smalL  It  is  subject  to 
0Oikiy«rable  THfiatiun  in  tlisease,  and  alnioi^t  always  it  is  fixed  by  deposits  and  calculi  of 
mio  add  or  die  urates,  giving  them  their  peculiar  color.  This  principle  first  makes  its 
■ppMinitic<»  in  the  urin<?  and  h  probably  formed  in  the  kidneys.  So  little  is  known  of  its 
phyviologic&l  or  pathologicul  relations  to  the  organism,  that  it  does  not  seem  necessary  to 
follow  out  all  of  tlie  chemical  details  of  its  behavior  in  the  presence  of  different  reagents. 
Th^  norfiiul  urine  always  contains  a  small  ijuuntity  of  mneus,  with  more  or  less  epi- 

Etiiciiuin  from  fbe  urinary  passages,  and  a  few  leucocytes.  These  form  a  faint  cdoiid  in 
|ba  lower  strata  of  heaUhy  urine  after  a  few  hours'  repose.  The  properties  of  the  differ- 
mt  kind*  of  iniicua  have  already  been  considered.  An  important  peculiarity,  however, 
of  Uie  mucus  cont^iined  in  normal  urine  is  that  it  does  not  seem  to  excite  decomposition 
of  the  area,  and  that  the  urine  may  remain  for  a  long  time  In  the  bladder  withoat  iinder- 
gpiag  any  putrefactive*  change. 
p  Cktsts  of  the   Urine, 

tn  the  process  of  separation  of  the  nrine  from  the  blood  by  the  kidneys,  a  certain 
proportion  of  the  gases  in  solution  in  the  circulating'  tluid  is  also  removed.  For  a  long 
time,  indeed,  it  has  been  known  that  the  noruud  human  nrine  contained  different  gasets, 
but  latdy  some  very  interesting  observations  on  this  subject  have  been  made  by  M, 
Morin*  in  which  the  proportions  of  the  free  gases  in  solution  have  been  accurately  esti- 
BUlcd.  By  using  the  method  employed  by  Magnus  in  estinuitin^'  tlie  gases  of  the  blood, 
Morin  was  able  to  extract  about  two  and  a  half  volumes  of  gas  from  a  Imndred  parts  of 
ttiinc.  By  careful  eacperiments,  he  ascertained  that  a  certain  quantity  of  gas  remained  in 
tb<n  arirre  and  could  not  be  extracted  by  his  ordinary  process.  This  amounted  to  about 
«»tie  fifth  of  the  whole  volume  of  gas.  Adding  this  to  the  <|uantity  of  ga^  extracted,  he 
tibtaitied  the  proportions  to  one  litre  of  urine,  in  cubic  centimetres,  which  are  given  in 
i\\t  tnhlo,  vis. ! 

0-824 
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These  proportions  represent  the  average  of  fifteen  observations  upon  the  urine  secret€tf 
'IttHniE  the  night. 

The  profMirtion  of  these  gase*  was  found  by  Morin  to  be  subject  to  certain  variations^ 
^  ''%  all-er  the  inge«^tion  of  a  considerable  quantity  of  water  or  any  other  liquid, 

Htn  of  oxygen  was  considerably  increased  (from  n'824  to  1*024),  and  the  car- 
Wiiir  Brnl  was  diminished  more  than  one-hnlf.  The  most  interesting  variations,  how- 
v%9T,  wore  in  connection  with  muscular  exercise.  Alter  walking  a  long  distance,  the 
*i«r(l*e  being  taken  both  before  and  after  eating,  the  ijuautity  of  carbonic  acid  was  found 
to  U  double  tliat  contained  in  the  urine  after  repose.  The  proportion  of  oxygen  was 
^trjr  diichlly  diminished,  and  the  nitrogen  was  somewhat  increased.  The  variations  of 
^tie« ;:  "       *'ver,  were  insignificant, 

^"  Tis  the  great  increase  in  the  proportion  of  carbonic  acid,  by  the  greater 

ly  during  exercise.     It  U  well  known*  indeed,  that  muscular  exercise 

^  the  proportion  of  carbonic  acid  in  the  blood  nnd  theqnuntity  eliminated 

"f  ihe  ltin;nt:  and.  as  the   carbonic  acid  of  the  urine  is  undoubtedly  derived  iVofti  the 

'►^'•'>*1,  wo  shonhl  expei^t  that  the  same  conditions  won  hi  increase  its  proportion  in  this 

^tietioiu 

ft  b  not  probable  that  the  kidneys  are  very  important  as  eliminators  of  carbonic  acid 
frotn  tilt*  •y§t<?m,  but  it  is  certain  thiit  the  presence  of  this  gns  in  the  urine  assists  in  the 
•olotion  of  wuie  of  the  ialine  constituents  of  this  fluid,  notably  the  phosphates. 
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Variations  in  the   Composition  of  th<    Crine. 

The  urine  represents,  in  iU  varied  ccmstituentB^  not  onlv  &  i^^reat  part  of  the  jihyslDla 
gical  disiiitegnitioD  of  the  organiaoi,  but  it  eontoins  elements  evidently  derived  from  th4 
food.     Its  coustitution  is  varying  with  every  diiFert*nt  condition  of  nutritiun,  witii  exer 
cise,  bodiJy  and  mental^  with  «leep,  age,  sex,  diet,  respiratory  activity,  the  quantity  « 
cutaneous  exljalation^  and,  indeed,  wilb  every  eondition  that  affeets  any  [lart  of  the  sy*-! 
tern.     Tliere  is  no  tiuid  in  the  body  tljat  contains  such  a  variety  of  principles,  as  a  con-^ 
slant  condition,  but  in  which  the  pro(>ortion  of  these  prineiples  is  so  variable.     It  it*  fo^ 
this  reason  that  we  have  given  in  the  table  of  the  composition  of  the  urine  the  ordina 
limits  of  variation  of  its  ditferent  constituents ;  and  it  has  been  found  necessary,  in  treat- 
ing of  the  individual  excrenientitioou  principles^  tu  refer  to  some  of  the  variations  in  theigj 
proportion  in  the  urine.     In  treating  more  sjwcialiy  of  the  physiological  variations  of 
urine,  we  shall  only  refer  In  general  terms  to  conditions  that  produce  wide  and  importonlj 
changes  in  the  proportion  of  its  constituents;  and,  under  the  head  of  nutrition,  w**  aha 
consider  Imw  far  the  absolute  quantities  of  the  urinary  principles  and  other  excreinenti-J 
tioui*  substances  represent  the  physiological  waste  whicli  is  always  coincident  with  th 
repair  of  the  ports. 

Variatiom  with  Ag^  and  Sfx. — There  are  decided  differ«ueea  in  the  composition  oi 
the  nrlne  at  different  periods  of  life  and  in  the  sexes.  Thea«  undoubtedly  depend  \t 
part  upon  the  different  conditions  of  ntitntion  and  exercise,  and  in  part  upon  differenc 
in  the  food.  Although  tJje  quantities  of  excrementitious  matters  present  great  varia- 
tions, their  relations  to  the  organism  are  not  materially  modified,  except,  perhajJSs  at  an 
early  age ;  and  the  tntluenee  of  sex  and  age  operates  merely  as  these  conditions  afact  ih 
diet  and  the  general  habits  of  life. 

It  is  stated  by  most  authors  that  the  urine  of  the  fa>tus  is  highly  albuminous  and  con-^ 
tains  no  urea ;  but  examinations  of  the  urine  in  the  ftrtua  and  newly  born  have  been 
i^ix^  that  we  know  very  little  regarding  its  constitution  and  normal  variations.     The 
searches  of  the  authorities  un  this  aubject,  tiuoted  by  Parkes,  leave  the  question  of  tli4 
composition  of  the  urine  in  the  f(t4u9  and  during  the  first  days  of  extra-uterine  Md 
fltOl  uncertain.     In  a  specimen  of  urine  taken  from  a  still-born  child  delivered  with  for 
ceps,  exarained  by  Drs,  Elliot  and  Isaacs,  the  presence  of  urea  was  detennined.     DrJ 
Beale  found  urea  in  a  specimen  taken  at  the  seventh  month. 

With  our  present  imperfect  knowledge  of  the  composition  of  the  anne  at  the  oarluB 
periods  of  existenoe,  it  is  impossible  to  deduce  any  conclusions  regarding  the  production 
of  the  oxcromentitious  principles  at  thia  time  ;  and  it  would  be  unprofitable  to  detail  Ih^ 
unsatisfactory  and  contlicting  examinations  to  be  found  in  works  devoted  spociaDy  to  th^ 
urine.  Observations  upon  children  between  the  ages  of  three  and  seven  are  more  definit 
At  this  period  of  life,  the  amount  of  urea  excreted  in  pr«>[M>rtion  to  the  weight  of  the  UkIj 
is  about  double  that  in  the  adult.  The  amount  of  chlorine  in  irhildren  is  about  thre 
times  die  quantity  in  the  adult ;  and  the  i)roportiiniate  amount  of  other  solid  matters  1 
also  greater.  The  amount  of  water  excreted  by  the  kidneys  in  children,  in  proportioii 
to  the  weight  of  the  body,  is  very  much  greater  than  in  the  adult,  being  more  thafl 
double.  From  eight  years  of  age  to  eighteen,  the  urinary  excretion  becomes  graduallj 
reduced  to  the  iu\n\t  standard.  It  has  been  observed  that  crystals  of  oxalate  of  \mxt 
lire  much  more  fre<|ueDt  in  the  urine  of  eluldren  between  four  and  fourteen  years  of] 
age  than  in  the  adult. 

There  are  not  many  definite  observations  on  record  upon  tbc  compositioQ  of  the  urin^ 
in  the  later  periods  of  life.  It  has  been  shown^  however,  tliat  there  is  a  decided  dimi-^ 
nution,  at  this  time,  in  the  excretion  of  urea,  and  that  the  absolute  quantity  uf  urine  19 
somewhat  smaller. 

The  absolute  quantity  of  the  urinary  excretion  in  women  is  less  than  in  men^  and  th€ 
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rtrue  t)f  the  profiortionate  amount  of  the$io  principles  to  tlie  weight  of  tlie  body  ; 
iHin,  ill**  <litTercncc]»  in  the  proportionate  esccretiuD  aro  Dot  very  markeil,  aod  Um  amount 
of  all  those  principles  being  subject  to  modifications  from  Uie  same  causes  as  in  men,  the 
mMH  d«6ci#nejt  in  the  tew  direct  observations  upon  record,  may  be  in  part,  if  not 

jr,  cxplaine*J  by  the  fact  that  women  usually  perform  los^  mental  and  physical  wink 
d^  and  that  their  dlp^stive  system  in  generally  not  no  active* 

Varuition*  <tt  I^^erenl  S^asota  and  at  Jj^w^mt  Periods  of  thf  jMty, — The  changeB 
Inthtf  qnautity  and  comiiosition  of  the  urine  wliich  may  be  directly  referred  to  the  con- 
ditions of  digeslion,  lt?inp4?rutureT  sleep,  exercise,  etc.,  have  long  been  reco^nixed  by 
physiologist? ;  bnt  It  la  diflicult,  if  not  impossible,  so  to  separate  these  influencea,  tliat 

tmo  modifying  value  of  each  can  be  fully  appreciated.    For  examjile,  there  ia  nothing 

rh  produces  such  marked  variations  in  the  composition  of  tl»e  urine  as  the  digestion 
So  marked,  indeed,  U  its  influence,  that  some  writers  of  authority  incline  to 

MM  that  the  greatest  part  of  wliat  have  been  regarded  as  the  most  important 
ixcrvBitiitilioiifl  matters  is  derived  from  the  food  and  not  from  physiological  disintegration 
of  tho  tbsaeiL  Under  strictly  physiological  conditions,  the  modifying  influence  of  dig&s* 
toi  Tonat  always  complicate  obi^ervations  upon  the  effects  of  exercise,  sleep,  season, 
period  of  the  day,  etc. ;  and  the  urine  is  continually  varying  in  healthy  with  the  physio- 
logical  tnods6cntlona  in  the  other  processes  aud  conditions  of  life.  It  will  be  sufficient 
lir  our  purpose  to  note  the  most  important  of  these  variations  and  to  endeavor  to  appro- 
cttta  the  eondttiona  which  combine   to  produce  them,  asiiigning  to  each  oue  its  proper 

h%  dUferent  seasons  of  the  year  and  in  different  climates,  the  urine  presenta  certain 
fftriatiocis  iu  its  quantity  and  compodtion.  It  seems  necessary  that  a  tolerably  definite 
<}iliBtity  of  water  tihould  be  discharged  from  tlie  bcnly  at  all  times;  and,  when  the  tern* 
penltirp  or  the  hygrometrio  condition  of  the  atmosphere  is  favorable  to  the  action  of  tlie 
ildlif  as  in  a  wann,  dry  cliniate^  the  qaantity  of  water  in  the  urine  is  diiuini^hed,  and  ita 
|VQ^ortion  of  solid  matters  is  correspondingly  increasetl.  On  the  other  hand,  the  reverse 
obtains  wht?n  the  action  of  the  skin  \^  diminisheil  friim  any  cause.  This  fact  is  a  matter 
ofrummon  remark  as  well  a**  of  scientific  observation. 

At  different  periods  of  the  day,  the  urine  presents  constant  and  important  variations, 
lib  widrnt  that  the  specific  gravity  must  be  cunj^tantly  varying  with  the  proportion  of 
witpT  and  solid  constituents.      According  to  Dalton.  the  urine  first  discharged  in  the 

"■  *i!r  i#  dense  and  highly  colored  \  tluit  passed  during  the  forenoon  is  pale  and  of  a 

'  ific  pravity ;  and  in  the  afternoon  and  evening  it  is  again  deeply  colored,  and  ita 
ity  is  increased.  The  acidity  is  also  subject  tu  tolerably  definite  diurnal 
hich  have  already  been  noted. 

TitriationB  produced  by  Food,^Kn  immense*  nmnber  of  observations  have  been  made 

M  inf1uem>  of  ordinary  tbod  and  upon  diet  restricted  to  particular  articles.    These 

jve  necessarily  been  considered  more  or  less  fuily  in  connection  with  the  ortgitt 

nHttary  con>*t)tuontn;  but  it  is  important,  in  studying  the  intluence  of  muscular 

T     ntal  efforts  etc.,  to  constantly  bear  in  mind  the  variations  occurring  under 

'  of  tlie  ingeRta. 

H  ^/  uids  generally  increas^e  the  proportion  of  water  in  the  urine  and  dimin- 

i»h  U»*.  I  avity.      This  is  so  marked  after  the  ingef?tion  of  large  ijuantities  of 

^uid»,  tiiat  thi-  urine  passtsd  under  these  ccmditlons  is  H<.»metime!*  spoken  of  by  pbya- 

ir^^"^*  as  the  nrina  pofus.     This  must  be  borne  in  mind  in  clinical  examinations  of 

tii»  arioe.     It  b  a  curious  fact,  however,  that,  when  an  excess  of  water  has  been  taken 

f  •»  "nrpoe<e  of  experiment,  the  diet  being  carefnlly  regulated,  the  absolute  amount  of 

Hitters  excrcUrd  is  considerably  increased.     This  is  particularly  marked  in  the 

■"■=1,  bat  if  is  noticeable  In  the  sulphates  and  pbo.^phatcs,  though  not  to  any  great 
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extent  Id  tbo  chlorideB,     The  results  of  oxperimcnts  upon  thb  pomt  seem  to  show  febat 
water  tukt^n  in  i-xct'ss  increases  the  activity  of  disa^siiuilation. 

The  ordinary  ineab  invariably  increase  tiie  aolid  constituent*  of  the  urine,  tlio  mutii, 
constant  and  unifurm  increase  being  in  the  proportion  of  nre^i.     This,  liowt;vt*r,  depen* 
to  a  g;reat  extent  upon  the  kind  of  food  t4iken.     The  increase  it}  UHually  noted  during  tl 
first  hour  after  a  meal,  and  it  attains  its  maximum  at  the  third  or  fourth  hour.     The  inor 
ganio  matters  are  increased  as  well  as  the  excrenieotitious  principles  proper,     Tlio  aline 
passed  after  food  has  heen  called  nrlna  oibi,  under  the  idea  that  it  is  to  be  distinguished 
from  the  urine  supposed  to  be  derived  exclusively  from  di^aj^similatlou  of  the  body,  whicl 
is  called  the  urina  san^niinis. 

It  is  an  JDtcTe^ting  and  important  question  to  determine  the  inflaence  of  differeni 
kinds  of  food  npon  t!io  composition  of  the  urine,  particuJarly  the  comparative  effects  of 
nitrogenized  and  a  non-nitrogenized  diet.  I^hmann  has  made  wmo  very  striking  obser- 
vations upon  tbist  point,  and  hi»  results  have  been  fully  confirmed  by  many  other  physi 
ologists  of  authority.  Without  discussing  elaborately  all  of  these  obaervatioDS»  it 
sufficient  to  state  tliat  the  ingofition  of  an  exceaa  of  nitrogenized  principles  always  pro 
duced  a  great  increa^^e  in  the  proportion  of  the  nitrogenized  constituent.^  of  the  urin^ 
particularly  the  urea.  On  a  non-nitrn|renizcd  diet,  the  proportion  of  urea  was  found 
be  diminished  more  than  one-half.  The  results  of  the  experiments  of  Lehmann  are 
striking  that  we  quote  them  in  full; 

'*My  experiments  show  that  the  amount  of  urea  which  is  excreted  is  extreittel 
dependent  on  the  nature  of  the  fooil  which  has  been  previously  takeu.     On  a  purely  ajii 
nial  diet,  or  on  tbod  very  rich  in  nitroj^en^  lliere  were  often  two-tifths  more  urea  excrel 
tlian  on  a  mixeil  diet;  while,  on  a  mixed  diet,  there  was  almost  one-third  more  tlian  oi 
a  purely  vegetable  diet ;  while,  finally,  on  a  non-nitrogenous  diet,  the  amount  of  ure*? 
was  less  than  half  the  quantity  excreted  during  an  ordinary  mixed  dieL 

**  In  my  experiment.-*  on  the  intluence  of  various  kinds  of  foo<l  on  the  animal  oricanisi 
and  especially  on  the  urine,  I  arriverl  at  the  above  results,  which  in  mean  numbers  nu 
be  expressed  as  follows:  On  a  well-regulated  mixed  diet  I  discharged^  in  twonty^foi 
hours,  82*5  grammes  of  urea  (I  give  the  mean  of  fifteen  obi^ervationH) ;  on  a  purely  ani 
raal  diet,  53*2  gramme:^  (the  mean  of  twelve  observations) ;  on  a  vegetable  diet,  22* 
grammes  (the  mean  of  twelve  observations);  and  on  a  non-nitrogenous  diet,  15-4  grammeo' 
(the  mean  of  three  obaer  vat  ions)/' 

With  regard  to  the  influence  of  food  upon  the  inorganic  con^ttltuent^i  ol  the  urine, 
may  he  8tate<l  in  general  terms  that  the  ingestion  of  mineral  substances  increases  the 
pn>portion  in  the  excretions.     We  hare  already  alluded  to  this  fact  in  treating  of  Un 
ditierent  inorganic  salt^u 

There  ai*e  certain  articles  which,  when  taken  into  the  system,  the  diet  being  nsgulan 
seen*  to  retard  the  f^rocess  of  disassimilation ;  or»  at  least,  they  diujinisb,  in  &  mark 
manner,  the  anjotmt  of  matters  excreted,  particularly  urea.     Alc<ihol  has  a  very  dtn^ide 
mflucnce  of  this  kind,     lt«  action  may  be  modified  by  the  presence  of  salts  and  othei 
tnatters  in  the  ditlVrent  alcoholic  beverages,  but>  in  nearly  all  direr t  experimenti^  ale 
hoi,  either  taken  under  normal  conditions  of  diet,  when  the  diet  is  deficient,  or  wh*^D 
is  in  excess,  diminishes  the  excretion  of  urea.     The  same  may  be  stated  in  general  tei 
of  tea  and  coOee. 


h^ 


Iftfluon^  qf  MusrtLlar  EbtfrciiHi. — There  can  be  no  doubt  tJiat  muscular  eiercise,  ander 
ordinary  conditions  of  diet,  increases  the  pro[iortion  of  mrmy  t>f  the  solid  constituents  ol 
the  urine,  particularly  the  urea;  but  it  must  be  remembered,  in  couHtderiu^f  the  efiec 
of  ejfereist^  upon  the  elimination  of  excreuicntitious  tnatters,  that  the  modifications  in  th' 
urine  productnl  by  food  are  very  con^ideralde.     We  have  purposely  considere<l  the  infiu 
ence  of  food  before  taking  up  other  modifying  conditions,  so  aa  to  make  apy>arcnt  an 
importafit  element  of  error  in  some  recent  obs^ervations  which  are  at  variance  with  tha« 
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ftflfiltig  iden»on  iliis  sabject.  Whcri|  for  exiiTuiiIc^  it  him  beeu  sliown  that  r«;t»lricUoii 
tu  n  0011- nilroir^uo lis  diet  will  iiiimedbtely  dimiuitth  the  dallv  elimination  *>f  tireu  iiioi^ 
thAii  4>t)e-lmlf»  it  is  evident  tbat  the  diet  rnUBt  aivi'ajs  bo  fully  ouDMderud  in  i*X[H<niut!nt5 
ujM>a  tlie  f»lftfcU  of  wJtt»rci&e  or  af  other  modifying  circ^utnstunees. 

There  ia  another  iruiiort»nt  iMjint^  also,  which  in  iir>t  always  tuktn  into  runsideratitm 

in  lompartitivf  c»bst?rvatioti3  uj»on  tlie  absolute  quantities  of  urea  eliminated  during  exer* 

and  tbftt  is  the  elimination  of  this  principle  by  the  cntaneonij  *iurface. 

v  seen  that  iirea  is  a  couHtiint  constituent  c»f  the  sweat,     SjKjck,  vvbo 

Nuind  that  exercise  nsually  inrreu^d  the  ehniination  of  escreniuntitiou»  inatterts  noted 

tiu  lari  Umt  urea  was  not  increased  in  the  urine  when  the  sweat  was  very  abundant. 

A  very  elaborate  analysi!$  of  tlie  principal  obHervationB  on  this  snbjeet  by  Parkos 

^how*  the  discrepancies  in  the  experiments  of  different  autliors  and  points  out  seTeral  of 

tli^  m>tirees  of  error.     The  wei|tl*t  of  experimental  evidence  Ibrmerly  was  decidedly  in 

fiviir  of  an  increase  in  the  eliinlnation  of  urea  by  exercise;  and  the  observations  opposed 

tothiM  view  involved  lnaccuracie»  which  would  explain,  in  ]mrt  at  least,  t!ie  contradictory 

results  obtained.     Lately,  however,  new  obaorvation*  have  been  made,  which  are  asimined 

l»5!>#wne  to  show  an  actual  diminution  by  exercino  in  the  tpiantity  of  urea  excreted.     Fiok 

KQil  Winlicenns,  Fran kl and,  ajid  Haughton,  have  attempted  to  show  that  this  i»  the  fact, 

«Dd  IbeiM?  pbysiologists  have  eome  to  the  eonchision  that  muscular  force  involves  chiefly 

llt«  consumption  of  non-nitrogenous  principles  and  the  production  of  carbonic  acid. 

Wbile  the  experiments  upon  this  subject  have  been  so  meagre,  it  would  be  unprufitjible  to 

«itef  into  an  elaborate  discussion  of  their  merits,  particularly  as  they  have  not  been 

<iir»'ded  speciidly  to  the  influence  of  exercise  upon  the  composition  of  the  urine,  but  to 

Oie  ^imount  of  raoHcular  power  developed  by  ditterent  kinds  of  foixi.     This  subjeet  baa 

ri  ntfiuced  to  such  an  absolute  certainty  that  we  are  able  to  calculate  mathematl- 

.    1 10  heat'Units,  the  digest i on-coetlic lent s^  and  the  amount  of  "  work '^  produced  by 

iBT  given  quantity  of  food  ;  and  such  calculations  cannot,  as  yet,  take  the  place  of  actual 

■"'"  r-fTicntal  observations.     What  we  want  to  know  is  the  raeasuralile  influence  of  mua- 

\crcise  upon  the  proportion  of  certain  of  the  constituents  of  the  urine,  under  nor- 

'liJii  alimentation,  every  other  modifying  condition  being  taken  into  account.     There  cau 

W  no  doubt  that,  under  an  ordinary  mixed  diet,  the  elimination  of  urea  is  incrcfised  by 

eierriiie-    Kick  and  Wislieenua  made  tlieir  observations,  extending  over  a  period  of  between 

f^t  and  two  days,  under  a  diet  of  non-nitrogenized  matter ;  and  I*rof.  Haugbton  coin- 

PWhI  his  observations,  made  in  July,  with  an  average  of  experiments  made  at  ditlerent 

^>' r»y,  taking  no  account  of  the  action  of  the  skin.     It  may  be  true  that,  witli  a  purely 

i«rogieneous  diet,  exercise  fails  to  increase  the  quantity  of  urea  eliminated  by  the 

M  ukVH,  UH  appears  from  the  observations  of  Fick  and  Wislicenus ;  but  farther  experi- 

niefiiw  Afc.  tieci't^nry  to  settle  oven  this  point,  and  the  recent  observations  by  Parkcs  show 

s  the  case. 

"  influence  of  muscular  exercise  upon  the  other  constituents  of  tho 

'  I    nmcnts  are  somewhat  contradictory.     Sometimes  the  water  is  lessened  «md 

iKii  it  is  increased;  this  dittercnce  probably  depending  upon  the  activity  of  tb© 

"  uag  <MbaIation.     Sometimes  the  uric  acid  is  increased  and  sometimes  it  is  dimin- 

<*^v±    The  anlphates,  phosphates,  and  chlorides,  are  generally  increased, 

Tb*^  tfeniTal  result  of  experimental  observations  on  the  effects  of  exercise  apon  tbo 

i  up  in  the  proposition  that  this  condition  increases  the  activity  of 

•■v,  atul  prmluces  a  corresponding  activity  in  the  function  of  disas- 

KittiiiatuTn^  a«  indicated  by  the  amount  of  exorementitious  matters  separated  by  the 

We  havo  had  an  oppurtunity  of  settling  definitely  the  vexed  question  of  the  influence 
eltntisciUar  excreiJM;  upon  the  elimination  of  nitrogen.*     In  1871  ♦  we  made  an  exceedingly 

*  fttwt,  Ji^  Oh  tA0  Ph^»i0tOffiotU  ^fct^mf  Severe  and  i^rotrutt^tl  MtMCruf^f  Ewroi^f,  i^Hih  Kpt4fl4tl  li^ftr- 
«M»  to  l«»  in/turin'*  ufM/n  th*  iQB^rtffl^fi  of  Jifi$r&gan,^Mvt  Vorit  MnHeat  Journal,  lliTl,  vo^l.  «Ul.t  p.  <KKi,  ei  »&(. 
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elaborate  seneB  of  observations  npon  Mr.  Weston^  the  pedes^triftn.    Of  these  we  can  only 

give  here  a  brief  Bumiiiary.  Mr,  Weston  walked  for  live  cooaecDtive  days  as  follows : 
First  day,  9:2  miles:  ^iecond  day,  80  miles;  third  day^  57  miles;  fourth  day,  48  nuk*jij| 
fifth  day,  4n|  miles.  The  nitrogen  of  the  food  was  compared  with  the  nitrogen  excret 
for  three  periods;  viz.,  five  days  before  the  walk,  five  days  walking,  and  five  days  afteil 
the  walk.  A  trtisty  a^sigiatit  was  with  Mr.  Weston  day  and  niglit  for  tlie  fifteen  days^ 
the  food  was  weighed  and  analyzed  ;  the  excreta  were  collected ;  and  other  obser^^ation 
were  made  during  the  entire  period,  The  analyses  were  made  indupendently,  under  ttu 
direction  of  Prof.  R.  O.  Doremiis,  who  had  no  idea  of  the  results  until  we  had  elassrlie^ 
and  tabalate<l  them.  The  conclusions  were  most  decided,  and,  as  far  as  possible,  all  th^ 
physiological  conditions  were  faltilled.  As  regards  the  proportion  of  nitrogen  eliminated 
to  the  nitrogen  of  the  food,  the  general  results  were  as  follows : 

For  the  five  days  before  the  walk,  with  an  average  exercise  of  about  eight  miles  daily^ 
the  nitrogen  eliminated  was  92*82  parta  for  100  parts  of  nitrogen  ingested.  For  the  fiv#j 
days  of  tbe  walk,  for  every  hunilred  parts  of  nitrogen  ingested,  there  were  discharged 
153*99  parts.  For  tlie  five  days  after  the  walk,  when  there  was  hardly  any  eierci^s  foj 
every  hundred  parts  of  nitrogen  ingested,  there  were  discharged  b54'63  parts.  Durln 
the  walk,  the  nitrojfon  excreted  was  in  direct  ratio  to  the  amount  of  exercise  ;  and,  wbit^ 
was  still  more  striking,  the  excess  of  nitrogen  eliminated  over  the  nitrogen  of  food  ahno 
exactly  corresponded  with  a  calculation  of  the  nitrogen  of  the  muscular  tissue  wasted.] 
US  estimated  from  the  loss  of  weight  of  the  body.  Full  details  of  the  method  of  investiH 
gation,  the  processes  employed,  etc.,  are  given  in  our  original  paper* 


Ififlumiee  of  Mental  Ex<ertion. — Although  the  influence  of  menial  exertion  npon  tli^ 
composition  of  the  urine  has  not  been  very  closely  studied,  the  results  of  the  investigikl 
tions  which  Imve  been  made  upon  this  subject  are,  in  many  regards,  quite  satisfactoiT;  1 
It  is  a  matter  of  common  remark   that  the  secretion  of  urine  is  often  modified  to  t  j 
considerable  extent  through  the  nervous  system.     Fear,  anger,  and  various  violent  emo^J 
tions,  sometimes  produce  a  sudden  and  copious  secretion  of  urine  containing  a  la 
amount  of  water,  and  this  phenomenon  is  often  observed  in  cjues  of  hysteria.     Intens«1 
mental  exertion   will  occasionally   province  the  same  result.     We  have  often  obsen'ed  ^ 
ft  frequent  desire  to  urinate  during  a  few^  hours  of  intense  and  unremitting  mental  labor; 
and,  on  one  occasion,  being  struck  with  the  amount  of  urine  voided,  it  was  found,  on 
examination,  to  present  scarcely  any  acidity,  and  a  specific  gravity  of  about  1002,     The 
interesting  point  in  this  connec  tion,  however,  is  to  observe  the  influence  of  mental  labor  ; 
npon  the  elimination  of  solid  matters,  as  contrasted  with  the  amount  of  excretion  during 
complete  repose,  the  conditions  of  atimentation  in  the  two  instances  being  identical. 

In  a  very  interesting  w^ork  upon  the  influence  of  cerebral  activity  upon  the  composi- 
tion of  the  urine,  Ryasson  found  that  by  mental  exertion  the  quantity  of  urine  was 
increase*! ;  the  ami^unt  of  urea  was  also  increased;  the  phosphoric  acid  was  increased 
about  one-tbird;  the  sulphuric  acid  was  more  than  doubled;  and  the  chlorine  viis 
nearly  doiibIe<l. 

These  facts  have  an  important  bearing  upon  our  knowledge  of  the  efifects  of  mentjil^ 
exertion  upon  the  process  of  disassimilation  of  tiie  nervous  tissue.    They  show  that  nearly 
all  of  the  solid  principles  contained  in  the  urine  are  increased  in  quantity  by  prolona 
Intellectual  exertion,  but  they  fail  to  point  to  any  one  excrenientitious  principle,  either 
organic  or  inorganic,  which  is  specially  connected  witli  the  physiological  wear  of  th« 
brain.     It  has  lieen  assomcfl  that  elimination  of  the  phosphates,  increased  out  of  profKjr-l 
tion  to  the  increase  of  the  nth^r  soliil  matters  of  the  nrine,  is  one  of  the  constant  efiecl«l 
of  intellcctnal  effort;   but  this  view  is  not  sustained  by  direct  physiological  experiments] 
or  by  facts  in  pathology.    We  have  already  discussed  this  question  somewhat  ebbora 
under  the  head  of  tlie  phosphates  of  the  urine. 
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Tug  tirer,  bj  far  the  largest  gland  in  the  body,  td  now  known  to  have  several  entiretj 
dkmet  functions ;  and  one  of  the  most  important  of  these  has  already  been  fully  cou- 
lidered,  in  connci^tion  with  digestion.  It  ia  true  that  we  know  very  little  with  regard  to 
tbe  exact  office  of  the  bile  in  rligo^tion,  bat  that  tliis  function  is  essential  to  life,  thero 
40  he  no  doabt.  We  have^  however,  more  positive  infurraation  witli  regfird  to  tlie 
ttcrsmetttitions  ftinrtion  of  the  liver  and  the  changes  which  the  blood  undergoes  in  paifs- 
hif  throuj^h  its  Hubstance ;  and  the  study  of  these  functioni*  is  closely  connected  wilh 
tte  aaalomy  of  the  liver  and  the  chemical  constitution  of  the  bile, 

II  L9  acuiece«L5ary^  in  this  connection,  to  dwell  n[>on  the  ordinary  descri|>tive*anatomy  of 
tJic  iirfin  It  19  8nt!ioient  to  state  that  it  is  situated  just  below  the  diaphragm,  in  the  right 
i^fpodiondriac  region,  and  h  the  largest  gland  in  the  body,  weighing,  when  moderately 
filM  with  ItlfM-tcl,  abont  four  and  a  half  pounds.  Its  weight  is  somewhat  variable,  but  it 
ililate^^  ey  that^  in  a  |>erion  of  ordinary  adipose  development,  its  proportion  to 

Uie  Wei  '   body  is  about  as  one  to  thirty-two.     In  early  life,  tlie  liver  is  relatively 

ltrg«r,  itfi  proportion  to  the  weight  of  the  body,  in  the  new-born  ehild,  being  as  one  to 
tifbteeai  or  twenty. 

The  liT^r  is  covered  externally  by  peritoneum,  folds  or  duplicatures  of  this  mem- 
^formed  oa  it  paases  from  the  surface  of  the  liver  to  the  adjacent  parts.  These 
'  of  the  io-called  ligamenta  that  hold  tho  liver  in  place.  The  proper  coat 
llvfT  i»  a  very  thin  bat  dense  and  resisting  fibrous  membrane,  adherent  to  the  sub- 
I  of  the  organ,  bat  detached  without  much  difficulty,  and  very  closely  united  to  the 
pttHnmitfQm*  This  membrane  is  of  variable  thickness  at  different  parts  of  the  liver,  being 
opecmlly  thin  in  tlie  groove  for  the  vena  cava.  At  the  transverse  ti^sure^  it  surrounds 
tii«  dttct^  blood •vQsaels,  and  nervea,  and  it  penetrates  the  substance  of  the  organ  in  the 
form  of  a  vagina^  or  sheath,  surrounding  the  vessels  and  branching  with  them.  This 
membnuie,  as  it  ramifies  in  the  substance  of  the  liver,  is  called  the  capsule  of  Glig^ 
son.  It  will  bo  more  fully  described  in  connection  with  the  arrangement  of  the  hepatic 
fMBela. 

}  substance  of  the  liver  is  made  up  of  innunierable  lobules,  of  an  irregularly  ovoid 

nded  fonn,  and  about  ^^  of  an  inch  in  diameter,     Tlio  space  which  separates  these 

lia  about  one-qnarterof  the  diameter  of  the  lobule  and  is  occupied  with  the  blood- 

nerves,  and  ramifications  of  the  hepatic  duct,  all  enclosed,  in  the  fibrous  sheath. 

Ill  a  few  animals^  at^  for  example,  the  pig  and  the  polar  bear,  the  division  of  tlie  hepatic 

can  be  readily  made  out  with  the  naked  eye ;  but,  in  man  and  in  most  of  the 
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miuxinialio,  the  lobules  are  not  bo  distinct,  although  their  arrangeiiHsat  is  essentially  ibol 
i^ume,  Althuujrh  the  lobules  are  intimatt^ly  connected  with  each  other  from  the  fact  thai 
branches  going  to  a  number  of  ditl'erent  lobules  are  given  off  from  the  same  interlobuhir  J 
ves^ei^T  they  are  fiuffieiently  distinct  to  represent^  each  one,  the  general  anatomy  of  th<s| 
secreting  substance  of  the  liver;  but^  before  we  study  the  minute  Htructure  of  the  lobttle»,l 
it  will  be  eouvenittut  to  follow  out  the  course  of  tlje  vessels  and  the  dact^  after  they  bav^j 
penetrated  at  the  traosverse  fiijsure.  In  tliis  deKcription  we  shtdl  follow,  in  the  main,  J 
the  observations  of  Kiernan,  who  hiis  given,  probably,  the  most  accurate  account  of  th<*  j 
vascular  arrangement  in  the  liver. 

At  the  tranaverse  fissure^  the  purtal  vein^  collecting  the  blood  from  the  abdominal 
organs,  and  the  hepatic  artery^  a  branch  ol"  the  ccprmc  axis,  penetrate  the  substance  of  [ 
the  liver,  with  the  hepatic  duct,  nerves,  and  lymphatics,  all  enveloped  in  the  tibrouil 
vagina,  or  sheath,  known  as  the  capsule  of  Glisson.  The  portal  vein  is  by  far  the  larger | 
of  the  two  hloud'Veasels,  and  ItB  caliber  may  be  roughly  estimated  at  from  eight  to  ten! 
times  that  of  the  artery. 

The  vagina,  or  capsule  of  Glisson,  is  composed  of  fibrous  tissue,  in  the  form  of  a  dense 
membrane,  closely  adherent  to  tlie  adjacent  structure  of  the  liver,  and  enveloping  the 
vessels  and  nerves,  to  w  hich  it  is  attached  by  a  loose  areolar  tissue.    The  attachment  of  ^ 
the  blood-vessels  to  tlie  nheath  is  so  loose,  that  the  branches  of  the  portal  vein  are  col*  j 
lapsed  when  not  filled  with  blood  ;  thus  presenting  a  striking  euntrast  to  the  hepatio  { 
veins,  which  are  closely  adherent  to  ttie  Mubstance  of  the  liver  and  remain  open  when  ] 
they  are  cut  across.     This  sheath  is  prolonged  over  the  vessels  as  they  branch  and  it  fol- 
lows tht.*ra  in  their  subdi visions.     It  varies  coiisideralily  in  thickness  in  different  animals. 
In  man  and  in  the  mammidin  generally,  it  is  rather  thin,  becoming  more  and  more  delicata 
as  the  vessels  subdivide,  and  it  is  entirely  kst  before  the  vessels  are  distributed  in  Ui«| 
interlobular  spaces, 

The  vessels  distributed  in  and  coming  from  the  liver  are  the  following : 

1.  The  portal  vein,  the  hepatic  artery,  and  the  hepatic  duct,  passing  in  at  tlie  trans- . 
verse  fissure,  to  be  distributed  in  the  lobules.  The  blood-vessels  are  continuous  in  the  I 
lobules  with  the  radicles  of  the  hepatic  veiod.  The  duct  is  to  be  followed  to  its*  brauohei  i 
of  origin  in  the  lobules. 

2.  The  hepatic  veins;  vessels  that  originate  in  the  lobules,  and  collect  the  blood  dts- 
tributed  in  Iheir  substance  by  branches  of  the  portal  vein  and  of  the  hepatic  artery. 


Branchtt  of  tht  Portal  Vtin^  the  Hepatic  Arten/,  ami  the  Hepatic  Duct, — These 
vessels  follow  out  the  branches  of  the  capsule  of  Glisson,  become  smaller  and  smaller,  and 
they  finally  pass  directly  between  the  lobules.  In  their  course,  however,  they  send  off  i 
lateral  branches  to  the  sheath  ;  ami  those  who  follow  exactly  the  description  of  KiernanJ 
call  this  the  vaginal  plexus.  The  arrangement  of  the  vei^sels  in  the  sheath  is  not  in  ibiil 
form  of  a  true,  anastomosing  plexus,  although  branches  pass  from  this  so-called  vaginal] 
plexus  between  the  lobules.  These  vessels  do  not  anastomose  or  communicate  with  caehj 
other  in  the  sheath. 

The  portal  vein  does  not  present  any  important  peculiarity  in  its  course  from  th#  i 
transverse  fissure  to  the  interlobular  spaces.  It  subdivides,  eocJosed  in  its  sheath,  until  J 
its  smaD  branches  go  directly  between  the  lobules,  and,  in  its  course,  it  scndi^  branchc^l 
to  the  sheath  (vaginal  vessels),  which  alterward  go  between  the  lobules.  The  dtstri^l 
bution  of  the  hepatic  artery,  however,  is  not  so  Himplc.  l*his  vessel  bus  three  sets  of  j 
branches.  As  soon  iis  it  enters  the  sheath  with  the  other  vessels,  it  sends  off  minuto  ' 
branches  (vasa  vasomm)»  to  the  walls  of  the  portal  vein,  to  the  larger  branches  of  the  artery 
itself,  to  the  walls  of  the  hepatic  veins,  and  a  very  rich  net-work  of  branches  to  the  hepatioJ 
duct.  When  the  hepatic  artery  is  completely  iiyected,  the  walls  of  the  hepalic  duct  ar«^ 
seen  almost  covered  with  vessels.  In  its  course,  the  hepatic  artery  also  sends  branches 
to  the  capsule  of  Glisson  (capsular  branche£i),  which  join  with  the  branches  of  the  pcirtal 
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<ft^  Id  form  Uie  so-called  vaginal  plexus.  From  those  v^s^cls,  a  few  arterial  branches 
tne  given  off  which  paiW  bet^seea  the  lolmles.  The  hepntio  artery  cannot  h^  Inllowed 
b»Ton<i  tiic  inlerlobttlur  spaces.  The  terminal  branches  of  the  hepatic  artery  are  not 
ilifedly  connected  with  the  rftdieJes  of  the  hepatic  veins,  but  they  GUi[ity  into  tmall 
bnuifbe*  of  the  portal  vein  within  the  capsule  of  Olisson. 


^^ 


Fjo,  IV^y—laimiM  qfth*  «««■,  int*rlob\iiar  vt**els,  ami.  intra/obuiaf  rtim,    (Sftppny.) 
\l»1  1»  1^  4|  blualM;  1,  t,  ^  t,  lutnbbukr  laiat^  Injected  with  whlta ;  fi^  ^  ^  ^  ^  Interlobuliir  vew«K  tUled  with  • 

dork  t^)«etloiL 

Tb#  hfpAtio  dnct  follows  the  general  course  of  the  portal  vein  ;  but  its  structure  and 
nktioos  are  so  important  and  intricate  that  they  will  he  described  separately. 

inUrUhular  Vr^meU. — Branches  of  tho  [mortal  vein,  coming  from  the  terminal  ramiti- 
atbaft  A5  the  v^g^el  branches  within  the  capsule  and  from  the  branches  in  the  walls  of 
,jfc<  ctpsaliS  »ro  distributed  between  the  lobulea,  constituting  the  greatest  part  of  tho 
^■N^Icd  interlobular  plexus.    These  aro  situated  between  the  lobules  and  surround  them ; 
^ttk  reasel,  howerer,  giving  off  branches  to  two  or  three  lobules,  and  never  to  one  alone. 
Ihef  dc»  not  anastomoBe,  and  consequently  they  are  not  in  the  form  of  a  true  plexus.     The 
Aioeter  of  the«c  interlobular  vessels  varies  from  ^irs  to  jljf  of  an  inch.    In  this  distribu- 
lloft»  the  I do<^d' vessel?!  are  followed  by  branches  of  the  duct^  which  arc  much  less  nunier* 
vw  jmd  «5mttllor,  measuring  only  j-j^ir  ^^  a"  i"^^^*  I  "^tl  some,  even,  have  been  measured 
titat  arc  not  more  than  jp}^^  of  an  inch  in  diimieter, 

L^butnr  VcMfh, — In  the  interlobular  plexus,  the  ramifications  of  the  hepatic  artery 
art  IfHt,  and  thi»  can  no  longer  bo  traced  as  a  distinct  vessel.     One  of  the  peetdiarities 
rfitAftrrangemctit,  as  we  have  seen,  is  that  tho  artery  does  not  empty  into  the  radicles 
tf  tilt  efTerent  vein  but  joins  the  portal  vessels  as  they  are  about  to  be  distributed  in  a 
tlM^taqnlbry  plcxu??  in  the  substance  of  the  lobule«.     In  the  lobules  themselves,  conse- 
^*mly,  we  havfj  only  tx>  study  the  arranpfement  of  the  portal  plexus,  with  the  mode  of 
^wi^m  of  the  hepatic  veins  and  tho  relations  of  the  hepatic  duct. 
^|^Th«5  arrangement  of  the  lobular  plexus  of  blood-vessels  is  very  simple.     From  the 
Bfcwiobnlar  veins,  a  number  of  branches  (eight  to  ten)  are  given  off  and  penetrate  the 
lolrQl^     As  the  interlobular  vessels  are  situated  between  diflTcrent  lobules,  each  one 
mmdM  brmiches  into  two  and  sometimes  three  of  these  lobules ;  so  that,  ns  far  as  vascular 
4^ifk|f  b  oonccmed^  these  divisions  of  the  liver  are  never  absolutely  distinct. 

the  interlobular  plexus  iff  to  the  lobules,  the  vessels  immediately 
kf'  let-worlc  of  capillaries,  from  j^  to  j^  of  an  inch  in  diameter, 

mhkik  iiw^^y  ih<}  lubttjes  with  a  true  plexus.    These  Tcssels  are  very  nomerons ;  and, 
38 
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when  tliey  are  folly  diateaded  by  artificial  iiyection,  their  diametor  is  greater  than  timt  ] 
of  tha  inter  vascular  spaces.     It  most  l>e  remembered,  however,  tb»t,  in  tbo  gtudy  of  tbe 
liver  by  ininute  injectians,  as  in  other  parts,  the  vessels  jirobably  are  disteuded  so  that  J 
they  occupy  more  space  than  tbey  ever  do  under  the  physiological  conditions  of  the  <ik^ 
culation.    The  blood,  having  been  distributed  in  the  lobules  by  this  lobular  pleiua,  U  col- 
lex?ted  by  venoua  ratlicles  of  conmderaldo  size  into  a  single  central  vessel  situated  in  the 
lotig  axis  of  the  lobule,  called  tbe  intralobular  vein.     A  single  lobule,  surrounded  with! 
an  interlobular  vessel,  showing  the  lobular  capillary  plexus^  and  the  central  vein  (thej 
intralobular  vein*)  cut  across,  is  represented  in  Fig.  130. 


%  - 


Fro.  ISO,— 7Vii«»p«^w  tetitm  oj  o 
1,  Intnlobuhir  vcio,  cut  oorow;  8;,  'A  a,  i,  Afferent  hranchcs  ^ 
brvncbiis  of  Ihc  purUl  velD,  with  Its  cai»Ulary  branched, 
tbe  tDtrftk»biUar  vetii. 


—jx  pluzBf,  extending  to  the  rtdt^k*  oC 


With  regard  to  the  mode  of  orip^in  of  the  hepatic  duct  in  the  substance  of  the  lobule^ 
recent  researches  have  showri  that  it  be;^ins  by  a  very  fine,  anjistomosing  plexus  of  re 
aels,  with  amorphous  walls,  situated  between  the  liver-cells;  but  there  are  many  differ 
ent  opinions  on  this  subject,  and  we  shall  defer  its  full  consideration  until  we  taka  up  1 
anatomy  of  the  secreting  structures  in  the  lobules. 

Origin  and  Covne  of  the  Eepntie  Vein9, — The  blood  di«trihuted  in  tlie  lobular  r4i{iiM 
iary  plexus  furnishes  the  materials  for  the  formation  of  bile  and  undergoes  those  chang 
produced  by  the  acttMfj  of  the  liver  as  a  ductlcBs  gland;  in  other  words^  it  t»  in  on 
around  this  plexus  that  all  the  physiological  functions  of  the  liver  are  performed.  It 
then  only  necessary  that  the  blood  should  be  carried  from  the  liver  to  go  to  the  rightj 
side  of  the  heart ;  and  the  arrangefuent  of  the  hepatic  veins  is  accordingly  very  ^mple. 

Intmlobfdar  rWn».— The  innumeniblo  capillaries  of  the  lobule^s  c^>nverg©  into  thre^j 
or  four  venous  radicles  (rei>resentod  in  Fig.  130),  which  empty  into  a  central  vessel,  from 
tAtt  ^  47S1S  of  an  inch  in  diameter.     This  is  the  intralobular  vein.     If  a  liver  be  carefully  ( 
injected  from  the  hepatic  veins,  and  if  sections  be  made  in  various  directions,  it  will  b«j 
seen  that  the  intralobular  veins  follow  the  long  axis  of  the  lobules,  receiving  vesseh  in 
their  course,  tmtll  they  empty  into  a  larger  vessel,  situated  at  what  may  be  termed  th^ 
baae  of  the  lobules.     These  vessels  have  been  called,  by  Kiernan,  the  sublobnUr  vein 
They  collect  the  bloo<l  in  the  manner  just  described  from  all  part*  of  the  liver»  unit 
with  others,  becoming:  larger  and  larger,  until  finally  they  form  the  three  hcpatio  vein 
which  discharge  the  blood  from  the  liver  into  the  vena  cbta  aseendens. 
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he  Bcpatic  vein*!  diflVr  sumewliat  in  their  structure  from  otlier  portions  of  the  veoous 
ly^t^m.  Tb(?ir  walls  are  thinner  thrui  thorn  of  the  portal  veiDs,  they  ftre  Dot  eueloeed 
ill  ftAhtafh,  iin<]  they  are  very  clojiely  adherent  to  th<?  heputic  tissue.  It  ih  this  provision 
iliieh  makes  the  force  of  aspiration  from  the  thorax  so  efficient  in  the  circulation  in 
tbclircr.  Here,  indeed,  a  force  added  to  the  action  of  the  hc«rt  is  specially  tieeessary; 
for  the  bUyod  w  passing  into  the  liver  through  a  eecond  capillary  plexus,  havinir  alreudy 
in^ta  distrUmted  in  the  capillaries  of  the  alunentary  canal  and  other  ahdominal  organgi, 
before  it  i»  received  into  the  portal  vein.  It  has  aUo  been  noted  that  the  l]e[>atic  vdo» 
^<mt»  A  well-marked  maacular  tunic,  very  thin  in  man,  hut  well-developed  in  the  pig» 
find  the  horse,  and  composed  of  unstriped  muscular  fibres  interlacing  with  each 
I  erery  direction. 

>n  to  the  blood-vessels  just  described,  the  liver  receives  venous  blood  from 

h  have  been  called  accessory  portal  veina,  coming  from  the  gujgtro-hepatio 

txmestQm,  the  surface  of  the  gall-bladder,  tlie  diaphragm,  and  from  the  autenor  abdominal 

^ilW    These  vessels  penetrate  at  ditferent  portions  of  the  surface  of  the  liver,  and  they 

may  serve  as  derivatives,  when  the  circulation  through  the  portal  vein  is  obstructed. 


Stnie4ure  qf  a  Lobule  of  the  Lner.—E&ch  hepatic  lobule,  hounded  and  more  or  less 
dijtmctly  separated  from  the  others  by  the  intcrh.)bular  vessels,  contains  blood-vessels, 
wlicles  of  the  hepatic  duets,  and  Ihe  so-cidled  hepatic  cells.  The  arrangement  of  the 
Mf*od*vef9el9  has  just  been  described;  but,  in  all  preparations  made  by  artificial  injcc- 
Um,  the  space  occupied  by  the  hlood-veHsels  is  exaggerated  by  excessive  dislcntiou,  and 
the  difRcnItiea  in  the  study  of  the  relations  of  the  ducts  and  the  liver-celbs  are  tliereby 
rniirh  mcreased.  As  the  important  problem  in  the  minute  anatomy  of  the  lobules  has 
been  the  relations  of  the  cells  to  the  radicles  of  the  bile-ducts,  we  shall  first  take  up  the 
rtractuTe  of  the  cells. 

Hepatic  CtlU. — If  a  scroping  from  the  cut  surface  of  a  fresh  liver  be  examined  with  a 
ajodorately  high  magnifying  power,  the  field 
of  view  will  be  found  filled  with  numerous 
liQiiotied,  OToid,  or  irregularly  polygonal  cells, 
muMmmg  from  ^i^^  to  Wtrg  ^^  ^^  ^"^'^*  ^^ 
diamtter.  In  their  natural  condition,  they  at  e 
more  fre«iuently  ovoid  than  polygonal ;  and, 
wbtn  Ihcy  have  the  latter  form,  the  corners 
are  ilwavs  rounded.  These  cells  present  one 
anil  vimetiracs  two  nuclei,  sometimes  with  and 
•rnn^liaie^  without  nucleoli.  The  presence  of 
PQineraad  small  pigmentary  granules  gives  to 
Ibf  cells  a  peculiar  and  characteristic  appear- 
mce;  and,  in  addition,  nearly  all  of  thetu 
(yinf-ntn  a  few  granules  or  small  globules  of  fat, 
^'  he  fatty  and  pigmentary  matter  U 

^*  :    as  to  obscure  the   nuclei.      The 

Utioii  of  ac4?tic  acid  renders  tljc  cclh  pule 
I  tJie  nuclei  more  di**tiDct.     By  appropriate 
rcifentA,  animal  starch  (probably  glycogenic  matter)  has  been  demonstrated  in  the  sub- 
Dce  of  tlie  cells. 

Arrangrment  of  (h^  Bile-ducU  in  the  Lobules, — In  desciibing  the  plexus  of  origin  of 

liii'ts,  we  shall  not  discuss  the  views  of  Kienian,  Leidy,  Beale,  nnd  others,  as 

ff  robes  have  conclusively  shown  that  these  were  entirely  erroneous.     Late 

T*  live  shown  that  the  following  is  probably  the  true  relation  of  the  ultimate 

rar,  iis  of  the  bile-ducts  in  the  lobules  to  the  hepatic  cells: 

111  the  substance  of  the  lobnles,  is  an  exceedingly  fine  and  regular  net- work  of  vessels, 


Fi<i.  lai.— Zrirtr  cc^/j,  frt'tn  a  human,  fattu  lit4r. 
(Fiittko.) 
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of  uniform  size,  alKJUt  ^Aw^  of  ao  incli  in  diameter,  which  surrouBd  tbe  liver-cellt^  < 
cell  1>  iug  in  a  space  bounded  by  inosculating  brandies  of  these  canals.    This  pleams 
entirely  independent  of  the  bbjod-ves^els,  and  it  seenii*  to  enclose  in  its  mesbes  each  ind 
vidual  cell,  extending  from  the  periphery  of  tbe  lobult?  (where  it  is  in  communicatio 

with  the  interlobular  bile-ducts)  to  the  intm^ 
lobular  vein  in  tli©  centre.     The  ve«^l*  proh 
aUly    have    excessively    thin,    homogeneou 
wall*— although  the  existence  of  their  u>em^ 
brune  ha«  not  been  positively  demonstrated- 
and  are  without  any  epithelial  lining,  beln| 
much    smaller,   indeed,   than    any  epiihclia 
cells  with  which  we  are  acquainted.     Thi 
nrruneeinent,  as  far  as  is  known^  has  no 
ri  any  other  secreting  orvrau* 
i  Itougli  it  is  within  a  few  years  cml/J 
that  the  reticulated  bile-ducts  of  the  lohulo 
have  attracted  much  attention,  they  were  di» 
covered  in  the  substance  of  the  lobules,  nea 
the  periphery,  by  Gerlach,  in  1848.     It  is  evi 
dent,  from  an  examination  of  his  figures  auj 
description,  that  he  succeeded  in  till  in  i?  witi 
injection  that  portion  of  the  lobular  net- work  j 
near  the  borders  of  the  lobules,  and  he  demon^ 
Btrated  tbe  continuity  of  their  vessels  with 
the  interlobular  ducts  j  but  he  did  not  recog* 
nize  the  vessels  nearer  the  centre  of  the  lob- ' 
nle.     It  is  now  demonstrated,  beyond  a  doubt,  that  there  are  eitlier  canals  or  interspm^cs 
between  the  liver-cells  in  the  lobules,  and  that  these  open  into  the  interlobular  hepatiQ 
ducts.     It  is  still  a  (juestion  of  discussion,  however,  whether  these  passages  be  sim]>l|| 
spaces  between  the  celk  or  true  vessels  lined  by  a  membrane;  but  thisi point  has  no  preii 
physiological  importance,  and  we  can  readily  imagine  that  it  would  be  exceedingly  difl 
cult  to  demonstrate  a  membrane  fonoing  tlie  wall  of  a  tube,  the  whole  measariug  bu 
utiftft  of  an  inch. 

A  peculiarly  favorable  opportunity  for  observing  the  bile-ducts  in  the  lobule*  wa«] 
presented  in  the  livers  of  aniujals  that  died  of  the  so-called  ''  Texas  cattle-disease."     ThitJ 
was  taken  advantage  of  by  the  late  Dr.  R.  C.  Stiles,  who  was  able  to  verify,  in  tlie  mo 
Batisfactory  manner,  the  fsicts  which  have  lately  been  established  by  the  German  anato 
mista.     In  these  livers,  the  finest  bile -ducts  were  found  filled  with  bright  yellow  bill) 
and  their  relations  to  tbe  liver-cells  were  exceedingly  distinct.     In  the  examination  < 
these  specimens,  the  presence  of  what  appeared  to  be  detached  fjagments  of  these  littU 
canals  is  an  argument  in  favor  of  the  view  thai  they  are  lined  by  a  membrane  of  exce 
sivc  tenuity.    These  int^sresting  anatomical  points  w*ere  demonstrated  by  \yr.  Stiles  befoml 
the  New  York  Academy  of  Medicine,  and  we  have  since  been  able  to  verify  thein  in  eversTj 
particular. 


puHc  tofiHt*  i>/  fhe  rabbit;  tnagnijUd  iOij  tli*tm^ 

A^  A^  ft,  cftpUlarT-  l^lood-rMMlft:  q,  ff,  q,  oipUlaTy  bl^- 
duets;  i,  h  A  Uver-i^llfl. 


Anatomy  tif  the  ExcreUfry  Biliary  PaMa^u. — ^Tbere  can  be  scarcely  any  dfiubt  of  the 
oonneotion  between  the  intercellular  biliary  plexus  in  the  substance  of  the  lobules  and 
the  interlobular  ducts.  We  shall  see,  farther  on,  that  the  ducts,  in  their  CH:mr»e  from  th*? 
lobules  to  the  intestine,  are  provided  with  numerous  small,  racemose  glands,  w  hich  prob- 
ably secrete  a  mucus  tliat  is  mixed  with  the  bile ;  but,  in  all  probability,  the  jKiculi 
elements  of  the  bile  are  formed  in  the  lobules,  and  the  canals  situated  between  the  lobiil* 
and  leading  from  them  to  tlie  larger  ducts  are  merely  excretory. 

Between  the  lobules,  the  ducts  aro  very  small,  tbe  smallest  measaring  about  ^^  of 


^m 


1 
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an  mch  in  dimnettT.     Thej  are  composed  of  a  delicate  njembrane,  lined  with  smallt  flat- 

f-n^il  opidi^litim.     The  dacts  larger  than  j^  of  an  inch  Lave  a  fibrous  coal,  formed  of 

irnla'tii!  witli  i\  fow  elastic  eleraent«^  ami,  in  the  larger  ducta,  there  nre»  in  ndditiuo^  a  few 

rH.r).*tnated  miiscolar  flhrca.    The  cpithelhim  lining  these  ducts  i«  of  the  columnar  variety, 

?k'  i'x'lh  gradnallj  undergoing  a  transition  from  the  pavement-form  hs  the  ducts  increase 

lu  "t/v.    In  the  largest  ducts,  there  is  a  distinct  mncoas  membrane,  with  nmeous  glands. 

Throughout  the  whole  extent  of  the  biliary  passages,  from  the  interlobular  camds  to 

th«  doetu»  eholedoclm.%  are  little  ntricular  or  racemose  gland**,  varying  in  **izo  in  differ- 

rnt  f»ortioti«  of  the  liver,  called  by  Robin,  the  biliary  acini.     These  iire  situated,  at  short 

i!.f.  rL  1.1^  \,y  the  sides  of  the  canals.    The  glandt  connected  with  the  smallest  duct^  are 

lea,  from  ^^  to  j^  of  an  inch  long.     The  larger  glands  are  Ibrmed  of  groups 

-'  iniijcles,  and  they  measure  from  yf^  to  j^  of  an  inch  in  diameter.    The  glands  are 

filv  fuond  connected  with  the  ducts  ramifying  in  the  substance  of  the  liver,  and  they  do 

!  '    '.'■<  in  the  hepatic,  cystic,  and  common  ducts.     They  are  composed  of  a  homogeneous 

inne,  lined  with  small,  pale  cells  of  pavement-epllhelium.     If  the  ducta  in  the  sub- 

of  the  liver  be  isolated,  they  are  found  covered  with  these  little  groups  of  follicles 

ri  have  the  appearance  of  an  ordinary  racemose  gland,  except  that  the  acini  are  rela- 

^t\j  small  and  scattered.    This  appearance  is  represented  in  Fig.  133. 
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^  oixl  ntetfm«m  ginnd^i  nttaehf<(t  fa  the  hlliary  tfvdJi  qf  th§pig;  ntn^fjted  IS  dinrnttwrt* 

f,  brttBch  10  whil  r  l|Alint'ler«riAt)df; 

4.  4.  H  4  ttUkr>  iJ  *\  tl,  A,  6,  iiiuirio- 

iMHtt  la  ardica ;  *,,,.,  „..^.,x„.  »..-..;,. „.„^,,„ ,    •,.,.-,    ,-...„„,„.....,..  o_.  u,.;..-.^- ....... 


The  excretory  biliary  dncts  fVom  the  interlobular  vessels  to  the  point  of  emergence 
«f  tiie  hepatic  duct,  present  numerous  anastomoses  with  each  other  in  their  course. 

r<Mu  Ahernifttltt. — In  the  livers  of  old  persons,  and  occasionally  in  the  adult,  certain 
r^«*pk  fir^  fonnd  rnmifying  on  the  surface  of  the  liver,  but  always  opening  int<j  the  bib 
b*  rhich  havt*  been  called  vasa  aberrantio.     These  are  never  found  in  the  fcetus 

frr  n.     They  are,  undoubtedly,  appendages  of  tlie  excretory  system  of  the  liver, 

i&d  an:*  an:dogous  in  their  structure  to  the  ducts,  but  are  apparently  hypertrophied,  with 
flitckened,  fibrous  walls,  and  present,  in  their  course,  irregular  constrictions,  not  Ixjond 
is  the  normal  ducta.  The  racemose  glands  attached  to  them  arc  always  very  much  atro- 
ftKietL  S^appey  is  of  the  opinion  that  these  are  duct«  leading  to  lobules  on  the  surface  of 
theliier,  which  have  become  atrophied. 

(ialUhladdtr^  llrpatic^  Cyttie,  and  Comm&n  Ducts, — The  hepatic  duct  is  formed  by 
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tbe  imioti  of  two  ducts,  one  from  the  right  and  the  other  from  the  left  lobe  of  the  liver,  I 

It  Id  ubout  an  inc*h  and  a  half  in  lungtli  and  joins  at  au  acute  angle  with  tlie  oystic  duct,  [ 
to  Ibrm  the  dtiefus  communis  choIedo<?hus,  The  coinmou  duct  ifi  about  three  inches  ml 
length,  of  the  diameter  of  a  groose-quill,  and  it  opens  into  the  descendinp:  porliou  of  tb^l 
diiodeuuru.  It  passes  obliquely  through  the  coats  of  the  intefitine  and  open»  into  itsi 
canty,  in  connection  with  the  principal  pancreatic  duct.  Tb©  cystic  duct  is  about  an] 
inch  in  length  and  h  the  smallest  of  tbe  three  canals. 
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ftB,  tight  kldut^y ;  27,  flUj>erior  nieacuQterlc  arwry  And  Toin;  ii*>^  lufciicir  TCI»  csva.  ' 


The  structure  of  those  dncts  is  eesontially  the  aame.    They  have  a  proper  coat,  for 
of  white  fibrous  tissue,  a  few  elastic  fibres,  and  a  fe^y  non-striated  muscular  fibres.    Tb«| 
muscular  tissue  is  not  sufficientiy  diBtinct  to  form  a  separate  coat.     The  raueoaa  meiu* 
braue  is  always  found  tinfjed  yellow  with  the  bile,  even  iu  livinj^  animals.     It  is  markt«d| 
by  numeri>us  minute  excavations  and  is  covered  with  cells  of  columnar  eiiithelium.     Thia 
membrane  contaiuH  numerous  mucous  glands. 

The  gall-bladder  is  an  ovoid  or  pear-shaped  sac^  about  four  inched  in  length,  one  Inch] 
in  breadth  at  its  widest  portion,  and  capable  of  lioldin^  from  an  ounce  to  an  ounce  and 
half  of  tluid.     Its  fundus  Is  covered  entirely  with  peritoneiun,  hut  this  membrane  pa 
only  over  the  lower  surface  of  it^s  body. 

The  proper  coat  of  the  gall-bladder  is  composted  of  white  fibrout*  tisisue  witli  a  few  ' 
elastic  fibres.  In  some  of  the  lower  animals  there  in  a  distinct  tnuscnhir  coat,  but  a  few 
scattered  fibres  only  are  found  in  the  hurnrm  subject.  The  mucous  coat  is  of  a  yellow i«li  ' 
color  and  marked  with  numerous  very  small,  interlacing  folds,  which  are  exceedingly j 
vascular.  Like  the  membrane  of  tbe  ducts,  the  mucous  lining  of  the  gall-bladder  is  cov« 
ered  with  columnar  efiithelium.  In  the  gall-bladder,  are  found  numerous  smaU  racetiioi 
glands,  formed  of  from  four  to  eight  foHicles  lodged  in  the  submucous  atructure.  Thee^l 
are  essentially  the  same  as  the  glands  opening  into  the  ducts  in  the  eubstanco  of  the  Uvc}r,1 
and  tbey  secrete  a  mucus  wbieh  ismixe<l  witb  tire  bile. 


mechanism:  of  the  secretion  of  bile. 
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Xene*  ami  Lymphatic*  of  the  Liver, — ^The  nerves  of  the  liver  ore  derived  from  thei 
i^astric,  the  phrenic',  tind  the  solar  plexus  of  the  svTnpjithetic.  The  branches  of 
»  ..u  putfuiuo^a^^lric  |ienetrate  with  the  portal  vein,  while  the  bninohefi  from  tho  right 
[»DenrDO|^a^iic,  tlie  phreiiiCf  and  the  fiympathetio  surronnd  the  hcfmtio  artc^ry  tiud  tlie 
hepitic  duct*  All  uf  these  nefves  penetrato  at  the  transverse  fii^siire  and  follow  the 
bhiod-reisels  in  their  diatrihation.  Thtiy  liftve  not  been  traeed  farther  tJjnn  the  terminftl 
ritntficutions  of  the  capsnle  of  Gli^sun,  and  their  exact  mode  of  termination  is  unknown. 

Tim  i}"mphatic8  of  the  liver  are  very  numerous.  They  are  divided  into  two  layers: 
iImj  superficial  layer,  situated  ju^t  beneath  the  aeroas  membrane;  and  the  deep  layer, 
Imiml  tit  n  plexna  surrounding  the  lobtdes  and  situated  outside  of  the  blood- vesflels. 
Tbe  supertieial  lymphaties  trom  the  under  Hurfaee  of  the  liver,  and  that  portion  of  the  deep 
jjinjibatira  which  follows  the  hepatifs  veins  out  of  the  liver,  j>a8«  through  the  diuphragrm 
aQil  arc  connected  with  the  thoracic  glands.  Some  of  the  lymphatics  from  the  superior 
-u*  tee  join  the  deep  vesi^els  that  emerpe  at  the  transverse  fissure  and  pass 
,v  Uje  diuphragni,  while  others  pasi*  into  the  thoracic  cavity, 

Mcehanism  <^the  S^rrtion  and  DiMkarffe  of  Bile, — The  liver  has  no  anakigue  in  the 
ftaudular  system,  either  in  its  anivtomy  or  in  its  physiology.  There  is  no  ghind  in  the 
ecooomy  whicii  we  know  to  have  two  distinct  functions,  such  as  the  secretion  uf  bile  and 
tl>i*  produetioQ  of  certain  elements  destined  to  be  taken  up  by  the  current  of  blood  as  it 
!»*«<«  T'  :  '  In  other  words,  there  is  no  or^an  iti  the  body  which  has  at  the  same 
itm©  til  -  of  an  ordinary  secreting  gland  and  a  ductless  gland.     If  we  regard  the 

liy*»r-cella  a»  the  anatomictd  elements  which  produce  the  bile,  it  is  evident  that  iheil* 
Bomber  is  Terr  much  out  of  proportion  to  the  amount  of  bile  secreted;  and  the  liver 
itwlfia  au  organ  of  much  greater  size  than  it  *jeems  to  us  would  be  required  for  the  rncro 
•eeretion  of  bile^  We  explain  this  disj>roportionate  size  by  tlie  fact  that  the  liver  has 
uthcr  functions,  which  are  those  of  a  dnctlest?  gland. 

There  i^  no  gland  in  which  the  arrangement  of  secreting  tubes  is  the  same  as  in  the 
liter.  It  is  hardly  possible  that  the  intercellular  plexus  of  fine  tubes  in  the  lobules  should 
•:  but  the  plexiis  of  origin,  or  tlie  secreting  portion  of  the  hepatic  duct  These 
^  not  blood-vessels,  and  the  only  vessels  that  coiUd  have  tlie  appearance  we 
bav«  d«def tiled,  except  the  bile-ducts,  are  the  lymphntics;  but  the  communication  be- 
tea  tbf«e  foasels  and  the  excretory  bile-ducts,  and  the  fact  that  they  have  been  seen 
!nded  with  bile  in  icteric  livers^  are  pretty  conclumve  evidence  of  their  nature.  This 
gement,  then,  must  be  regarded  as  peculiar  to  the  liver,  as  the  arrangement  of  a 
eftpUhiry  plexus  surrounded  with  cells  and  enveh^pcd  In  a  dilated  extremity  of  a  secreting 
tube  is  peculiar  to  the  kidney  and  is  found  in  no  other  gkudnlar  organ. 

Do  tho  liver-cells,  situated  outside  of  the  plexus  of  origin  of  the  biliary  duct,  secrete 
tfis  bile,  which  is  tMken  up  by  these  delicate  vessel?^  and  carried  to  the  excretory  biliary 
piueagesf  There  are  yery  good  reasons  for  answering  this  question  in  the  athrraative ; 
dthough,  if  we  do,  we  must  recognize  the  fact  that  the  same  cells  proiluce  glycogenic 
matter.  As  far  as  we  are  able  to  underntand  the  mechanitim  of  secretion  (except  in  the 
produetion  of  milk),  it  seems  necessary  that  a  formed  anatomical  element,  known  as  a 
vecredng  cell,  should  elaborate,  from  materials  furnished  by  the  blood,  the  elements  of 
•ecretion  \  and  this  cannot  be  accomplished  by  a  structureless  membrane  like  that  which 
fortUA  the  walls  of  the  bile-ducts.  Under  this  view,  assuming  that  bile,  as  bile,  first 
m&kei*  its  uppcaranee  in  these  little  lobular  tubes,  the  liver-cells  are  the  only  anatomical 
elements  i^apable  of  producing  the  secretion.  With  regard  to  tJie  mechanism  of  this 
tecretlng  action,  we  have  nothing  to  say  beyond  our  general  remarks  in  a  previous 
cliaptcr.  With  the  view  we  have  just  expressetl,  certain  elements  of  the  bile  are  sep- 
arated from  the  blood,  and  others  are  manufactured  out  of  Tnaterials  furnished  by  the 
blood  by  the  liver-cells  and  are  taken  up  by  the  delicate  plexus  of  vessels  situated  between 
tiM  c^Qa.    Tbe  diaolmrge  of  the  fluid  is  like  the  discharge  of  any  other  of  the  secretions, 
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except  that  ft  portion  is  temporarilj  retained  in  a  divertionlnm  from  the  main  duct,  tbo 

f^all-bladder.  I 

The  two  distinct  functions  of  the  liver  now  recopiized  by  many  phy^iologiftta»  nam<»)y, 
the  secretion  of  bUe  anil  the  formation  of  sugar,  have  led  to  the  question  of  the  (*x1*icnco 
in  the  liver  of  two  anatomically  diiftinct  portions  or  organs,  corresponding  to  ira  donble 
physiological  fnnetion.  This  view,  indeed,  has  been  advanced  by  several  eminent  Anato- 
mists^ Robin  recognizes  two  distinct  parts  in  the  liver ;  a  biliiiry  organ  and  a  glycogenic  M 
organ.  He  regards  the  lobnlea,  with  their  Uver*celis  and  blood-vessels,  as  the  parts  eon-  ■ 
oerned  in  the  glycogenic  function  of  the  liver,  and  the  little  glanda  which  open  into  ttie 
biliary  ducta  all  along  their  course  (see  Fig.  133)  and  are  arranged  on  the  duct  ^*  in  tlie 
form  of  leaves  of  fern,^'  as  the  biliary  organ.  The  same  independence  of  the  glycc^ooio 
and  biliary  portions  of  the  liver  has  been  argued  by  others. 

The  fact  that  bile  is  found  in  the  lobular  canals  and  the  demonstration  of  tlie  direct 
oomnmnicalion  of  these  canals  with  the  excretory  biliary  duct^  are  powerful  argnmeati 
in  favor  of  tlie  view  that  the  bile  U  formed  in  the  lobules,  and  pntbahly  by  the  liver-ceDst. 
What,  then,  is  the  function  of  the  little  acini  connected  exclusively  with  the  biliary  doctat 
The  similarity  of  their  structure  to  that  of  the  ordinary  mucous  ghmds,  and  to  the  nmcoos 
glands  of  the  gull-bladder  especially,  would  lead  to  the  supposition  that  they  secrete  a 
mucous  fluid.  It  is  well  known  that  the  bile  taken  frara  the  gall-bladder  contains  more  ^ 
mncQs  than  that  discharged  directly  from  the  liver ;  but  the  bile  of  the  hepatic  duet  in  fl 
most  animals  is  somewhat  viscid  and  contains  a  certain  amount  of  mucus.  This  is  tht» 
view  entertained  hy  Sappey,  who  states  that  the  bile  is  viscid  in  different  animals  in  pro* 
portion  to  the  development  of  these  little  glands ;  and^  in  the  rabbit,  in  which  the  gUnd^ 
do  not  exist,  the  bile  is  remarkably  fluid. 

Inasmuch  as  there  is  no  direct  evidence  that  the  racemose  glands  attached  to  tha  j 
excretory  birmry  passages  have  any  thing  to  do  wttli  the  secretion  of  the  essentiaJ  con- 
stituents of  the  bile,  and  as  they  are  not  even  to  be  found  in  some  animals  that  produce  m  I 
considerable  quantity  of  bile,  we  must  regard  the  question  of  the  isolation  of  two  organs  j 
in  the  liver,  one  for  the  secretion  of  bile  and  the  other  for  the  production  of  sugar,  as  itill 
unsettled.  There  is  no  evidence,  indeed,  that  the  bile  ia  secreted  anywhere  but  in  tlie] 
hepatic  lobule?!. 


Secret  ion  of  BiU  from  Venom  or  Arttrial  Bhod. — Numerous  experiments  have  been 
made  with  tho  view  of  deteriuining  whether  the  bile  be  secreted  from  t!ie  blood  broitghi  j 
to  the  liver  by  the  portal  vein  or  from  the  blood  of  the  hepatic  artery.     The  immens 
quantity  of  blood  distributed  in  the  liver  by  the  portal  vein  led  first  to  the  opinion  tha6 
the  impurities  were  separated  from  this  lilowl  to  form  the  bile,  and  that  the  hepatiol 
artery  had  little  or  nothing  to  do  with  the  secretion.     But,  since  Bernard  discovtTed  the] 
glycogenic  function  of  the  liver,  this  siibjtHH  has  assumed  additional  importance  ;  and  it] 
becomes  a  question  whether  the  materirds  for  tho  secretion  of  bile  may  not  be  furnisltcd] 
by  one  vessel  (tlie  hepatic  artery  >,  while  the  oilier  (tlie  portal  vein)  is  specijdly  con- 
cerned in  the  formation  of  glycogenic  matter.     This  theoretical  view,  however,  is  not  I 
oiirried  oat  by  well-established  anatomical  facta  or  by  pliysiological  experimenta.    It  is  ] 
not  yet  possible  to  separate  the  liver  anatomically  into  two  organs,  one  for  the  secretif*iil 
of  bile  and  the  otiier  fur  the  production  of  sugar.     It  seems  certain,  also,  from  nnmeroua-l 
experiments,  that  bile  nifiy  be  secreted  from  the  blood  of  the  portal  vein  after  a  ligature  f 
has  been  applied  to  the  liepntic  artery  ;  and  it  is  e<jna1ly  certain,  from  the  recent  eipcri* 
ments  of  Ore,  that,  if  the  portal  vein  be  obliterated  so  gradually  that  the  animal  dfn'g  not] 
die  from  the  operation,  bile  is  secreted  from  the  blood  of  the  hejintic  artery.     In  support] 
of  this  view,  several  instances  of  obliteration  of  the  portal  vein  in  tho  human  subject  or 
cited  in  works  upon  physiology.     In  a  note  to  the  communication  of  Or6  in  tho  €&mpl 
rendu$^  Andral  reports  tho  case  of  a  patient  that  died  of  dropsy,  and  on  post-morten 
examination  the  portal  yein  waa  found  obliterated.    In  this  instimce  the  gall-bladder 
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T8S  found  fVill  of  bile.  In  liddltion,  instances  in  whicli  the  i>ortai  vein  emptied  into 
till*  veQA  cava  have  been  reported,  and  m  none  wtiB  there  anjr  d<ificiency  in  the  accretian 
of  btlc. 

Mthe  fnp^riinent*  upon  the  cfTeete  of  tying  the  hepatic  artery,  and  the  obserTntions 

■ironcefl  of  obliteration  of  tlie  portal  voin  jind  of  congenital  iiJalformation,  in  which 

i   r  tal  Vein  doe«  not  go  to  the  liver,  be  equally  reliable^  there  18  but  one  conclusion 

»,j  U  drawn  from  them;  and  that  i»,  tliat  bile  nmy  be  st^ereted  from  either  venous  or 

rrtrrial  blood.     Tliis  view  is  not  infxmsistent  with  what  we  know  of  the  general  process 

»  Uun  and  its  applications  to  the  production  of  lole.     Regarding  tlie  hile  as  in  part 

r.'mentitious  tiuid,  its  effete  element^  cholesteriueT  U  contained  botlt  in  the  blood 

of  tlM»  portal  vein  and  the  hepatic  artery*     Its  ix'orementitiouti  principles,  glycocho- 

iilce^  laurocholates^  etc.,  we  (suppose  are  produced  de  n<^t{f  in  the  liver,  out  of  materiolB 

Imibhed  by  the  blood.    The  exact  nature  of  the  production  of  elenjcnts  of  secretion  by 

llaodrdor  cells  wo  do  not  understand  ;  hut  tfiero  is  no  good  reason  to  suppose  tlutt  the 

|i(riiM!ipl<«  necessary  for  the  forioation  of  bile  may  not  be  furniiihed  by  the  blood  of  the 

portftl  yein,  as  well  a»  by  the  hepatic  artery. 

The  vieur  most  nearly  in  iiccordauce  with  all  the  facts  bearing  on  the  question  is,  that 
hO^  i§  prc^Juced  in  the  liver  from  tbe  Mood  distributed  in  its  substance  by  the  portal  vein 
and  the  hepatic  artery,  and  not  from  either  of  these  vessels  exduBivcly ;  and  that  the  bile 
may  eontinne  to  be  secreted,  if  either  one  of  these  vessels  be  obliterated,  provided  llio 
ia{«ply  of  blood  be  sufficient. 

Qttnntitjf  of  Bile. — The  estimates  of  the  daily  quantity  of  hile  in  the  human  subject 
muAt  bo  merely  approximative ;  and  our  only  ideas  on  this  point  arc  derived  IVom  experi- 
ments npou  the  inferior  tmimals.  The  most  complete  and  reliable  observations  upon  this 
ioyeot  are  those  of  Bidder  and  Schmidt,  which  were  made  upun  animalg  with  a  li&tula  into 
tho  gnlNbladder,  the  ductus  communi?^  having  been  tied.  These  observers  found  great 
variations  in  the  dnily  quantity  in  different  classes  of  animals,  tlie  quantity  in  the  car- 
luvoni  being  the  smalk^st.  Applying  their  resulta  to  the  human  subjoi  t^  ass^uming  that 
the  aroonnt  is  about  equal  to  tbe  quantity  secreted  by  the  carulvora^  the  daily  secretion 
in  a  man  weighing  one  hundred  and  forty  pounds  w  ould  be  about  two  and  a  half  pounds. 

VariationM  in  the  Flow  efthe  Bile, — We  hfive  already  considered,  nnder  the  head  of 
difcfttioQ,  tiie  variations  in  the  flow  of  bile  and  their  relation  to  the  process  of  intestinal 
digestion.  It  is  suflicient  in  this  connection  to  repeat  that  the  discharge  from  a  biliary  fis- 
loli  in  a  dog  Increases  immediately  after  eating ;  that  it  is  at  its  maximum  from  the  second 
tc* ' '  '  '  li  hour,  during  which  time  it  does  not  vary  to  any  great  extent ;  after  the  eighth 
h'  n*  to  diminii?h  ;  and,  from  the  twelfth  liour  to  the  time  of  feeding,  it  is  at  its 

miniuiufii.  These  facts  show*  that,  while  the  bile  is  <)ischarged  much  more  abundantly 
daring  intestinal  digestion  than  during  the  intervals  of  digc?stion,  its  production  and  dis- 
charttt^  are  constant.  Tins,  as  we  shall  see  farther  on,  is  a  strong  argument  in  favor  of 
the  view  that  the  liver  has  an  excrementitious  function. 

The  bilo  is  stored  np  in  the  gall-bhtdder  to  a  cont^idernble  extent  during  the  intervals 

t^'  ^'  u.  If  an  animal  bo  killed  at  this  tinje,  the  gall-bladder  is  ahvnys  distended ; 
ud  empty,  or  nearly  so^  in  animals  killed  during  digestion. 
The  icthicnce  of  the  nervous  system  cqion  tlie  secretion  of  bile  has  been  very  little 
liod,  and  the  question  is  one  of  great  difficulty  and  obscarity.  The  liver  is  supplied 
^ry  nlmrifhintly  with  nerves,  both  from  tlic  cerLbro-s[)inal  and  the  sympathetic  system, 
md  »onie  observations  have  been  made  upon  the  infl\ience  of  the  nerves  upon  its  glycogenic 
fluietiaa ;  but,  with  regard  to  the  secretion  of  bile,  we  can  only  apply  onr  general  remnrka 
CQOc«ming  the  intlnence  of  the  nervous  system  on  secretion, 

Ttm  bile  is  discharged  through  the  hepatic  ducts  like  the  secretion  of  any  other  gland. 
Doriii^  digeaftiom,  the  dnid  accumulated  in  the  gall-bladder  passes  into  the  ductus  com- 
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munis,  in  part  by  contractions  of  its  walls,  and  in  part,  probably,  by  compression  exerted 
by  the  distended  and  congested  digestive  organs  adjacent  to  it.  It  seems  that  this  flnid, 
which  is  necessarily  produced  by  the  liver  without  intermission,  separating  from  the  blood 
certain  excrementitioos  matters,  is  retained  in  the  gall-bladder  for  use  during  digestion. 

Functions  of  the  Bile. 

Although  the  function  of  the  bile  in  intestinal  digestion  is  essential  to  life,  we  know 
very  little  of  its  mode  of  action  ;  and  we  have  thought  proper  to  defer  until  now  a  full 
consideration  of  the  properties  and  composition  of  this  secretion.  For  an  account  of  what 
is  known  of  its  digestive  function,  the  reader  is  referred  to  the  chapters  treating  of  diges- 
tion. We  shall  show,  in  this  connection,  that  the  liver  excretes  one  of  the  most  important 
of  the  effete  principles ;  but,  before  taking  up  the  relations  of  the  bile  as  an  excretion,  it 
will  be  necessary  to  study  its  general  properties  and  composition. 

General  Properties  of  the  Bile, — The  secretion,  as  it  comes  directly  from  the  liver,  is 
somewhat  viscid ;  but,  after  it  has  passed  into  the  gall-bladder,  its  viscidity  is  much 
increased  from  a  farther  admixture  of  mucus. 

The  color  of  the  bile  is  very  variable  within  the  limits  of  health.  It  may  be  of  any 
shade  between  a  dark,  yellowish-green  and  a  reddish-brown.  It  is  semitransparent,  ex- 
cept when  the  color  is  very  dark.  In  different  classes  of  animals,  the  variations  in  color 
are  very  great.  In  the  pig  it  is  bright-yellow  ;  in  the  dog  it  is  dark-brown  ;  and  in  the 
ox  it  is  greenish-yellow.  As  a  rule,  the  bile  is  dark-green  in  the  camivora  and  greenish- 
yellow  in  the  herbivora. 

The  3pecific  gravity  of  the  human  bile  is  from  1020  to  1026.  When  the  bile  is  per- 
fectly fresh,  it  is  almost  inodorous,  but  it  readily  undergoes  putrefactive  changes.  It 
has  an  excessively  disagreeable  and  bitter  taste.  It  is  not  coagulated  by  heat.  When 
mixed  with  water  and  shaken,  it  becomes  frothy,  probably  on  account  of  the  tenacious 
mucus  and  its  saponaceous  constituents. 

It  is  generally  stated  that  the  bile  is  invariaWy  alkaline.  This  is  true  of  the  fluid  dis- 
charged from  the  hepatic  duct,  although  the  alkalinity  is  not  strongly  marked ;  but  the 
reaction  varies  after  it  has  passed  into  the  gall-bladder.  Bernard  found  it  sometimes  acid 
and  sometimes  alkaline  in  the  gall-bladder,  in  animals  (dogs,  and  rabbits)  killed  under 
various  conditions ;  but  many  of  these  animals  were  suffering  from  the  effects  of  severe 
operations.  In  the  hepatic  ducts  the  reaction  is  always  alkaline  ;  and  there  are  no  obser- 
vations on  human  bile  that  show  that  the  fluid  is  not  alkaline  in  all  of  the  biliary  passages. 

We  have  already  noted  the  fact  that  the  epithelium  of  the  biliary  passages  is  strongly 
tinged  with  yellow,  even  in  living  animals.  This  is  due  to  the  remarkable  facility  with 
which  the  coloring  principle  of  the  bile  stains  the  animal  tissues.  This  is  very  well  illus- 
trated in  icterus,  when  even  a  small  quantity  of  this  coloring  matter  finds  its  way  into  the 
circulation. 

Perfectly  normal  and  fresh  bile,  examined  with  the  microscope,  presents  a  certain 
amount  of  mucus,  the  characters  of  which  we  have  already  described.  There  are  no 
formed  anatomical  elements  characteristic  of  this  fluid.  The  fatty  and  coloring  matters 
are  in  solution  and  not  in  the  form  of  globules  or  granules. 

CofnpositiOJi  of  the  Bile. 

It  is  a  remarkable  fact,  that,  although  the  bile,  in  a  perfectly  fresh  and  normal  con- 
dition, may  be  obtained  from  the  inferior  animals  with  the  greatest  facility,  no  satisfac- 
tory analyses  of  its  characteristic  principles  were  made  before  the  examinations  of  ox- 
gall by  Strecker,  in  1848.  Tlie  bile  is,  however,  one  of  the  most  important,  but  least 
understood,  of  the  animal  fluids ;  and  our  scanty  information  with  regard  to  its  func- 
tions has  been  in  a  measure  due  to  the  want  of  an  exact  knowledge  of  its  physiological 
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chemiatry.  We  shall  study  the  composition  of  the  bile  very  closely,  and  shall  show  that 
it  contains  two  classes  of  constituents :  one  class — elements  of  secretion — which  is  reab- 
sorbed ;  and  another — an  element  of  excretion — which  is  discharged  in  a  modified  form 
in  the  £»ces.  The  latter  involves  a  newly-described  function  of  the  liver,  but  our  infor- 
mation is  much  more  positive  and  definite  concerning  it  than  with  regard  to  the  digestive 
action  of  the  bile.  In  treating  of  the  subject  of  digestion,  wo  have  already  indicated 
some  of  the  difiiculties,  which  have  been  but  imperfectly  overcome,  in  the  study  of  the 
action  of  the  bile  as  a  true  secretion,  or  a  recrementitious  fluid.  The  reason  why  the 
same  obscurity  has  prevailed  with  regard  to  the  function  of  the  bile  as  an  excretion  is 
that  physiologists  have  regarded  what  are  known  as  the  biliary  salts  as  the  only  really 
important  constituents ;  and  these  salts  have  eluded  chemical  investigation  after  the  dis- 
charge of  the  bile  into  the  small  intestine.  Our  recent  positive  knowledge  of  the  excre- 
mentitious  function  of  the  liver  is  duo  to  the  recognition  of  cholesterine,  an  invariable 
constituent  of  the  bile,  as  one  of  the  most  important  of  the  elements  of  excretion. 

Composition  of  Human  Bile,     (Robin.) 

Water 91600  to  819-00 

Taurocholate,  or  cholcate  of  soda 6660   "    10600 

Glycocholate,  or  chelate  of  soda traces. 

Gholesterine 062  to      266 

Bniverdine 1400   "     3000 

Lecithene ,  „  ^^   ,,     «,  ^^ 

3-20   "     8100 


I- 


Margarine,  olcine,  and  traces  of  soap: 

GhoHne traces. 

Chloride  of  sodium 2*77  to  360 

Phosphate  of  soda 1-60   "  2-50 

Phosphate  of  potassa 0*76   **  1-60 

Phosphate  of  lime 060   "  1-35 

Phosphate  of  magnesia 0*46   '*  080 

Salts  of  iron 016    "  030 

SalU  of  manganese traces  "  012 

Silicic  acid 003   "  006 

Mucosinc traces. 

Loss 3-43  to  1-21 

1,(KX>-C)0     1,00000 

There  are  no  peculiarities  in  the  composition  of  the  bile,  as  regards  its  inorganic  con- 
stituents, which  demand  more  than  a  passing  mention.  It  contains  no  coagulable  organic 
principle,  except  mucosine,  and  all  of  its  constituents  are  simply  solids  in  solution.  The 
qoantity  of  solid  matter  is  very  large,  and  the  proportion  of  water  is  relatively  small ;  but, 
in  comparing  its  proportion  of  water  with  that  of  other  fluids  in  the  body,  as  the  blood- 
pla.«ma,  lymph  and  chyle,  milk,  etc.,  it  must  bo  remembered,  as  is  suggested  by  Robin, 
that  all  of  these  contain  water  entering  into  the  composition  of  their  coagulable  prin- 
ciples ;  so  that  their  proportion  of  water,  as  it  is  ordinarily  given,  is  really  not  greater 
than  in  the  bile.  Among  the  inorganic  salts,  we  find  chloride  of  sodium  in  considerable 
qaantity  and  a  large  proportion  of  phosphates.  We  also  note  the  presence  of  salts  of 
iron,  of  mancranese,  and  a  small  proportion  of  silicic  acid. 

The  fatty  and  saponaceous  matters  demand  hardly  any  more  extended  consideration. 
A  small  quantity  of  margarine  and  oleine  are  held  in  solution,  partly  by  the  small  pro- 
portion of  soaps,  but  chiefly  by  the  taurocholate  of  soda.  These  principles  sometimes 
exist  in  larger  quantity,  when  they  may  be  discovered  in  the  form  of  globules.  The  pro- 
portion of  soaps  is  very  small.  I-recithene,  a  phosphorized  fat,  is  mentioned  by  Robin  and 
others,  but  its  constitution  is  not  definitely  settled.     All  that  is  known  of  this  principle 
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is  thftt  it  is  A  neutral  fatty  eabstanco  extracted  from  the  bllS^l^ifl  capablo  < 
d€>coin[HiHed  into  phaspiiuric  acid  and  glycerine.     Cboltne  is  a  peculuir  alkaloid  foui 
the  bile  in  exceedingly  minate  quantity. 

Biliary  Salts. — The  principles  wlucli  we  have  called  biliary  salts  are  compoondu  of 
Boda  witU  peculiar  organic  acids,  found  nowhere  but  in  the  liver^  and  undoubtedly  pro- 
duced in  this  organ  from  materials  furnished  by  the  blood.  The  fact  that  the  bile  pos- 
sesses pccidiar  principles  has  long  been  recogniited.  It  is  unnecessary^  however,  to 
follow  out  in  detail  the  earlier  chemical  investigutions  into  their  properties;  for  tbu 
biliary  matter  of  Herzelius  and  the  picromel  and  biliary  resin  of  Tbenard  are  now  known 
to  be  composed  of  several  distinct  proximate  principles.  Our  exact  knowledge  of  these 
substances  dates  from  the  analyises  of  ox-bile  by  Strocker.  He  obtained  two  peculiar 
acids,  cholic  and  choleic  Qcid^  wliich  he  found  in  the  bile^  in  couibioation  with  scida.  In 
tlic  subsequent  researches  of  Lebmann,  these  acids  are  called,  rc^h^pectively,  gljcocholic  fl 
and  taurocholic  acid,  and  the  aalts,  glycoeholate  and  taurocholate  of  soda.  " 

In  human  bile,  the  proportion  of  glycocholate  of  soda  is  very  snmll»  the  biliary  mat- 
ter existing  almost  entirely  in  the  form  of  the  taurocholate*  The  taurocholate  may  be 
precipitated  from  an  alcoholic  extract  of  bile  by  ether,  in  the  form  of  dark,  re«inoui 
drops.  These  do  not  crystallize,  and  the  amount  of  glycocholate,  which  is  precipitated 
in  the  same  way  and  soon  assumes  a  crystiilliae  form,  is  very  slight.  Prof.  Dalton^  who 
has  studied  tlie  biliary  salts  very  closely,  at  first  waa  unable  to  obtain  any  crystalline 
matter  from  human  bile,  but  be  baa  lately  found  it  in  minute  quantity. 

Taurocholute  of  Soda. — There  ia  some  doubt  whether  the  resinous  drops  obtained  by 
the  addition  of  an  excess  of  ether  to  a  strong  alcoholic  extract  of  bile  consist  of  a  proxi- 
mate principle  in  a  perfectly  pure  state.  These  drops  are  not  crystallizable,  and  this  has 
led  to  the  opinion  that  tliey  are  impure-  In  fact^  even  now,  there  is  a  certain  amount  of 
obscurity  with  regard  to  the  character  of  these  peculiar  biliary  salts.  In  ox-bile,  the 
non-crystalliznblo  and  the  cryatnllizahle  salts  exist  together;  btit^  in  human  bile,  the 
greatest  part  is  in  the  frjnn  of  what  we  know  as  the  taurocholate  of  soda. 

These  salts  may  bo  readily  obtained  from  ox-blle  and  separated  from  each  other  by 
the  following  process :  The  bile  is  first  evaporated  to  dryness  and  pulverized.  The  dry 
residue  is  then  extracted  with  absolute  alcohol  and  filtered.  In  this  part  of  the  prooe«| 
Dr,  Dalttm  uses  five  grains  of  the  dry  re**idae  to  one  fltiidrachm  of  alcohol.  Tlie  filtered 
tluid  is  of  a  clear,  yellowish  colorj  and  it  contains  fats  and  coloring  matter,  in  addition  to 
the  biliary  salts.  To  precipitate  the  biliary  salts,  a  small  quantity  of  ether  is  adde<3, 
which  produces  a  dense,  white  precipitate  that  redissolves  by  agitation.  Another  smidl 
qufintity  of  ether  is  again  added,  and  the  precipitnte  tlms  produced  is  dissolved  by  shjik- 
ing  the  mixture.  This  process  is  repeated  carefully,  adding  the  ether  and  shaking  tli0J 
mixture  after  each  step,  until  the  precipitate  becomes  permanent.  An  excess  of  etlier-H 
from  eight  to  ten  times  the  bulk  of  the  alcoholic  extract  used— is  then  added^  the  test-"^ 
tube  or  flask  is  carefully  corked,  and  the  mixture  is  set  a«ide  to  crystallize.  Gradnally 
the  dense,  white  precipitate  falls  to  the  bottom  of  the  vessel  or  becomes  attached  in  th# 
form  of  resinous  drops  to  the  sides  of  the  glass;  and  in  from  six  to  twenty-four  hours  it 
begins  to  form  delicate,  acicular  crystals,  arranged  in  rosettes.  These  are  crystals  of  tha< 
glycocholate  of  swla ;  and  the  non-crystallizable  matter  remaining  is  the  taurocholate  of 
soda. 

To  separate  the  biliary  salts  from  each  other,  the  ether  is  rapidly  poured  otT,  and  thar 
crystalline  and  resinous  residue  is  dissolved  in  distilled  water.  On  the  addition  to  this 
solution  of  a  littlo  acetate  of  lead,  the  glycocholate  is  decomposed  and  precitiiiatcd  in  the 
form  of  glycocholate  of  lend,  leaving  the  taurocholate  in  solutinn,  Tbe  glyco^diohite  of 
lead  is  then  separiited  by  filtration,  and  the  subacetate  of  lead  is  added  to  the  filtered 
fiiiid.  This  deconipoHcs  the  taurocholate,  and  the  tnurocholate  of  load  is  precipitated. 
The  sabacetate  of  lead  will  decompose  both  the  glycocholate  and  the  taurocholate,  bnt 
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ih«  glyooeboUte  on\f  is  acted  Qp\)n  by  the  acetate  of  lead.  The  glycochokte  and  thu 
f,i*«f(K»halttte  uf  lead  are  then  carefuJly  washed  and  treated  separately  witli  the  carbouate 
|i^9(xla,  wblclA  gives  Ibe  gri^nal  isalU  in  nearly  a  pure  state. 

The  toiirocholate  of  soda  is  a  proximate  principle  of  the  title;  and  it  b  not  necessary 

ftiUy  in  detail  the  purely  chemical  processes  by  which  it  is  decomposed. 

-  care,  tlie  taiirocholio  acid  may  bo  obtained  in  a  state  uf  tolerublc  purity,  and, 

uugied  boiling  with  potash,  it  may  be  deoomposcd  into  a  new  acid  an<l  taurine. 

atiwinn  exit^tjs  in  the  books  about  the  name  of  this  new  acid.     Htrecker  calls  it 

,  and  he  applies  the  mime  of  cholic  acid  to  what  wc  have  descnbed  as  glyco- 

As  we  havu  adopted  the  nomencdature  of  Lebmaun^  we  shall  call  itcholie 

icitL    It  mo«t  be  remembered,  however,  that  these  substances  are  formed  artificially  and 

iro  nrrt  tnie  proximate  principles.     They  have  been  described  in  explanation  of  the  nnmo 

III TtM'bulic  acid,  which  has  been  applied  to  this  acid  on  tlie  ftssumption  that  the  different 

iiiijarv  ut]tU  are  formed  of  cholic  acid  united  with  tjiurine  or  other  basic  substances^ 

h  fii  riiun  bile  he  treated  in  the  manner  just  described^  Impiently  no  crye>lalline  mat- 

iied,  flnd,  when  it  exists,  it  is  in  very  small  «|uantity.     The  great  mass  of  tho 

i-4  composed  of  the  taurocholate  of  soda,     Thii,  when  it  has  been  thoroughly 
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panned,  h  whitish  and  gummy,  very  soluble  In  water  and  alcohol,  and  iDsolabloin  ether. 
\  b  mdted  with  «%ht  heat  and  is  inflammable.     Its  reaction  is  neutral.    It  has  a  pecul* 
^  •wcetish-bitter  taste.     The  7)roportion  of  tliis  principle  in  the  bile  in  always  very  large, 
t  to  considerable  variation.     It  ha*  very  little  in  common  with  the 
_     .  either  in  its  gent^ral  properties  or  composition,  inasmncli  as  it  is 
sly  insoluble  in  etber,  and  its  acid  contains  nitrogeu.     Another  peculiarity  in  its 
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composition,  and  one  wLich  serves  to  distinguish  it  from  the  plycncljokte  of  soda,  is  tliat  | 
It  contains  two  atoms  of  Bulphur,     One  of  its  iniportHnt  properties  in  tbe  btltj  is  tbiit  tl 
aids  in  the  solution  of  the  fats  contained  in  this  fluid,  and  to  a  certain  extent,  proboblj» 
in  the  solution  of  cJiolcisterine. 

Olycoefwlate  of  Soda. — We  have  necessarily  described  the  process  for  the  extraction 
of  the  gljeocholate  of  soda,  in  connection  with  the  taurocholate.     The  plycocholalt*  u  | 
crystallizable  and  is  more  easily  obtained  in  a  condition  nf  purity.     The  chemicaJ  pciint5 
of  diiference  between  these  salts  are,  that  the  glycoeholate  la  precipitiited  by  the  acetate 
of  lead  as  well  m  the  siibaeetate^  the  acetate  having  no  etfect  npon  the  taurocholatc  of  | 
8oda^  and  that  the  glycocholio  acid  does  not  contain  j^ulphiir.     By  treating  glycocholic 
acid  with  potash  at  a  high  temperature,  it  is  decomposed  into  choHc  acid  and  gljrcine,  or  * 
glycocolL     It  is  this  which  has  given  it  the  name  of  glycocholic  acid.     In  their  phj«id> 
logical  relations,  the  two  biliary  salts  are,  as  far  as  we  know,  identicid. 

Origin  of  the  Biliary  Salte, — There  can  he  no  doubt  that  these  principles  are  ele- 
ments of  secretion  and  are  produced  de  novo  in  the  substance  of  the  liver  In  no 
instance  have  they  ever  been  discovered  in  the  blood  in  health  ;  and,  although  they  pre- 
sent certain  points  of  resemblanee  with  some  of  the  constituents  of  the  urine»  they  havtJ 
never  been  found  in  the  excreta.  In  experiments  made  by  Mftller,  Ktinde^  Lehmano,  and 
Moleschottt  on  frogs,  in  which  the  liver  was  removed  and  the  animal  survived  several 
days,  and,  in  the  observations  of  Moleschott,  between  two  and  three  weeks,  it  was  found 
impKWsiblo  to  determine  the  accniiuilation  of  the  biliary  sxdts  in  the  blood.  There  i»  no 
reason,  therefore,  for  stipposin^^  that  these  principles  are  products  of  disassimilation. 
Once  discharged  into  the  intestine,  they  undergo  certain  ehani;:es  and  can  no  longer  be 
recognized  by  the  usual  tests;  but experiioents  have  shown  that,  chan^^ed  or  Qnchauged, 
they  are  absorbed  with  the  elements  of  food.  They  are  probably  the  elements  ceo* 
earned  in  the  digestive  function  of  the  bile. 


ChoUsterine. — ^Before  the  pnhhcation^  in  1802,  of  a  memoir  on  a  new  excretory  func- 
tion of  the  Jjver,  the  function  aud  relations  of  chulcaterine  were  not  known,  and  this  sub* 
stance  was  hardly  mentioned  in  most  works  on  physiology.  As  we  believe  that  it  mnrt 
now  be  recognized  as  one  of  the  most  important  of  the  products  of  disassimilation.  It 
becomes  interesting  and  important  to  study  its  properties  more  closely. 

Oholesiterine  is  now  recognized  as  a  normal  constituent  of  various  of  ihe  tisenes  and 
flnids  of  tlie  body.  Most  authors  state  that  it  is  found  in  the  bile,  blood,  liver,  nervotts 
tissue,  crystalline  lens,  meconium,  and  fa>cal  matter.  We  have  fonnd  it  in  all  these  sitna- 
tions,  with  the  eice[jtion  of  the  fasces,  where  it  tlocs  not  exist  normallv,  being  tmna- 
formed  into  stercorine  in  its  passage  down  the  intestinal  canal. 

hi  the  fluids  of  the  body,  eholesterino  exists  in  solution  ;  but  by  virtue  of  what  con- 
stituents it  is  held  in  this  condition,  is  a  question  that  is  not  entirely  settled.  It  is  stated 
that  the  biliary  salts  have  the  power  of  holding  cholesterine  in  solution  in  the  bile,  and 
that  the  small  amount  of  fatty  acids  contained  in  the  blood  holds  it  in  solution  in  that 
fluid  i  but  direct  experiments  on  this  point  are  wanting.  In  tljc  nervous*  substance  and 
in  the  crystalline  lens,  it  is  united  ^^  rrwltmle  d  molecxiU  "  to  the  other  elements  which  go 
to  fijtike  up  these  tissues.  After  it  is  discharged  into  the  intestinal  canal,  when  tt  is  not 
changed  into  stercorine,  it  is  to  be  ft>imd  in  a  crystalline  form,  as  In  the  meconium  and 
in  the  fteces  of  animals  in  a  ptatc  of  hibernation.  In  patli<tlogical  fluids  and  in  tumor«s 
it  is  found  in  a  crystaHino  form  and  may  be  detected  by  microscopical  examination. 

Cholesterine  is  usually  described  as  a  non- nitrogen! zed  principle,  having  all  the  prop- 
erties of  the  fats,  except  that  of  saponification  with  ttie  alkalies.  It  is  neutral,  inodor* 
ona,  crystaliizable,  instjlnhle  in  water,  solcible  in  ether,  very  soluble  in  hot  alct>hi>l,  thongb 
sparingly  soloblo  in  coM  alcohol.  It  is  inflammable  and  burns  with  a  bright  tlamc.  It 
is  not  attacked  by  the  alkalies,  even  after  prolonged  boiling.     When  treated  with  strong 
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bone  jicid,  it  strikes  a  peculiar  red  color,  which  i»  mentioned  by  feme  as  characteristic 
uf  cLoltsttterine.  We  hnYe  found  that  it  possesses  this  character  in  cuiumou  wilh  the  so- 
called  seroline. 

CboleBlerine  may  easily  and  certainly  he  reoogiiized  by  the  fomi  ot  its  crystals^  the  char* 
•dan  of  which  can  be  faadt3  out  by  means  of  the  mieroseope.     They  are  rectau^'nlar  or 
liiociiboidal,  exceedingly  thin  and  trauj^parent.  of  variable  sizv,  with  distint-t  and  gonerully 
regular  borders,  and  frequently  are  arranged 
m  lajvrS)  wilh  the  burders  of  the  lower  stra- 
lA  skewing  Uirongh  tbose  which  are  super- 
This  arrangement  uf  the  crystals 
I  place  when  chQlesteriuo  is  present  in 
ierable  <piiintity.   In  pathological  .sj^ieci- 
the  crystals  are  yfencrally  few  in  num- 
cr  and  i&*>lated,    Tbe  plates  of  cholesterine 
are  ftei^Qently  marked  by  a  cleavage  at  one 
comer,  the  lines  running  parallel  to  the  bor- 
ders; and  fre»piently  they  are  broken,  and 
the  Ime  of  fracture  is  generally  nndulatiug. 
^  -  ■■jt^ntly  the  plates  ure  rectangular,  and 
iiaes  they  are  almost  lozenge -shaped. 
'♦,'  transparency  of  the  plates,  the 
'  of  their  borders,  and  their  ten- 
♦itiu?v  u»  break  in  parallel  lines,  that  we  rec- 
ognise choleitterme.     Crystals  of  eholesterine 
lotii  at  2113°  Fahr.,  but  they  are  formed  again 
itien  Uie  temperature  falls  below  that  point.    Tbe  determinntion  of  the  Inwng-point  is 
one  of  ill e  means  of  distinguishing  eholesterine  from  seroline.  whiclt  latter  fuse**  at  90°  8', 
Without  considering  in  detail  the  processes  which  have  been  employed  by  other 
olwfT^en*  far  the  extraction  of  eholesterine  from  the  blood,  bile,  and  variousi  tissues  of  the 
tn)dy,  wc  sball  simply  describe  tbe  method  which  has  been  found  most  convenient  in  the 
ttrioHg  analyses  we  have  made  for  this  substance.     In  analyges  of  gall-stones,  tbe  process 
i'^wj  simple;  all  that  is  necessary  being  to  pulverize  the  mass^  extract  it  with  boiling 
alcohol,  and  filter  the  solution  while  hot,  the  eholesterine  being  deposited  on  cooling. 
If  the  crystals  be  colored,  they  may  be  redissttlved  and  filtered  tbrougli  animal  charcoal. 
It  i»  only  when  this  sabstance  is  mixed  with  fatty  matters,  that  Its  inolation  \^  a  matter 
<^  Miiy  difficulty*     In  extracting  eholesterine  from  tbe  bbnid,  we  have  operated  on  both 
^t  mnim  and  clot,  and,  in  this  way,  wo  have  been  able  to  tlemonstrate  it  in  greater  qunn- 
titittj  in  this  fluid  than  have  been  observed  by  others,  who  have  employed  only  the  serum. 
Tbe  following  is  the  process  tor  quantitative  analysis,  which  was  fixed  upon  after  a 
Mittihcr  of  experiments : 

Tile  blood,  bile,  or  brain,  as  the  case  may  be,  is  first  carefully  weigh ed,  then  evaporated 
tfidrynow  over  a  water-bath»  and  afterward  pul vended  in  an  agate  mortan  The  powder 
••ihtin  treated  with  ether^  in  the  proportion  of  about  a  fiuidonnce  for  every  hundred  grains 
of  lljc  original  weight,  for  from  twelve  to  twenty-four  hours,  agitating  the  mixture  occa- 
•^"caJly,  Tbe  ether  is  then  separated  by  filtration,  throwing  a  little  fresh  ether  on  the 
^lt«M>as  to  wash  through  every  trace  of  tbe  fut,  iiml  tbe  sdlution  is  set  aside  to  evaporate* 
If  tU  fluid,  especially  tbe  bloml,  have  been  carefully  dried  and  pulverized,  when  the  other 
»»<ultl«!*d  it  divides  it  into  a  very  fine  powder  and  penetrates  every  part.  After  the  ether 
^evaporated,  the  residue  is  extracted  with  boiling  alcohol,  in  the  proportion  of  about 
*rtni(lrHfhm  for  every  hundred  graiDB  of  the  original  weight  of  the  j'pecimen,  filtered 
»h(ie  hot  into  a  watch-glass,  and  allowed  to  evaporate  spontaneously.  To  keep  the  fluid 
^  wLili*  filtering,  the  whole  apparatus  may  be  placed  in  the  cbaniber  of  a  large  water- 
tei,  or,  as  the  filtration  is  generally  rapid,  the  funnel  may  be  warmed  by  plunging  it 
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into  liot  water,  or  steaming  it,  taking  care  that  it  he  careftiUjr  wiped.  We  now  have  tli« 
cholesterine  mixed  with  a  certain  quantity  ut' saponifiable  tut.  After  the  Hoid  has  <dvapo- 
rated,  we  can  see  the  cholesterine  cryatidlized  in  the  watch-glass^  mingle<i  with  maases 
of  fat.  This  we  remove  hy  saponification  with  an  alkali;  and,  for  this  pnrpose,  we  add 
a  moderately  strong  solution  of  canstic  potash,  which  we  allow  to  remain  in  contact 
with  the  re.^idiie  for  one  or  two  honrs.  If  much  fat  be  pret»ent,  it  is  best  to  hejit  the 
mixture  to  a  temperature  a  little  below  the  boiling-point;  but  in  analyses  of  the  blood 
this  h  not  necessary.  The  mixture  is  then  to  be  largely  diluted  with  distilled  water, 
thrown  upon  a  small  filter,  and  thoroughly  washed  till  the  fluid  which  pusses  tbrougtt  i* 
neutral.  We  then  dry  the  filter  and  till  it  up  with  ether,  which,  in  passing  through, 
dissolves  out  the  cholesterine.  The  ethor  is  then  evaporated,  the  residue  extracted  willi 
boiling  alcohol  as  before,  the  alcohol  collected  on  a  w^atcli-glosa  previon^ly  weighed,  and 
allowed  to  evaporate.  The  residue  consists  of  pure  cholesterine,  the  quantity  of  which 
may  be  estimated  by  weight. 

The  accuracy  of  this  process  may  be  tested  by  means  of  the  microscope ;  for  ih^"  erys* 
tals  have  so  distinctive  a  form  that  it  is  easy  to  determine,  by  eicamining  the  watch-glnas, 
that  the  cholesterine  is  perfectly  pure.  In  making  this  analysis  cpiantitatividy,  jt  h 
necessary  to  be  very  careful  in  all  the  manipulations  ;  and,  for  determining  the  weight  of 
such  minute  quantities,  an  accurate  and  delicate  balance,  one,  at  least,  that  will  turn  with 
the  thousandth  of  a  gramme,  carefully  adjusted,  mast  be  employed.  With  these  precau- 
tions, tlie  quantity  of  ehulesterine  in  any  fluid  or  solid  may  be  determined  with  perfect 
accuracy ;  and  the  estimate  may  be  made  in  a  quantity  of  bloud  not  exceeding  fifteen  or 
twenty  grains.  In  analyzing  the  brain  and  bile,  we  found  it  necessary  to  pass  the  first 
ethereal  solution  throogh  animal  charcoal,  in  order  to  get  rid  of  the  coloring  matt^T* 
In  doing  this,  the  charcoal  must  bo  washed  with  fresh  ether  until  the  solution  which 
passes  through  is  brought  up  to  the  original  quantity.  The  other  manipulations  are  the 
same  as  in  the  analyses  of  the  blood.  In  examining  the  meconium,  we  found  that  the 
oholesterine  which  crystallized  from  the  first  alcoholic  extract  was  so  pure  that  it  was 
not  necessary  to  subject  it  to  the  action  of  an  alkali. 

The  ])roportion  of  cholesterine  in  the  bile  is  not  very  Targe.  In  the  table*  it  is  csli* 
mated  at  from  (}fV2  to  2'fltj  parts  per  thousand.  In  a  single  examination  of  the  human 
bile,  we  found  the  proportion  Q'61H  of  a  part  per  thousand. 

The  origin  and  destination  of  tliis  principle  involve,  as  we  believe,  an  office  of  tlie 
liver  which  has  not  hitherto  hecn  recognized  by  physiologists;  and  we  shall  conaidef 
these  questions  speciiilly,  under  the  head  of  the  excretory  function  of  the  liver. 


Biliterdine. — The  colorinsr  matter  of  the  bile  bears  a  certain  resemblance  to  the  color- 
ing matter  of  the  blood  and  is  supposed  to  be  formed  from  it  in  the  liver.  It  gii'es  i 
to  the  bile  its  peculiar  tint,  and  has,  as  we  have  remarked,  the  property  of  coloring 
the  tissues  wirlj  which  it  conies  in  contact.  Whenever  the  flow  of  bile  is  seriously 
obstructed,  the  coloring  matter  is  absorbed  by  the  bloo<3,  and  it  can  be  readily  detected 
in  the  senim  and  in  the  urine.  It  also  colors  the  skin  and  the  coTyunctiva,  In  the  hilc 
it  is  liquid,  but  it  may  be  coagulated  and  extracted  by  various  processes.  It  do^  nut 
exist  naturally  in  the  form  of  pigmentary  granulations. 

This  principle  is  precipitated  from  the  bile  by  boiling  with  milk  of  limo.  The  filtered  I 
residue  is  then  decomposeil  with  hydrochloric  acid,  which  unites  with  the  lime  and  K^avii 
a  fatty  residue,  of  an  intense-green  color.  The  fat  is  then  removetl  by  repeated  washings 
with  ether,  which  is  a  very  long  and  difticult  proccw.  The  precipitate  is  then  redissolved 
in  alcohol  with  ether  added,  which  gives  to  the  liquid  a  bluish-green  color,  and  leaves, 
aftef  evaporation,  a  dark-green  f>owdor.  This  powder  contains  iron,  but  its  [>r(Ji,»orth>n 
has  never  been  accurately  estimated.  The  matter  thus  o!>tained  is  insoluble  in  water  and 
in  chloroform,  but  it  is  soluble  in  ether,  alcohol,  sulphuric  and  hydrochloric  acid. 

It  is  unnecessary  to  follow  out  in  detail  all  of  the  chemical  investigations  which  haro 
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do  into  the  ultimate  composition  and  the  modificationB  of  this  and  the  other  col* 
\  foattara.    Recent  researches*  Jiuve  ghuvvn  that^  in  all  prohabilit)%  the  coloring  niatter 
^  is  a  mixture  of  several  distinct  coloring  principles,  and  that  these  rapidly 

t  with  the  oxygen  of  the  air ;  eo  that  there  is  considerable  nncertainty 
vitk  r«|i;iml  to  th4d  ultimate  composition  of  the»o  and  other  sah^toncea  of  the  atime  class. 

Tfstd  f&r  BiU. — It  is  freqaentlj  deaired,  particularly  in  pathological  inveatigntiona, 
to  ascertain,  by  eomo  easy  test^  the  fact  of  the  presence  or  ahscDce  of  bile  in  various 
of  tho  fluids  and  solids  of  th<?  body*  It  is,  indeed,  a  most  interesting  physiological  quea* 
\  to  dcterrainc  tlje  course  and  destination  of  the  biliary  eidts  after  the  bile  hus  passed 
the  tntestinid  canal ;  and  thir*  can  be  done  only  by  the  application  of  appropriate 
"^»U  to  the  contents  of  the  alimentary  tract  and  the  blood  of  the  portal  system.  The 
ingredients  of  the  bile  which  it  is  important  to  detect  are  biliverdine,  the  biliary  salts, 
r}iQle«iterine.  The  last-named  substance  can  bo  detected  most  readily  by  apidying 
)  method  which  we  have  just  described  fur  its  extraction  ;  but  several  tests  have  been 
proi^oMed  for  the  detection,  on  the  one  hand,  of  the  coloring  matter  of  the  bile,  and,  on, 
tb«  uthtsr,  of  the  peculiar  biliary  salts* 

Tntjbr  liiUterdim, — Tlrere  is  one  teat  so  simple  and  easiy  of  application*  that  it  alone 
BUlBoo  for  the  prompt  detection  of  biliverdine.    This  v&  peculiarly  applicable  to  th© 

wherd  the  presence  or  absence  of  bile  frequently  beconacs  an  important  question. 
We  are  led  geoeraily  to  susj)ect  the  presence  of  bile  in  the  fluids  of  the  body  hy  their 
}»9CttItar  colon  If  we  spread  out  the  snsfpected  fluid  in  a  thin  strntimi  upon  a  white  sur- 
fic<»,  M  A  porcelain  plate,  and  add  a  single  drop  of  nitric  acid,  or,  what  is  better,  nitroso- 
aitric  acid,  if  the  coloring  matter  of  bile  be  present,  a  pecnliar  play  of  colors  will  be  ob- 
•cfM  at  the  circumference  of  the  drop  of  acid  as  it  diffuses  itself.  The  color  will  rapidly 
'  T^  from  blue  to  red,  orange,  purple,  and  finally  to  yellow.  This  is  due  to  the  action 
.  'i<l  upon  the  biliverdine ;  and  this  test  does  not  indicate  the  presence  of  either  cho- 
icsurinc  or  the  biliary  salts.  It  is  used,  therefore,  only  when  we  wish  to  determine  the 
pPBfit'nce  of  the  coloring  matter  of  the  bile, 

TfH/ar  iAe  Biliary  SalU. — The  best,  and,  indeed,  the  only  reliable  test  for  the  biliary 

«ilUf  was  prop^^^sed  many  years  ago  by  Pettenkot^r,  and  this  is  now  generally  known  as 

l^^ttrnkofcr'a  test,    Tliis  requires  some  care  and  practice  in  its  application,  but  it  is  entirely 

f'liiMe;  and,  although  it  has  been  objected  that  there  are  other  eubs^tances,  beside  the 

l'ili.ur  salt?,  which  produce  similar  reactions,  tliey  are  not  met  with  In  the  animal  fluids 

<  ntly  are  not  liable  to  produce  confusion.     If  a  eonsiderable  quantity  of  bile 

1  any  fluid,  and  if  there  be  not  a  large  admixture  of  animal  matters,  the  le»t 

1  without  any  previous  preparation;  but,  in  delicate  examinntions,  it  is 

the  suspected  liquid,  extract  the  residue  with  absolute  alcohol,  prccipi- 

jIi  vlher,  and  dissolve  the  ether-precipitate^  in  distilled  water.     l\y  this  means  a 

iMtinn  is  obtained,  which  will  react  distinctly,  even  when  the  biliary  salts  exist 

1  quantity.     Pettenkofer's  test  is  applicable  to  any  of  the  biliary  salts,  wliat- 

I  form,  and  the  reaction  is  dependent  npon  the  presence  of  cholic  acid,  which 

he  conq>osition  of  all  the  varieties  of  the  biliary  acids. 

ihv  :  Is  one  of  the  most  common  methods  of  employing  Pcttenkofer's  test: 

r^^  thf  1  solation  we  add  a  few  drops  of  a  strong  solution  of  cane-sugar  in 

^  acid  is  then  slowly  added,  to  the  extent  of  about  twO'thirds  of  the 

1.     It  is  recommended  to  add  the  acid  slowly,  so  that  the  tetuperaturo 

but  little  rained.     If  a  large  quantity  of  the  biliary  salts  be  present,  a  red  color 

t^lf  almost  immediately  at  the  bottom  of  the  test-tube,  and  this  soon  extends 

►  Ih^  entire  liquid,  rapiilly  deepening  until  it  becomes  of  a  dark-lake  or  purple. 

'in  very  small  proportion,  it  may  be  several  minutes  before  any 

lUce,  and  the  change  to  a  purple  is  correspondingly  slow,  the 

^Hk  \  Lspyitig  from  fifteen  to  twenty  minutes.    Many  organic  matters  may  be 
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rendered  dark  by  the  actioa  of  the  acid,  and  the  sugar  itself  will  be  acted  npan^  even  if 
no  bile  be  present,  but  the  color  due  to  the  sugar  alone  is  yellow.  The  petrnUar  play  of 
colors  above  described  can  easily  lie  recognized  after  a  little  practice,  and  b  oliserved 
only  in  the  presence  of  the  bilifiry  sult^. 

The  ordinary  modilicationa  in  the  application  of  this  test  are  uniinivortant.  Some 
reconuneud  to  add  the  sulphnric  acid  firsts  and  then  to  add  the  solution  of  sngar;  ami 
Mime,  after  adding  to  the  hquid  two-thirda  of  its  volume  of  sulphunc  acid,  tlrop  into  the 
mixture  one  or  two  lamps  of  cane-sugar*  The  reaction  with  the  biliary  salts  is 
tially  the  same,  whichever  of  these  methods  be  employed. 


1 


Excretory  Function  of  the  Lwer, 

In  1802,  in  studying  the  properties  and  physiological  relations  of  cholestenne^  we 
gave  the  first  definite  account  of  an  excretory  function  of  the  liver.  The  experinienti  and 
observations  upon  which  we  based  oar  conolusions  were  extended  and  laborious^'  and,  as 
far  OB  we  know,  they  have  not  been  repeated  in  detail  by  other  observers;  but  the  results 
must  be  taken  as  positive^  if  the  accuracy  of  the  experiments  be  admitted,  and  they  Imrc? 
been  adopted,  to  a  greater  or  less  extent,  by  scientific  authorities*  The  details  of  these 
experiments  are  too  elaborate  to  be  given  in  fuU,  as  contained  in  the  original  memoir.* 

The  ^Qw  statements  with  regard  to  the  function  of  cholosterine  to  be  found  in  works 
published  before  18^2  are  very  indeiinit^.  In  most  treatises  on  physiology,  this  substance 
is  hardly  mentionetl,  it  being  generally  regarded  as  a  carious  principle,  interesting  only 
to  the  pIiysioh>gical  chemist.  We  have  given,  in  the  memoir  referred  to,  extracts  from 
the  works  of  Carpenter,  Lehraann,  Mialhe,  and  Dulton,  which  contain  all  that  ia  said 
with  regard  to  the  probable  fimction  of  cholesterine ;  and  these  quotatious,  which  embody 
about  all  that  we  could  find  on  tlie  subject,  show  thut  its  olHce  was  not  in  the  least 
understood.  Inasmuch  as  cholesterine  is  the  only  excrementitious  principle  as  yet  db» 
covered  in  the  bile,  bearing  the  same  relation  to  this  tlaid  that  urea  does  to  ttie  uriQe,  it  \% 
evident  that  the  ideas  of  physiologists,  with  regard  to  any  excretory  function  t»f  the  liver, 
must  have  been  very  indefinite  before  the  relations  of  cbolesterine  had  been  determined. 

The  first  question  which  arises  is  whether  the  liver  has  any  excretory  function.  Some 
authors  have  assumed  that  the  bile  is  purely  excrementitious  and  hus  no  fouction  a8  A 
seoretton,  This  question  we  have  fully  discussed  in  connection  with  the  subject  of  diges^ 
tion.  The  confusion  that  has  arisen  with  regard  to  thii:^  point  has  been  due  to  the  fact 
that  those  who  adopted  the  view  that  the  bile  was  simjdy  an  excretion  denied  to  it  any 
digestive  pro]>erties;  while,  on  the  other  hand,  those  who  believed  it  to  be  concerned  in 
digestion  would  not  admit  that  it  was  an  excretion*  We  have  shown  conclusively,  in 
treating  of  intestinal  digestion,  that  tlie  bile  is  so  important  in  this  procestii  as  to  be  eeeeo- 
Cial  to  life;  but  wo  have  shown,  at  the  same  time,  that  the  liver  eliminates  from  tJi<i 
blood  one  of  the  roost  important  of  the  products  of  d  is  assimilation*  It  will  be  ftnind 
important^  as  hearing  upon  the  probable  function  of  the  bile,  to  apply  to  tins  fluid  th<s 
general  law  of  tbo*  distinct  ions  between  secretions  and  excretions. 

Cells  of  glandular  epithelium  are  constantly  manufacturing,  out  of  materials  furnished 
by  the  blood,  the  elements  of  the  true  secretions;  but  these  elements  do  not  preexist  in 
the  blood,  they  ai>pear  de  mmo  in  the  secreting  organ,  and  they  never  accmnolate  in  the 
system  when  the  function  of  the  secreting  organ  is  disturbed.  Again,  tlie  true  secretions 
are  not  discharged  from  the  body,  but  they  have  a  fimction  to  perform  in  the  eeonomy* 
and  are  poured  out  by  the  glands  intermittently,  at  the  times  when  this  function  is  called 
into  action.  As  far  as  the  biliary  salts  (the  tanrocbolate  and  glycocholate  of  soda)  ar« 
concerned,  the  bile  corresponds  entirely  to  the  true  secretions.  These  principles  aro 
manufactured  by  the  liver,  they  do  not  preexist  in  the  blood,  and  they  do  not  accumu- 

A<  MtUcal  SoUfum,  PbflAdelplilft,  IStt;  Now  Scriei,  yoL  xUt.,  p.  800,  <<«  #<»?. ;  and,  i7«aiWr«A«f  fifpirimen 
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m  Diood  wlien  their  formation  in  the  liver  is  disturbed.    The  restarcbcs  of 
er  and  Schmidt  and  others  hnv©  shown  that,  although  we  cannot  detect  tiio  biliary 
in  the  blood  or  chyle  coming  from  tlie  intestine,  these  principles  are  not  di«chai*gt?d 
hfKv±    All  of  these  facts  point  to  iin  important  function  of  the  bile  as  a  secretion, 
that  it  is  di^har^^cd  constantly,  but,  during  dlgeBtion,  its  flow  is  very  mudi 
idaut  than  at  any  other  time.    It  h  pretty  well  estaVili^hed  that,  during  tlio 
intervals  of  the  flow  of  the  secretions,  the  glands  are  manufacturing  the  tuaterials  of 
which  art*  washed  out,  as  it  were,  in  the  great  afflux  of  blood  which  takes 
ine  what  has  been  called  the  functional  activity  of  the  gland.    Now,  if  the  liver, 
li^^  function  as  a  seeretiug  organ,  be  constantly  forming  bile  fur  the  purpose 

of  ^tR  I  excrementitious  matter,  it  is  to  be  expected  that  the  bile  would  al- 

ir  .  11  a  certain  proportion  of  it^  elements  of  secretion. 

'AUt  and  invariable  presence  of  cholesterine  in  the  bile  assimilates  it  tn  every 
ngtrd  tcp  the  excretiona,  of  which  the  urine  may  be  taken  as  the  type.  Cholesterine 
■Iways  eiist*  in  the  blood  and  in  certain  of  the  tissues  of  the  body.  It  la  not  produced 
in  the  sulisftiuice  of  the  liver,  but  is  merely  separated  from  the  blood  by  this  organ.  It 
b  oOQfUnti jr  pAAsed  into  the  intestine^  and  is  discharged^  although  in  a  modified  form,  in 
ikt  feces.  We  know  of  no  function  which  it  has  to  perform  in  the  economy,  any  more 
than  urea  or  any  other  of  tliu  excrementitious  principles  of  the  urine ;  and  we  have 
diown,  in  the  memoir  already  referred  to,  tliat  it  accumulates  in  the  blood  in  certain 
of  organic  disease  of  tlie  liver  and  gives  rise  to  symptoms  of  blood-poisoning. 


Origin  ^f  Chol^iUerine^ — Cholesterine  exists  in  largest  quantity  in  the  substimco  of 

At  tmia  and  nerves.    It  is  also  found  in  the  substance  of  the  liver — probably  in  the 

bik contained  in  this  organ — the  crystalline  lens,  and  the  spleen;  but,  with  these  excep- 

?  only  in  the  nervous  system  and  blood*     Two  views  present  themselves 

>  oHy:in,     It  is  either  deposited  in  the  nervous  matter  from  the  blood,  or 

I  iIm:  Ir  ji;i  in\\\  taken  up  by  the  blood.    This  is  a  question,  however,  which 

L  trxjciifji'  Qtallyt  by  analyzing  the  blood  for  cholesterine  as  it  goes  to  the 

V  tlie  carotid  and  as  it  comes  from  the  brain  by  the  internal  jugular.    The  cho- 

^    ing  found  also  in  the  nerves,  and,  of  course,  a  large  quantity  of  nervous  mat- 

n  the  ejctremities,  it  is  desirable  at  the  same  time  to  make  an  analysis  of  Uio 

"L  ij*  ijiKtd  from  the  general  system. 

With  a  view  of  determining  this  question,  we  made  the  following  experiments : 

Erj^'  f  ^n  this  experiment,  specimens  of  blood  were  taken  from  the  carotid, 

iJi«  int' !  _    iiir,  the  vena  cava,  hepatic  veins,  hepatic  artery,  and  portal  vein,  in  a  liv- 

togiaimaJ  fa  dog  about  six  months  old).    In  addition,  we  took  a  specimen  of  bile  from 

^t  gslbhladder,  and  some  of  the  substance  of  the  brain.     These  Were  all  carefully  ex- 

iwiiuid  for  cholesterine,  and  the  following  wero  the  main  results :  In  the  brain,  choles- 

■-^-Mfii  found  in  large  quantity.    There  was  no  cholesterine  in  the  extract  of  the 

'•on  the  carotid,  examined  three  days  after,  and  but  a  few  crystals,  eleven  days 

ifse  wns  almost  immediately  discovered  in  ih^  extract  of  the  blood  from 

bir,  and  tlie_  crystals  were  present  in  large  numbers  on  the  twelfth  day. 

It,  the  animal  was  etherized  when  the  blood  w^as  taken,  and  the  examina- 

rine  were  not  quantitative.     In  the  succeeding  experiments,  the  propor- 

tcrinc  in  the  different  specimens  of  blood  was  accurately  estimated,  and,  in 

.  ...  ia,  no  anasthetio  was  used  during  the  operative  procedure. 

EiperimwtU  II.— A  raedtura-sixed  adult  dog  was  put  under  the  intlnence  of  ether,  and 

^aurotid  artery,  Internal  jugular,  and  femoral  vein  exposed.    Specimens  of  blood  were 

^fiwiu  first  from  the  internal  jugular,  next  from  the  caiotid,  and  last  from  the  femoral 

M  were  received  into  carefully-weighed  vessels,  and  weighed.    They 

1  .»r  cholesterine  by  the  process  already  ijescribed,  with  the  foUow- 

-it^r 
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Quantity  of  blood.  Choleflterine.  Gholefterlne  per 

grains.  ffrain*.  1,000  pt«. 

Carotid 179*462  0189  0-774 

Internal  jugular 134-780  0*108  0*801 

Femoral  vein, 133-886  0108  0*806 

Percentage  of  increase  in  the  blood  from  the  jugular  over  the  arterial  blood 8*488 

Percentage  of  increase  in  the  blood  from  the  femoral  vein  over  the  arterial  blood 4*184 

This  experiment  shows  an  increase  in  the  quantity  of  cholesterine  in  the  blood  in  its 
passage  through  the  brain,  and  an  increase,  even  a  little  greater,  in  the  blood  passing 
through  the  vessels  of  the  posterior  extremity.  To  facilitate  the  operation,  however, 
the  animal  was  brought  completely  under  the  influence  of  ether,  which,  from  its  action 
upon  the  brain,  would  not  improbably  produce  some  temporary  disturbance  in  the  nutri- 
tion of  that  organ,  and  consequently  might  interfere  with  the  experiment.  For  the  pur- 
pose of  avoiding  this  diflficulty,  we  performed  the  following  experiments  without  adminis- 
tering an  anesthetic : 

Experiment  III. — A  small,  young  dog  was  secured  to  the  operating-table,  and  the  inter- 
nal jugular  and  carotid  were  exposed  upon  the  right  side.  Blood  was  taken,  first  from  the 
jugular,  and  afterward  from  the  carotid.  The  femoral  vein  upon  the  same  side  was  then 
exposed,  and  a  specimen  of  blood  was  taken  from  that  vessel.  The  animal  was  very 
quiet  under  the  operation,  although  no  anesthetic  was  used,  so  that  the  blood  was  drawn 
without  any  difficulty  and  without  the  slightest  admixture. 

The  three  specimens  were  analyzed  for  cholesterine,  with  the  following  results  : 

QtULDtity  of  blood.  Cholecttorinc.  Cholesterine  ptr 

grains.  grains.  1,000  pta. 

Carotid 143*625  0*679  0*967 

Internal  jugular 29*956  0*046  1*545 

Femoral  vein 45036  0*046  1*028 

Percentage  of  increase  in  the  blood  from  the  jugular  over  the  arterial  blood 59*772 

Percentage  of  increase  in  the  blood  from  the  femoral  vein  over  the  arterial  blood 6*308 

Exjyeriment  IV. — A  large  and  powerful  dog  was  secured  to  the  operating-table,  and 
the  carotid  and  internal  jugular  were  exposed.  Specimens  of  blood  were  taken  from  these 
vessels,  first  from  the  jugular,  and  were  carefully  weighed  and  analyzed  for  cholesterine 
in  the  usual  way.     The  following  results  wore  obtained  : 

Quantity  of  blood.  Cholesterine.  Cholesterine  per 

grains.  grains.  1,W>0  pts. 

Carotid 140-847  0108  0*768 

Internal  jugular 97*81 1  0092  0*947 

Pcrccntiige  of  increase  in  the  blood  passing  through  the  brain 28 -307 

Experiment  III.  shows  a  very  considerable  increase  in  the  quantity  of  cholesterine  in 
the  blood  passing  through  the  brain,  while  the  increase  is  comparatively  slight  in  the 
blood  of  the  femoral  vein.  The  proportion  of  cholesterine  is  also  largo  in  the  arterial 
blood,  as  compared  with  other  observations. 

Experiment  IV.  shows  but  a  slight  difference  in  the  quantity  of  cholesterine  in  the 
arterial  blood  in  the  two  animals;  tlie  proportion  in  the  animal  that  was  etherized  being 
0*774  per  1,000,  and  in  the  animal  that  was  not  etherized,  0*708  per  1,000,  the  difference 
being  but  0*000 ;  but,  as  was  suspected,  the  ether  seemed  to  have  an  influence  upon  the 
quantity  of  cholesterine  absorbed  by  the  blood  in  its  passage  through  the  brain.  In  the 
first  instance  the  increase  was  but  3*488  per  cent.,  while  in  the  latter  it  was  23*207  per 
cent. 

The  natural  conclusions  to  be  drawn  from  these  observations,  with  regard  to  the  ori- 
gin of  cholesterine  in  the,  economy,  are  the  following :  It  has  been  ascertained  that  the 
brain  and  nerves  contain  a  large  quantity  of  this  substance,  which  is  found  in  hardly  any 
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ber  of  tlie  tissues  of  the  body ;  and  these  experiments^  especially  Experiments  ITT,  aJid 
tV,,  show  that  tli©  blood  that  comes  from  the  brain  containa  a  much  larger  quantity  of 
©Lolesteriue  than  the  blood  supplied  to  this  organ. 

The  oonchiBion  v^  then,  that  cholesterine  is  produced  in  the  brain  and  is  taken  up  bj 
titu  lilood  aa  it  passes  through  this  organ. 

But  the  brain  is  not  the  only  piirt  where  choTesterine  is  produced.  It  will  be  seen  by 
Experiment  II.  that  there  is  4- 134  per  cent,  and  in  Experiment  III.»  6808  per  cent,  of 
iocreaae  in  cholesterine  in  the  p&ssage  of  the  blood  through  the  inferior  eitremitica^ 
and  probably  about  the  same  in  other  parts  of  the  muscular  system.  In  t^xamiuin^  these 
tlMues  chemically,  we  find  that  tlie  muscles  contain  no  cholesterine,  but  that  it  is  abun- 
dant m  the  nerves;  and,  i^  we  have  found  that  tlie  proportion  of  cholesterine  is  immense- 
ly increased  in  tlie  passage  of  the  blood  through  the  great  centre  of  the  nervous  system, 
takifn,  as  the  specimens  were,  from  the  internal  jugular,  which  collects  the  blood  mainly 
from  the  brain  and  very  little  from  the  muscular  system,  it  is  very  probable  that,  in  tlie 
^neral  venous  system,  the  cholesterlne  which  the  blood  contains  is  produced  in  the 
•obFLince  of  the  nerves. 

If  the  alwjve  conclusion  be  correct,  and  if  cbolesterine  be  one  of  tlie  products  of  the 

dlia^^imilation  of  nervous  tissue,  its  formation  would  be  proportionate  in  activity  to  the 

"n'r,rTou  of  the  nerves;  and  any  thing  which  interfered  to  any  great  extent  with  tlieir 

itn  would  diminish  the  quantity  of  cbolesterine  produced.     In  the  production  of 

'      general  system,  which  is  analogous  to  the  formation  of  cholesterine,  mus- 

:?  inorcjises  the  quantity,  and  inaction  diminishes  it,  on  account  of  their 

ion.     In  cases  of  paralysis^  we  have  a  diniiuution  of  the  natritive 

coted,  especially  of  the  nerv<»us  system,  which,  after  a  tiuie,  becomes 

ii2ed  tliat,  although  the  canse  of  thd  ponilysis  be  removed,  the  nerves  cannot 

'    _.     ::  oir  functions.     It  is  true  that  we  have  this  disorganization  taking  place  to  a 

<'ertjiin  extent  in  the  muscles,  but  this  is  by  no  means  so  marked  as  it  Is  in  the  nerves. 

^M  fhould  be  able,  then,  to  confirm  the  observations  on  animals  by  examining  the 

blood  tu  cases  of  paralysis,  when  we  should  expect  to  find  a  very  marked  ditTerence  in 

'iifi^imtity  of  eholesterine,  between  the  venous  blood  coming  from  the  paralyzed  parts 

tod  the  lilood  from  other  parts  of  the  body.     With  this  point  in  view,  we  made  analyses 

<if the  l»loo<l  from  both  arms,  in  three  cases  of  homiplegia: 

Cate  L — Sarah  Hum  shy,  a?t.  47,  was  afl'ected  with  hemijdegia  of  the  left  side.  Two 
retn  ago  she  was  attacked  with  apoplexy  and  was  insensilile  for  three  days.  When  she 
rtcovered  consciousness,  she  found  herself  paralysed  on  the  left  side.  She  said  she  had 
«i»il«I»ty  four  or  five  years  before  the  attack  of  apoplexy.  Now  she  bas  entire  j^aralysis 
^  motion  of  the  aflected  side,  with  the  exception  of  some  slight  power  over  tlic  fingers, 
knt  iitusation  is  perfect.     The  speech  is  not  aftected.     Tlie  general  health  is  good. 

Cote  IL — Anna  Wilson,  ajt.  23,  Irish,  was  affected  with  hemiplegia  of  the  right  side. 
Foormoatljs  ago  she  was  attacked  with  apoplexy,  from  which  slie  recovered  in  one  day, 
"ilh  \o9b  of  motion  and  sensation  of  the  right  side.  She  is  now  ifnproving  and  can  use 
IW  right  arm  slighlly.  The  leg  is  not  so  much  improved,  because  she  will  make  no  effort 
tOQseii. 

CoMe  IIL — ITonora  Sullivan,  ffit.  40,  Irisli,  was  affected  witb  hemiplegia  of  the  rig) it 

wdo.    About  six  months  ago  she  was  attacked  with  apoplexy  and  recovered  consciousness 

111*  next  day,  with  paralvsis.     The  leg  wa^  lefts  affected  than  the  ami,  from  the  first. 

TliM  cause  was  supposed  by  Dr,  Austin  Flint,  the  .attending  physician,  to  be  due  to  an 

I'lita.     Her  condition  is  now  about  the  same  as  regards  the  arm,  but  the  leg  has 

rui  w  lijit  improved- 

Tbesc  casts  all  occurred  at  the  RlackwelVs  Island  Hospital.  Tlie  treatment  in  all 
lOQsisted  of  good  diet,  frictions,  passive  motion,  and  use  of  the  paralyzed  members  as 
tiiuch  as  possible. 

A  small  quantity  of  blood  %vas  drawn  from  both  arms  in  these  three  cases.    It  was 
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drawn  from  the  paralyzed  side,  in  each  instance,  with  great  diffioultj,  and  bat  a  small 
quantity  could  be  obtained. 

The  specimens  were  all  examined  for  cholcsterine,  with  the  following  results : 

Table  of  Quantities  of  Cholesterine  in  Blood  of  Paralyzed  and  Sound  Sid€Sy 
in  Three  Cases  of  Hemiplegia. 


Blood. 

Cholesterine. 

Cholesterine  per  1,000. 

Gnlat. 

Gnlnt. 

Case      L  Paralyzed  side. 
Do.        Sound  side. . . 

56-468 
128-407 

0-062 

The  watch  -  glass  contwned 
0081  of  a  grain  of  a  granu- 
lar  substance,  but  the  most 
careful  examination  failed  to 
reveal  a  single  crystal  of  cho- 
lesterine. 

0-481. 

Case    n.  Paralyzed  side. 
Do.        Sound  side. . . 

18-881 
66-896 

6-062 

Same  as  Case  L 
0-808. 

Case  m.  Paralyzed  side. 
Do.        Sound  side... 

21-842 
52-261 

0031 

Same  as  Case  I. 
0-679. 

The  result  of  these  examinations  is  very  interesting :  not  a  single  crystal  of  choleste- 
rine was  found  in  any  of  the  three  specimens  of  blood  from  the  paralyzed  side,  while 
about  the  normal  quantity  was  found  in  the  blood  from  the  sound  side.  As  the  nutrition 
of  other  tissues  is  interfered  with  in  paralysis,  it  is  impossible  to  say  positively,  from 
these  observations  alone,  that  cholesterine  is  produced  in  the  nervous  system  only. 
But  the  nutrition  of  the  nerves  is  undoubtedly  most  affected ;  and  these  observations, 
taken  in  connection  with  the  preceding  experiments  on  animals,  point  very  strongly  to 
such  a  conclusion. 

Our  experiments  upon  animals  wore  so  marked  and  invariable  in  their  results,  even 
when  performed  under  different  conditions,  that  they  leave  hardly  any  doubt  of  the 
fact  that  the  blood,  in  passing  through  the  brain,  takes  up  cholesterine.  It  is  more  diffi- 
cult to  show,  by  actual  demonstration,  that  the  general  system  of  nerves  also  gives  up 
cholesterine  to  the  blood ;  but  the  fact  that  the  venous  blood  coming  from  the  extremi- 
ties contains  more  cliolesterine  than  the  arterial  blood,  taken  in  connection  with  the 
fact  that  none  of  the  tissues  of  the  extremities  contain  cholesterine,  except  the  nerves, 
renders  it  more  than  probable  that  the  nerves,  as  well  as  the  brain,  are  the  seat  of  the 
formation  of  this  principle. 

Elimination  of  Cholesterine  hy  the  Liver, — "We  attempted  to  demonstrate  experimen- 
tally the  separation  of  cholesterine  from  the  blood  by  the  liver,  in  the  same  way  that  we 
determined  its  passage  into  the  blood  circulating  through  the  brain.  In  the  first  series 
of  experiments  upon  this  subject,  we  endeavored  to  show,  in  the  same  animal,  the  origin 
of  cholesterine  in  certain  parts,  and  the  mechanism  of  its  elimination.  In  these  experi- 
ments, which  were  only  approximative,  as  we  had  not  then  succeeded  in  extracting  the 
cholesterine  perfectly  pure,  we  commenced  with  the  arterial  blood,  examining  it  as  it 
went  to  the  brain  by  the  carotid,  analyzing  the  substance  of  the  brain,  then  analyzing 
the  blood  as  it  came  from  the  brain  by  the  internal  jugular,  examining  the  blood  as  it 
went  to  the  liver  by  the  hepatic  artery  and  portal  vein,  examining  the  secretion  of  the 
liver,  then  the  blood  as  it  came  from  the  liver  by  the  he])atic  vein,  examining,  also, 
the  blood  of  the  abdominal  vena  cava.  The  analyses  of  the  blood  from  the  carotid,  inter- 
nal jugular,  and  vena  cava,  have  already  been  referred  to  in  treating  of  the  origin  of 
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erine.  It  will  h^  r«>roeinborod  that  there  was  tk  large  quantity  of  tMa  sulksttmct* 
ill  the  tnUimnl  jagnliirf  and  bat  a  small  quimtitj  m  tlie  caruiid,  s^Iiowmg  that  it  was 
fonnetl  in  the  brain.  Wo  now  give  tbe  conclusion  of  these  obut'rvationss  which  b^ars 
rxpon  tbft  iiepamtion  of  cholesterine  from  the  blood : 

Etpmim^nt  h — Sptsciiiieus  of  blood  were  taken  from  the  hepatic  artery*  portal  vein, 
and  bepatio  reiOf  and  a  small  quantity  of  bile  was  taken  fVom  the  gall-bludd4c'r*  These 
ciincna  were  treated  in  the  manner  already  indicated  ;  viz.,  evaporated  and  palvcrizedT 
afi«d  with  ether,  the  ether  evaporated  and  the  residue  extracted  with  boiling  alco- 
tUis  evaporated,  a  Bolntion  of  caustic  potash  added,  and  the  specimen  then  sabjecled 
to  microscopical  t^xamiDation, 

Micrii«»copical  examination  of  tlie  extract  from  the  portal  vein  showed  quite  a  number 

of  crystals  of  cholestenne.    These  were  observed  after  the  lluid  had  nuai'ly  t^vaporated. 

IDcTDSCopical  examination  of  the  extract  from  tho  hepatic  artery,  mude  at*ter  the  fluid 

hsd  nearly  evaporated,  showed  a  considerable  quantity  of  choleeterine,  more  tljan  was 

ohMnr^d  in  the  preceiling  specimen.     There  were  also  observed  a  few  crystals  of  ster- 

Tlte  firit  examination  of  the  extract  fVom  the  hepatfe  Tein,  whicb  was  made  just 
Ittilpi  ibe  prttjish  was  added,  showed  a  number  of  fatty  ma.<i8ea,  with  sorao  crystals  oi 
IfiBnkodnf*^  The  eolntion  of  potiish  was  then  added,  and^  two  days  after,  another  careful 
cxamituitian  was  roade^  revealing  nothing  but  fatty  globides  and  g:rantiles.  The  watch- 
|lus  waB  then  set  aside  and  was  examined  eleven  days  after,  w  hen  tJie  fluid  had  entirely 
vriporsted.  At  this  examination,  a  few  crystals  of  cholesterine  were  observed  for  the 
tnC  lime.    There  were  also  a  number  of  crystals  of  mar^aric  and  stearic  acid* 

All  tho  examtnattons  of  the  extract  from  the  bile  showed  cholesterine ;  and  the  pre- 
t'ljtitate  con«?ist<.'d^  indeed,  of  this  substance  in  a  nearly  pure  state* 

Takiit'j  tliese  experiments  in  connection  with  the  tirst  observations  upon  tbeearotid  and 
iiitrfTii!  jn^ular,  while  the  one  series  demonstrates  pretty  conclusively  that  eholopterine 
u  formed  in  the  brain,  the  other  shows  that  it  disappears,  in  a  measure,  from  tho  blot>d 
ta  iti  passage  throa^h  the  LiTer,  and  is  passed  into  the  bile.  In  other  words^  it  is  fomied 
ift  th«  nervous  tissue  and  is  prevented  from  accumulating  in  tho  blood  by  its  excretion 
bf  iLo  iirer.  This  sng^rests  an  interesting  series  of  inquiries;  and  this  fact,  fully  sub- 
ttiBti      '  "     ■     as  important  to  the  pathologist  as  to  the  physiologist.    But,  in  order 

ta  »♦:  n,  it  T^  n**co9onry  to  do  something  more  than  make  an  approximative 

wtfaiv  rine  removed  from  the  blood  by  the  liver.     The  <iuan- 

tity  t  ^  I  the  blood  through  this  organ  should  be  estimated,  if 

fn«*ihle,  as  closely  as  the  quantity  wliich  the  blood  gains  in  its  passage  through  the  brain* 
Vim  t-stimate,  however,  is  more  difficult.  The  operation  for  obtaining  the  specimens  of 
y^AM,  in  the  first  place,  is  much  more  serious  than  that  for  collecting  blood  from  the  carot- 
k1  md  internaJ  jugular.  It  ia  very  difficult  to  take  the  unmixed  blood  from  the  hepatic 
Twn;  and  tlie  exposure  of  the  liver,  if  prolonged,  may  interfere  with  itseliminativefunc- 
iifttt,  i'  le  way  that  exposure  of  tho  kidneys  arrests^  in  a  few  moments,  the  flow 

frwn  1^,     It  19  probable,  however,  that  the  administration  of  ether  does  not 

Inlfft  ^llmination  of  cholesterine  by  tho  liver,  as  it  does,  apparently,  with  its 

/(ffBiii-:  -  -  !  riii).  AnflD**thetics,  as  we  know,  have  a  peculiar  and  special  action  upon 
llw  brain,  btit  they  do  not  appear  to  interfere  with  the  functions  of  vegetative  life*  such 
liiHscretion  or  excretion ;  and,  wo  may  suppose,  they  would  not  interfere  with  the  depu- 
ntive  ftinction  of  the  liver.  It  is  fortunate  that  tbis  is  the  case,  for  tho  operation  of 
' '  '  'rnin  tlio  abdominal  vessels  is  immensely  increased  in  difficulty  by  the  strag- 
i  d  that  is  not  under  the  influence  of  an  aniesthetic. 
lo  view  of  settling  the  question  of  the  disappearance  of  a  portion  of  the  choles- 
o  blood  in  its  passage  through  the  liver,  by  an  accurate  quantitative  analysis, 
d  tlie  <>|ierati<>n  for  drawing  blood  from  the  vessels  which  go  into  and  emerge 
J]  ^'^T      Tn  the  first  trial,  tho  blood  was  drawn  so  unsatisfactorily,  and  the  oper- 
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ation  was  so  prolonged,  that  it  was  not  thought  worth  while  to  complete  the  ii]ialx8i% 
and  the  eiperitnent  wiis  abandoned.  In  the  following  experiment  WQ  were  more  suc- 
eessfuL 

Experiment  11.^ A  good-sized  bitch  {pregmant)  was  bronght  completelj^  under  the 
influence  of  ether,  the  abdomen  was  laid  freely  open,  and  blood  was  drawn,  first  from  the 
hepatic  vein,  and  next  from  the  portal  vein.  The  taking  of  the  blood  was  entirely  satis- 
factory, the  operation  being  done  rapidly,  and  the  blood  collected  without  any  admixture. 
A  specimen  of  blood  was  then  taken  from  tlie  carotid,  to  represent  the  blood  from  the 
hepatic  artery,  assnming  that  the  arterial  l>Iaod  is  of  uniform  composition. 

The  three  specimens  of  blood  were  then  examined  in  the  usual  way  for  choksterinc, 

with  the  following  results 

QtuiQtltjr  of  biood.  CbolMterloo.  Cliok«t«rliB«  p<ir 

grains.  ITTdiiM.  1,0C.M)  |irtA. 

Arterial  blood.   ..... 139-537  U'SiOO  12;i7 

Portal  vein. 168*267  Oi  70  1*009 

Hepatic  vein 79'848  0077  0'»64 

Percentage  of  loss  in  aiierial  blood  in  its  passage  through  the  liver * .     2^*306 

Pefoeniaga  of  Iobs  in  the  blood  of  ibe  portal  vein. ......,,...*« * 4'4<)€ 

This  experiment  proves  positively,  what  there  was  good  ground  for  supposing  from 
Experiment  I.,  that  ebolesterine  is  separated  from  the  blood  by  the  liver ;  and  here  we 
may  not©»  in  passing,  a  striking  coincidence  between  the  analysis  in  a  previous  eiperiment, 
in  which  the  blood  was  studied  in  its  passage  through  the  brain,  and  the  one  jnst  men- 
tioned, where  the  blood  was  examined  after  its  passage  through  the  liver.  The  gain  of 
the  arterial  blood  in  cholesterine  in  passing  through  the  brain  was  2;i'307  per  cent,,  and 
the  luss  of  this  substance  in  passing  through  the  liver  is  23-309  per  cent.  There  mnst 
be^  of  course,  the  same  quantity  sepamted  by  tfie  liver  as  is  produced  by  the  nervous 
aystera^  it  being  formed,  indeed,  only  to  be  separated  by  this  organ,  its  fonnati(»n  being 
eontinaons,  and  its  removal  necessarily  the  same,  in  order  to  x^revent  its  mxuniulation  in 
the  cij'culfiting  fluid.  The  almost  exact  coincidence  between  these  two  quantities,  in 
specimens  taken  from  diUerent  animals,  though  not  at  all  neces^-^ary  to  prove  the  fact  JQSt 
mentioned,  is  still  very  striking. 

It  is  shown  by  Experiment  II.  tljat  the  portal  blood,  as  it  goes  into  the  liver,  contains 
but  a  small  percentage  of  cholesterine  over  the  blood  of  the  hepatic  vein,  while  tlie  per- 
centage in  the  arterial  blood  is  large.  The  arterial  blood  is  the  mixed  blood  of  the  entire 
system;  and,  qb  it  probably  passes  through  no  organ  which  diminishes  its  choli^st^rinc 
before  it  gets  to  tlie  liver,  it  contains  a  quantity  uf  this  substance  which  must  be  removed. 
The  portal  blood,  coming  from  a  limited  part  of  the  system,  contains  less  cholesterine, 
although  it  gives  up  a  certain  quantity,  In  the  circulation  in  tlio  liver,  the  j mortal  systeio 
largely  predominates  and  is  necessary  to  other  important  functions  of  this  organ,  such  as 
the  production  of  sugar ;  but^  soon  after  the  portal  vein  enters  the  liver,  its  blood  becomea 
mixed  with  that  from  the  hepatic  artery »  and  from  this  mixture  the  cholesterine  is  sep- 
arated. Jt  is  only  necessary  that  blood,  containing  a  certain  qtianrity  of  cliolesttrrine, 
should  come  in  contact  with  the  bile-secretints  cells,  in  order  that  this  substance  shaU  be 
separated.  The  fact  that  it  is  clinjinated  by  the  liver  is  piroven  with  much  le»s  diffictdty 
than  that  it  is  formed  in  the  nervous  gystem.  In  fact,  its  presence  in  the  bile»  and  the 
necessity  of  its  constant  removal  from  the  hhiod,  consequent  on  its  constant  formation 
and  absorption  by  this  fluid,  are  almost  euflicient  in  thetnselvea  to  warrant  the  conclusion 
that  it  is  eliminated  by  the  liver.  This,  however,  is  put  beyond  a  doubt  by  the  preceding 
analyses  of  the  blood  going  to  and  coming  from  tins  organ. 

In  treating  of  the  composition  of  tho  ficces,  wo  have  considered  m  fully  the  changes 
which  the  cholesterine  of  the  bile  undergoes  in  it?  passage  down  the  intestinal  canal,  that 
it  is  not  necessary  to  refer  to  this  portion  of  tlie  sulvject  again.  We  have  made  but  one 
examination  of  the  quantity  of  stercorine  contained  in  the  daily  ftecal  evacuation,  and. 


ELBTINATION  OF  CHOLESTERINE  BY  THE   LIVER. 


467 


Bg  that  the  amoant  of  choleeterino  excreted  by  tho  liver  in  twenty-fonr  hours  is 
e«|UA]  to  the  amount  of  st^rcoriiw*  found  in  tho  evaoiiations,  tho  quantity  is  about  ten  and 
a  half  grains.  This  corresponds  with  tho  estimatea  of  the  tJaily  quantity  of  cholest^rine 
eicret<Hl^  eaJcalated  from  its  proportion  in  the  bilo  and  the  estimated  daily  amouDt  of 
bile  produced  by  the  liTer. 

To  complet*  the  chain  of  the  evidence  leading  to  the  conolusion  that  cholesterine  i» 

an  excrement ition 9  principle  which  is  formed  in  certain  of  the  tissues  and  eliminated  by 

the  liver,  it  i^  only  necessary  to  show  that  it  is  liable  to  accumulate  in  the  blo«jd  wlien 

eliminating  function  of  the  liver  is  interrupted.     It  will  be  remembered  that  it  wa** 

'ftiiK  nfter  extirpation  of  the  kidneys,  followed  by  accumulation  of  urea  in  the  bloody  that 

-t  and  Dumas  were  able  to  demonstrate  the  preexistence  of  this  principle  in  the  cir- 

vuijuiUic  fluid  and  to  Indicate  the  mechanism  of  its  separation  from  the  blood  by  the  kid- 

ae^*.    This  mode  of  study  has  been  applied  to  certain  of  the  elements  of  the  bile,  tjioogh 

*  ess;  for  Miillerf  Kunde,  Lehraann^  and  Moleschott,  who  extirpated  the  livers 

looked  in  the  blood  only  for  the  biliary  salts.    We  ha^e  not  boon  able  to 

rc|fiut  iUv:fe  experiments  upon  frogs  and  analyze  the  blood  for  cholesterine,  but  we  have 

arrnYd  at  very  positive  results  in  the  study  of  the  bloo^l  in  diseased  conditions  of  the 

liTcfT^  that  are  interesting  alike  to  the  physiologist  and  the  patliologi^t. 

It  has  long  been  recognized  that  cases  of  ordinary  icterus  are  not  uf  a  (?rave  churacter, 
while  there  are  instances  in  which  the  jaundice^  though  less  marked  as  regards  coloratioii 
of  the  ^kin^  is  a  very  different  condition.  Chemlrita  have  analyzed  the  bloody  in  tbo  hope 
of  expliunLng  this  difference  by  the  f>resence,  in  the  grave  cases,  of  the  tfturocholafc  and 
irljix^cliolate  of  soda ;  but  their  failure  to  detect  these  principles  leaves  the  question  still 
OBPcrtain,  The  real  distinction,  arguing  from  purely  theoretical  considerationn,  wouhl  lie 
intht?  j»ropo*)ition  that,  in  cases  uf  simple  jaundice,  there  is  merely  a  resorption  from  the 
^'iliary  passages  of  the  coloring  matter  of  the  bile,  and,  in  grave  cases — which  are  almost 
iovjiriably  fatal^ — there  Is  retention  of  cholesterine  in  the  blood. 

We  have  not  been  able,  on  account  of  the  insolubility  of  cholesterine,  to  obperve  the 

d«et4  of  iajt*cting  it  into  the  blood-vessels,  hot  we  have  had  an  opportunity  of  making 

it  ion  of  the  blood  of  a  patient  in  the  last  stages  of  cirrhosis  of  the  liver,  accom- 

i  jaundice,  and  we  compared  it  with  an  examination  of  the  blood  of  a  patient 

>m  simple  icterus.    Both  of  these  patients  bad  decoloration  of  the  faeces;  but 

the  icterus  was  a  grave  symptom,  accompanying  the  last  stages  of  disorgani- 

y'.t'jn  of  the  liver,  while  in  the  latter  it  was  simply  dependent  on  dnodeniti)^  and  the 

['poposts  was  favorable  and  verified  by  tlie  result.    As  icterus  accompanying  jaun<lice  is 

^i^very  hif^equent  occurrence,  wo  were  fortunate  in  having  an  opportunity  of  comparing 

ttw  two  cades. 

Without  giving  in  full  the  details  of  these  coses  and  the  examinations,  which  are  con* 
tiin^d  in  our  original  memoir  on  cholesterine,  It  is  sulBcient  here  to  state  tho  main  r&sults 
^th^  examinations  of  the  blood  and  fteces. 

In  tho  ca^e  of  simple  jaundice  from  duodenitis?,  in  which  there  was  no  groat  disturb- 
*06»of  the  system,  a  sjjeciraen  of  blood,  taken  from  tho  arm,  presented  undoubted  evi- 
^^W<»  of  the  coloring  matter  of  the  bile,  but  the  proportion  of  cholesterine  was  not 
iw»BMed,  being  only  0*508  of  a  part  per  thousand.  The  fa3ce3  contained  a  hirge  propor- 
tion of  «aponillable  fat,  but  no  cholesterine  or  stercorine, 

lutlitf  ease  of  cirrhosis  with  jaundice,  there  w*ere  ascites  and  pre.it  general  prostra- 
^'^*  Tliis  patient  tiled  a  few  days  after  the  blood  and  faeces  had  tieen  examined,  and 
t:tv  litter  was  fuund  in  a  condition  of  cirrhosis,  with  the  liver-cells  shrunken,  and  the 
M'MaJdtrr  cuntracted.  In  this  case  the  blood  contained  1*850  pt.  of  cholesterine  per 
^JiMtjittu,!,  more  than  double  t]»e  largest  quantity  we  had  ever  found  in  health.  The  ffirces 
'''*otiitned  a  small  quantity  of  stercorine. 

Inasmuch  as  ca^cs  frequently  present  themselves  in  which  there  arc  evidences  of  dr- 
"*<»»of  the  liver,  with  little  if  any  constitutional  disturbance,  wliile  others  are  attended 
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with  ^ave  nervous  symptomn,  it  seemed  an  intereeting  question  to  determme  wbetlier  it 
be  possible  for  cholesterino  to  accnmuJate  in  the  Mood  witLout  the  ordioary  cvuli^ncf*  of 
Jaundice.  We  had  an  oppertunitj  of  examining;  the  blood  in  two  strongly-cnntrasted 
cases  of  cirrhosis^  in  neither  of  which  was  there  jaundice. 

One  of  theao  patients  had  been  tapped  repeatedly  (about  thirty  time«),  but  the  ascites 
was  the  only  troublesome  symptom,  and  bis  general  health  was  pretty  good.  Id  this  (mm 
the  proportion  of  cholesterino  in  the  blood  was  only  0-246  of  a  part  per  thousand,  con* 
siderably  below  the  quantity  that  we  had  found  in  health. 

The  other  patient  had  cirrhosis^  but  he  was  confined  to  the  bed  and  was  very  feeble. 
The  proportion  of  cholesterine  in  the  blood  in  this  case  was  0*^22  of  a  part  per  thoosaad, 
a  little  above  the  largest  proportion  we  had  funnd  in  health. 

Like  the  examinations  of  the  blood  in  the  three  cases  of  paralysis,  these  pathological 
observations  are  not  sufficientj  in  theniaelves,  to  establish  the  function  of  cbolestertne ; , 
but,  taken  in  connection  with  our  other  experiments^  they  fully  confirm  our  views  with 
regard  to  the  excretory  function  of  the  liver.  It  is  pretty  certain  that  organic  disease  of 
the  Uver,  accompanied  with  grave  symptoms  generally  aHecting  the  nervous  giystem,  does 
not  differ  in  its  pathology  from  cases  of  simple  jauiidice  in  the  fact  of  retention  of  the 
biliary  salts  in  the  blood ;  but  these  grave  symptoms,  it  is  more  than  probable,  are  due 
to  a  deficiency  in  the  elimination  of  cholesterine — the  true  excrementitioas  principle  of 
the  bile — and  lis  consequent  accumulation  in  the  system.  Like  the  accumulation  of  urea 
in  structural  disease  of  the  kidney,  this  j^roduces  blood-poisoning;  and  we  have  charac- 
terized this  condition  by  the  name  Oholesterromia,  a  term  expressing  a  pathological  con* 
dition,  but  at  the  same  time  indicating  the  physiological  relations  of  cholesterine. 

Since  the  first  publication  of  the  preceding  observations,  numeroas  experiment*  have 
been  made  upon  tlic  relations  of  cholesterine  to  nutrition  and  disassimilation ;  but  most  of 
those  observations  in  wliich  attempts  wore  niatle  to  produce  toxic  effects  by  injecting  cho- 
lesterine into  the  blond  have  been  unsuccessful.  In  1873,  Koloman  Mtdler  (rV^rr  Cholm- 
terdmk, — Arehhfur  etperiment-elU  Pathologic  nnd  PhnrmakoUgi^  Leipzig,  1873,  Bd.  i., 
8.  31S,  et  ieq.)  succeeded  in  injecting  cholesterine  without  producing  any  bad  effect*  by 
mechanical  obstruction  of  the  blood-vessels.  He  made  a  preparation  by  rubbing  choles- 
terine with  glycerine  and  mixing  the  mass  with  soap  and  water.  He  injected  into  the 
veins  of  dogs,  2'IG  fliiidounces  of  this  solution,  containing  about  C9  grains  of  choles- 
terine. In  five  exporiraonts  of  this  kind,  he  produced  a  complete  representation  of  the 
phenomena  of  "  grave  jaundice."  Milller's  experiments  are  in  exact  accordance  with 
oar  views  concerning  the  physiological  and  pathological  relations  of  cholesterine,  Picot 
(Journal  de  Vanatomie^  Paria,  1872,  tome  viii.,  p.  24ft,  et  seq.)  baa  reported  a  fatal  case 
of  "grave  jaundice*'*  in  which  he  determined  a  great  increase  in  the  proportion  of  choles- 
terine in  the  blood,  the  quantity  being  1-804  per  1,000, 

In  view  of  all  of  these  faots^  the  missing  link  in  our  own  chain  of  evidence  having 
been  supplied  by  the  experiments  of  Mailer,  the  excreraentitious  function  of  the  liver, 
consisting  in  the  separation  of  cholesterine  from  the  bloud  and  its  discliarge  in  the  f«cc3 
in  the  form  of  atercoriuct  must,  we  tliink,  be  regarded  as  definitely  established* 


Production  of  Sugar  in  the  Liver, 

It  was  fonnerly  supposed  that  the  chief  and  the  only  important  office  of  the  liver  was 
to  produce  bile,  and  all  physiological  researches  into  the  functions  of  this  organ  were 
then  directed  to  the  question  of  the  uses  of  the  biliary  secretion;  but,  in  1848,  it  waJi  ' 
announced  by  Bernard  that  bo  bad  discovered  in  the  liver  a  new  and  important  function, 
and  he  proceeded  to  fihow,  by  an  ingeniously-conceived  series  of  experiments,  that  the 
liver  is  constantly  prcniucing  sugar  of  the  variety  that  had  long  been  recognised  in  the 
urine  of  persons  suffering  from  diabetes  mellitus.  The  great  pliysiological  and  pathoK>gi- 
Old  importance  of  the  discovery,  attested,  as  it  was,  by  experiments  which  seemed  i 
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ixB  in  their  resnlU,  excited  the  most  profound  scientifio  interest.  Pur* 
ifig  the  present  oentnrj,  indeed,  there  have  been  few  physiological  queattons  ttmt  have 
Allncied  bo  much  attention;  and  the  observations  of  Bernard  were  Boon  repeated, 
modified,  and  extended  by  experimentalists  in  different  parts  of  the  world.  In  1857, 
Bemard  discovered  a  sugar-forming  material  in  the  llver^  analogous  in  its  composition 
and  properties  to  sftarcb  ;  and  tliis  i^eemed  to  complete  the  history  of  glycogcnesis* 

Shortly  after  the  pobljcalion  of  the  glycopenie  theory,  it  wasfound  that  other  changes 
ircre  ellectt^d  in  the  blood  in  ita  pass.ige  through  tJie  liver ;  and  physiologists  tlien  under- 
stood, for  the  first  timei  how  glandular  organs  niight  produce  secretions  and  yet  not  dis- 
cluirge  tliem  into  excretory  ducts.  This,  iodiHd,  point^jd  tlie  way  to  the  expknation 
of  the  fnnction  of  the  dnctJess  glands.  It  is  perfectly  correct  to  say  that  ihe  liver 
a^cr^tea  iugar ;  bat  Uie  secretion^  in  this  instance,  is  carried  away  by  the;  blood,  and,  from 
ihis  point  of  viow«  the  liver  is  to  be  regarded  as  a  ductle&s  gland.  It  is  evident,  there- 
five^  thfti,  even  after  having  studied  fully  the  secretion  and  the  physiological  relations  of 
the  bile,  we  have  to  consider  other  glandular  functions  of  the  liver  which  are  hardly  Ic&a 
imiKKrtaiit. 


&idme«f  of  a  Qlyeogenk  Funetion  in  the  Liver. — ^Tlie  proof  of  the  glycogenio  func- 
tion <if  the  liver  rests  upon  the  fact,  experimentally  demonstrated  by  BernariJ,  that,  in 
All  ftaima^  the  blood  coming  from  the  liver  by  the  hepatic  veins  contains  sugar,  and 
lUt  the  presence  of  this  principle  here  is  not  dependent  upon  the  starch  or  sugar  of 
Itie  food.     Bernard  assumes  to  have  proven  that,  in  carnivorous  animals,  never  Laving 
:  into  the  alimentary  canal  except  in  the  milk,  there  is  no  sugar  in 
il  vein  as  it  passes  into  the  liver ;  bnt^  under  normal  conditions,  the 
iit?palie  wins  always  contains  sugar.     Having  examined  the  IjIocjkI  from  vari- 
r  the  body  and  made  extracts  of  all  the  other  tissues  and  organs,  Ikrnard  was 
to  find  sugar  in  any  other  situations  than  in  the  liver  and  tlie  blood  coming  from 
: ...  i.^er.    As  the  blood  from  the  liver  is  mixed  in  the  vena  cava  with  the  blool  from  tl>e 
I'/rer  cxtromities,  and  in  the  right  side  of  the  heart,  with  the  blotjd  from  the  rlc.'^ending 
' ivi,  the  amount  of  sugar  is  proportionately  diminished  in  passing  from  the  livt^r  to  the 
!  irt.    It  was  found  that  the  sugar  generally  disappeared  in  the  lungs  and  did  not  exist 
Hi  ts^  M'hmI  of  the  arterial  system.     Assuming  tliat  these  statements  have  been  sustained 
f.^  «T]Kri mental  facts,  there  can  be  no  doubt  that  the  liver  prcKluccs  or  seeretes  sugar, 
1  :.t  riM^  -tcrction  is  taken  np  by  the  blood,  and  that  tlie  sugar  is  destroyed  in  itspas* 
tii*c  tiifi^ugh  the  lungs. 

Th«  question  of  the  production  of  sugar  in  tlie  economy  has  given  rise  to  a  great  deal 
«'f  dlscnssion,  and  the  experiments  of  Bernard  have  been  repeated  very  extensively, 
Mmy  phy^ologists  of  high  authority  have  been  able  to  verify  these  observations  in  every 
l^nnlcular;  but  others  have  published  accounta  of  experiments  which  aeijm  to  disprove 
tlic  «rhole  tlie^ry. 

There  can  be  no  doubt  of  the  fact  that  sugar  may.  under  certain  conditions,  be  pro- 
(Inrcxl  th  fn>PO  in  the  organism.  Cases  of  diabetes,  in  which  the  discharge  of  sugar  by  tlio 
tmue  oontinnes,  to  a  certain  extent,  when  no  starch  or  sugar  is  taken  as  food,  are  coueln* 
ft?e  evidence  of  this  proposition.  It  is  a  fact  equally  well  established,  that  the  sugar 
takmtk  04  food  and  resulting  from  the  digestion  of  starch  is  consumed  in  the  organism 
I  MT^T  discharged.  The  fact  with  regard  to  diabetes  shows,  then,  that  it  is  not 
nbUt,  when  no  sugar  or  starch  is  taken  as  food,  that  suirar  should  bt*  produced  in 
[liody;  and  the  failure  to  find  the  sugar  of  the  food  in  the  bloo<i  or  excreta  shows 
lllil  thtB  principle  is  normally  destroyed  or  consumed  in  the  organism.  It  only  remains, 
tbirfftDTCf  to  determine  whether  the  prodnctTon  of  sutrnr  in  diabetes  be  a  new  pathok»gi- 
mi  proce«9  or  merely  the  exaggeration  of  a  physiological  function. 

We  have  so  often  repeated  and  verified  the  observations  of  Bernard,  both  in  experi- 
Bit0  made  for  purpoi$es  of  investigation  nnd  in  public  demonstrations,  tfiat  we  can 
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entertain  no  doubt  with  regard  to  the  glycogenic  fdnctlon  of  the  liver.  We  httve,  how* 
ever^'  made  some  late  oliservations  which  have  modified  our  views  concerning  Ihe 
niechanisra  of  glycogenesis;  but  the  fact  of  the  production  of  Bogar  in  the  heaJtby  off^iu}- 
ism  ia  not  affected.  Notwithstanding  that  it  seems  m  easy  to  verify  these  eiperim<*nta, 
there  is,  particularly  in  Great  Britain,  a  pretty  wide-spread  conviction^  Uiat  the  liver  ! 
does  not  produce  sugar  during  life,  and  that  the  sugar  found  by  Bernard  and  otliers  1» 
due  to  post-mortera  action.  This  view  ia  based  chietly  upon  the  observations  of  Dr.  Pavr, 
of  Guy's  HospittU ;  but  it  has  been  adopted  by  some  authorities  in  Germany  and  in 
France.  In  this  state  of  the  question^  it  will  not  be  sufficient  to  detail  merely  the  exjieri- 
ment3  that  seem  to  demonstrate  the  glycogenic  function,  but  it  will  be  necessary  to  exam- 
ine these  observations  critically  and  compare  them  with  experiments  which  lead,  appar- 
ently, to  opposite  conclusions ;  for  it  is  but  fair  to  admit  that  the  observations  of  Pavy 
seem  to  be  as  accurate,  and,  at  the  first  blush,  as  conclusive  as  tliose  of  Bernard. 

In  the  acxjouiit  of  the  discovery,  given  by  Bernard,  it  apjiears  that  he  first  sought  for 
the  situation  in  the  body  where  the  sugar  derived  from  alimentary  substances  is  destroyed* 
With  this  end  in  view,  he  fed  a  dog  for  seven  days  with  articles  containing  a  large  pro- 
portion of  sugar  and  starch.  On  analyzing  the  blood  from  the  portal  system,  he  found 
a  large  proportion  of  sugar;  and  he  also  found  it  in  the  blood  of  the^hepntic  veins.  As  a 
counter-experiment,  ho  fed  a  dog  for  seven  days  exclusively  on  meat  and  then  looked  (ift 
sugar  in  the  blood  of  the  hepatic  veins ;  and,  to  his  surprise,  he  found  it  in  abundance. 
This  experiment  ho  repeated  frequently  Tvith  the  greatest  care  and  always  with  the  same 
result;  and  ho  coneluded  that  sugar  was  formed  in  the  liver  and  was  contained  in  the 
blood  coming  from  this  organ  inde]vendently  of  the  diet  of  the  animal.  He  afterward 
made  extracts  of  the  substance  of  the  Hver  and  of  the  other  tissues,  and  he  found  that  this 
organ  always  contained  sugar,  while  it  was  not  to  be  detected  in  any  other  organ  or  tis- 
sue in  the  economy-  In  subsequent  experiments,  it  was  demonstrated  that  the  livert  of 
nearly  all  classes  of  animals  contained  sugar,  and  that  it  existed  also  in  the  human  sub-  ; 
ject.  Ho  made  observations,  also,  upon  the  mechanism  of  its  production,  its  disappear-  | 
ance  in  the  blood  circulating  through  the  lungs,  and  the  various  influences  which  mudify  , 
the  glycogenic  function.  These  points  will  be  considered  in  their  appropriate  place; 
and  we  shall  now  proceed,  after  examining  the  processes  for  the  determination  of  sugar, 
to  take  up,  serUtim^  the  following  questions : 

1.  The  absence  of  sugar  from  the  blood  of  the  portal  system  in  animals  that  have 
taken  neither  starch  nor  sugar  into  the  alimentary  canaL 

2.  The  presence  of  sugar  in  the  blood  as  it  oomes  directly  from  the  liver  by  tlu- 
hepatic  veins,  independently  of  saccharine  or  amylaceous  food. 

3.  The  mechanism  of  the  production  of  sugar  by  the  liver. 


Processes  for  the  Dcternnnation  of  S^tfjar, — In  Bemard^s  first  observations  upon 
liver,  he  applied  the  fermentation -test  to  a  simple  decoction  of  the  hepatic  substance  and 
obtained  unmistakable  evidences  of  sugar.  In  operating  upon  perfectly  fresh  and  normal 
blood,  the  addition  of  water  and  subsequent  filtration  frequently  sutliced  to  procure  a  clear 
solution,  to  which  the  ordinary  copper-tests  could  be  applied;  but  the  most  satisfactory 
method  of  making  a  clear  extract  was  to  boil  the  blood  with  water  and  an  excess  of  sul- 
phate of  soda.  By  this  means  a  clear  extract  can  be  obtained,  containing,  it  is  trno,  a 
large  quantity  of  sulphate  of  soda,  but  this  salt,  fortunately,  does  not  interfere  with 
the  tests.  Later,  Bernard  decolorized  his  solutions  and  extracts  by  making  the  lic|ui<l  i 
into  a  paste  with  animal  charcoal  and  filtering.  We  have  long  been  in  the  habit  i»f 
employing  both  of  these  methods;  but,  when  we  have  simply  derfrcd  to  deteniiine  the 
presence  or  absence  of  sugar,  the  process  with  the  sulplmte  of  soda  hjis  pr*ived  tlie  moro 
convenient.  In  delicate  examinations,  however,  we  have  generally  used  animal  char- 
coal, We  have  used  both  methods  in  decolorizing  the  decoction  of  the  lirer-substanc^v 
as  well  as  in  operating  upon  the  blood. 
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Iq  ordlniuy  examinatioiis^  Trommer's  test  b  safHciently  delicate ;  bat  it  is  not  sr>  i^eD- 
Ative  or  60  eonvenient  as  soaie  of  tlie  etandard  teet-solatioDs.  We  have  beua  iu  tlie 
Mt  of  ttsing^  for  the  dt^termination  of  sagar  in  tlie  urine,  a  modificatioD  of  FetiliDg^« 
^U  which  is  aJsci  very  convenient  for  examinations  of  the  blood  and  liver-extract  This 
rhil9<Bd  as  well  for  qaantitative  exaniinnlions ;  but^  like  all  of  tli©  etandard  solutionis  it 
iihe  inpiinvenivnce  of  undergoing  aUeration  by  keeping,  so  that  it  la  desirubk^  to 
-fdy  made  for  each  series  of  exunilnations.  We  have  succeeded  in  olwiating 
^  !tv^  however,  by  the  following' luodilication  in  its  preparation ;  and,  ntado  in 

tins  wAVf  it  is  pn:)bab1y  tlie  most  convenient  te«)t  that  can  Ue  used  in  the  examtnatioo  of 
Mj  of  the  animal  doid^  for  sugar. 

F*hUr\ifB  Ti^$t/or  -jftr^flr.*— The  modification  in  this  test  consists  simply  in  preparing 
three  separate  solutions,  which  are  to  be  mixed  just  before  using,  as  follows ; 

Solation  of  crystallized  f?ulphate  of  eopp>er,  94'73  grains  in  an  ounce  of  distilled  ii'af.er. 
Solution  of  neutral  tartrate  of  potash,  378*91  grains  in  an  oimce  of  distilled  water. 
Solution  of  caustic  soda,  specific  gravity  1*12,  or  about  16i°,  Baum^'s  hydrometer* 
These  solutions  are  to  be  kept  in  separate  bottles  and  ased  as  follows : 
Take  half  of  a  fluid rachm  of  the  copper-solution,  add  half  a  fluidrachm  of  the  tar* 
Irtte  of  potash^  and  add  the  caustic  sotlo,  to  make  three  flnidrachms.     It  is  important  to 
tsensnre  the  copper-s<jlution  with  accuracy,  in  quantitative  analyses,  as  the  quantity  uf 
copper  deccnnposed  indicates  the  amount  of  sugar. 

To  apply  Fehling's  test  in  ordinary  qualitative  analyses,  heat  a  Bmall  portion  of  the 
test-liquid  to  the  boiling-point  in  a  test-tube,  and  add  the  suspected  fluid,  drop  by  drop, 
li  ftojymr  b*/  [»rcsent  in  even  a  moderat^j  quantity,  a  dense,  yellowish  precipitate  of  the  sub* 
••tide  of  copper  will  bo  produced  after  lubling  a  few  drops;  ond,  if  the  liquid  be  added  to 
nhiiut  the  satite  volume  as  the  test,  and  the  mixture  be  again  raised  to  the  boiling-point 
rithout  produring  any  deposit,  it  is  certain  that  no  sugar  is  present.  The  estiinatiun  of 
t^e  quantity  of  sugar  in  any  liquid  depends  upon  the  fact  tliat  two  hundred  grains  of  the 
tftse-Jiqnid  is  docoloriiJed  by  exactly  one  grain  of  glucose.  To  apply  this  test,  measure  off, 
roi glass  sf»ecially  graduated  for  the  purpose,  two  hundred  grains  of  the  solution;  put 
tlti*  into  A  flask,  with  about  twice  its  volume  of  distilled  water,  and  Ik/iI  ;  when  boiling, 
A'M  th^  ■nspected  eolation,  little  by  little,  from  n  burette  graduated  in  grains  (raising  the 
^  the  boiling-point  each  time  and  afterward  allowing  the  precipitate  to  sub«ldo), 
iti€>  color  is  comi)lotely  discharged  ;  by  then  reading  otl*  the  number  of  grains 
;  •  -  I  iharine  solution  that  has  been  added,  the  prt)portion  of  sugar  may  bo  readily 
.iicl.  If  the  solution  he  suspected  to  contain  a  considerable  quantity  of  sugar,  the 
imate  may  be  more  accurately  made  by  diluting  it  to  a  known  degree,  say  with  nine 
t^of  water,  and  adding  this  dilut^-'d  mixture  to  the  test-liquid. 

Examination  of  the  Blowl  of  the  Portal  St/atem  for  Sufftir* — If  Starch  or  sugar  be 
ntary  canal,  it  is  well  known  that  sugar  is  always  to  be  found,  during 
1'  »od  of  the  portal  system  ;  but,  in  carnivorous  animals,  that  have  been 
Cni  osiiircJy  upon  meat,  no  sugar  can  be  discovered  in  the  portal  blood.  The  statements  of 
Bcrnonl  are  very  definite  upon  this  point,  and  ho  indicates  a  liabdity  to  error  when  the 
.ion  of  tying  the  portal  vein  has  not  been  skilfully  performed,  and  when  blood,  con* 
liitf  sugar,  Is  allowed  to  regurgitate  from  the  substance  of  the  liver.  In  taking  the 
Jusit  before  it  enters  the  liver,  it  is  necessary  to  apply  a  ligature  to  iha  vessels  as 
"  at  the  transverse  fissure.  Tins  should  be  done  quickly,  and  the  opening 
irial  cavity  should  be  small.  Otherwise,  as  the  vessels  have  no  valves,  we 
to  have  reflux  of  blood  from  the  liver.  Wo  have  frequently  performed  the 
t,  after  the  methud  described  by  Bernard,  making  a  small  opening  iu  tlie  linea 
^  ft  iittle  bclnw  the  cnsifnrm  cartilage,  just  large  enough  to  admit  the  forofinjjer  of  the 
i  bjiod ;  introducing  the  finger,  and  leel'mg  along  the  concave  surface  of  the  liver  until 
W€  aro  able  to  seizo  the  vessels;  then  passing  in  an  anenrrsm-neodle,  and  constrir^ting 
the  viittsels  before  the  abdomen  is  widely  opened,  when  a  firm  ligature  is  applied.     When 


462 


SECRETION, 


this  step  of  the  operation  bas  been  satlafactorilj^  perfonued^  we  have  never  found  a  trace 
of  sugar  in  the  extract  from  the  blood  of  the  portal  system,  in  animals  tljat  have  been 
fed  upon  nitrogenized  matter  alone. 

There  can  be  no  doubt  tliat  the  blood  carried  to  the  liver  by  the  portal  vein  does  not 
contain  sugtir,  in  animals  fed  solely  ui)on  nitrogt*nized  matters,  TIjo  qnantity  of  blood 
carried  to  the  liver  by  the  hepatic  artery  is  insignificaut ;  and^  although  the  arterial 
blood  may  temporarily  contain  a  trace  of  sugar,  as  w©  shall  see  farther  on,  this  need  not 
complicate  the  question  under  consideration,  as  the  presence  of  sugar  in  the  blood  of  tho 
hepatic  artery  is  exceptional,  and  its  proportion,  when  it  exis^t*,  is  very  minute. 

Eiaminatif^n  of  the  Blood  of  the  Hepatic  Veim  for  Sugar, — It  is  upon  this  question 
that  the  whole  doctrine  of  the  sugar-producing  function  of  the  liver  must  rest.  If  it  can 
be  proven  tljat  the  blood,  taken  from  the  hepatic  veins  daring  life  or  immediately  after 
dcstli,  normaUy  contains  sugar,  while  the  blood  distributed  to  the  liver  contains  neither 
sugar  nor  any  substance  that  can  be  immediately  converted  into  sugar,  the  inevitJiblo 
conclusion  is  tLat  the  liver  is  a  sugar-producing  organ.  Wo  shall,  consequently,  examine 
this  part  of  tho  question  with  the  care  which  its  importance  demands. 

The  proposition  that  the  Mood  from  the  hepatic  reins  does  not  contain  sugar  during 
life  and  health  cnunol  be  sustained  by  actual  experiment.  Observers  may  say  that  l)ie 
quantity  is  very  sligbt^  but  its  existence  in  this  situation,  independently  of  the  kind  of 
food  taken,  cannot  be  denied.  Dr*  Pavy,  who  is  the  originator  of  the  theory  tJiat  the 
sugar  found  in  the  liver  and  in  the  blood  coming  from  the  liver  is  due  to  a  post*roortein 
change,  nowhere  states  that  he  lias  t/iken  the  blood  Irom  the  hepatic  veins  and  failed  to 
6nd  sugar.  He  says  that  ho  lias  found  the  blood  taken  from  the  riglil  side  of  tho  heart 
by  catheterization,  in  a  living  animal,  *' scarcely  at  all  impregnated  with  saccharine  mat- 
ter," but  he  does  not  deny  its  presence  in  small  quantity.  In  twelve  examinations  made 
by  Dr.  M'Donnell^  of  Duhlin,  traces  of  sugar  were  found  in  five  specimens  of  blood  taken 
from  the  right  auricle  by  catheterization,  in  the  living  animal,  and  no  sugar  was  detected 
in  seven.  It  must  be  remembered,  in  considering  these  experiments,  that  the  blood  of 
the  right  side  of  tlie  heart  is  the  mixed  blood  from  the  entire  body ;  and,  assuming  that 
the  hepatic  blood  is  constantly  saccharine,  the  quantity  in  the  blood  of  the  right  hcflTt 
would  not  be  very  great.  In  opposition  to  these  exiieriments,  which  are  only  pnrtially 
negative,  we  have  the  following  results  of  examinations  of  the  blood  of  tho  li  us 

and  of  tho  right  side  of  the  heart,  taken  as  nearly  as  possible  under  normal « i 

To  demonstrate  the  absence  of  sugar  in  tho  portal  vein  and  its  constant  j>resence  in 
the  hepatic  veins  in  dogs  fed  exclusively  upon  meat,  Bernard  employed  the  following  pro- 
cess: The  animal  was  killed  instantly  by  section  of  the  medulla  oblongata.  A  smaJl 
opening  was  then  made  into  the  abdomen,  just  large  enough  to  admit  the  finger  and  to 
enable  him  to  seize  the  portal  vein  as  it  enters  at  the  transverse  fissure  and  to  apply  a  liga- 
ture. Tho  abdomen  was  then  freely  opened  and  a  ligature  was  apfdied  to  the  vena  cava 
just  above  the  renal  veins,  to  shut  off  the  blood  from  the  posterior  extremities.  The  chest 
was  then  opened,  and  a  ligature  was  applied  to  the  vena  cava  just  above  the  oj»ening  of  tho 
hepatic  veins.  Operating  in  this, way,  blood  may  be  taken  from  the  portal  system  before 
it  enters  the  liver,  and  from  the  hepatic  veins  as  it  passes  out.  In  the  blood  from  the 
portal  system  no  sugar  is  to  be  founds  but  its  presence  is  unmistakable  in  the  blood  firoio 
the  hepatic  veins.  To  avoid  disturbing  the  circulation  in  tho  liver,  and  in  order  to  col- 
lect from  tlje  hepatic  veins  as  large  a  quantity  of  blood  as  possible,  Bernard  modified  tbo 
experiment,  in  some  instances,  by  introducing  into  the  vena  cava  in  the  abdomen  a 
double  sound,  the  extremity  of  which  is  provided  with  a  bulb  of  India-rubber,  Tbii 
was  pushed  into  tho  vein  above  the  diaphragm  ;  and,  by  inflating  the  bulb,  the  vein  waa 
obstructed  above  the  liver,  and  the  blood  could  be  collected  through  one  of  the  canulie, 
as  it  came  directly  from  the  hepatic  vessels.  Bernard  never  failed  to  determine  the 
presence  of  sugar  in  these  specimens  of  blood,  employing  a  number  of  different  pro- 
cesses,  including  the  fermentation-test  and   even  collecting  the  alcohol.    To  complete 
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the  prti&f  of  the  existence  of  iiigar  In  the  blood  coming  irom  tlie  liver,  Bernard  demon- 
Btrat^d  its  pr«3«enc«  ia  blood  takou  Irom  the  right  tturiclo  ui  a  living  animal,  which  can 
W  readilr  dune  hy  introducing  a  catheter  into  the  right  aide  of  the  heart  tbrongb 
iin  opening  in  the  eit^rna]  jugular 
ein.     lie  aUo  showed  that^  during 

gestiun^  the  trhule  ma«ti  of  blood  \1  0     .  ^^H— ^O 

^isd  sug.ar>  hut  that  the  quantity 
i^ater  in  the  right  side  of  the 
heart  than  in  the  arterial  system. 

It  IB  unneccsjiary  to  cite  all  the 

uuthoritiea  that  have  contirmed  the 

ohaerFations    of   Bernard,      i^hortly 

after  Uiese   experiments  were  jmb- 

Ibhed*  Leliutann^  Frerichs,  and  many 

(ithcrs  reriBed  their  ace n racy*     Ber- 

nanl  pirea  in  full  the  experiments  of 

Poggixdu  and  of  Leconte,  tlie  results 

uf   which  were  identical    with    his 

orn.     lie  gives,  also,  in  one  of  his 

Inter  worka,  the  proportions  of  sugar 

iii»^  bbx»d  of  the  hepatic  veins,  oh- 

,1  hr  Lehmana,  Schmidt,   Pog* 

i      and  Leeonte,  no  sugar  being 

I  :.Mi  in  the  blood  of  the  portal  sys- 
tein«  We  have  ourselves  made  a 
nambfr  of  experiments  with  a  view 
of  harmoniJSiug,  if  possible,  the  dis- 

'  nervations  of  Bernard  and 

bive  exfimined  the  blood 

'  'IS  for  sugar,  tjik- 

II  .  iider  what  seemed 
•>lrict]y  phjKiological  coodi- 
In  one  of  these  published  ex- 

uta,  blood  wo^  taken  from  the 

Teins  of  a  UrgQ  dog,  fully- 

and  fed  rey:ultirl^  every  day 

stiott  at  the  time  of 

t,  and   the  operation 

'  venty    sceunds.      No 

^  employed.    The  ex- 

oimen  of  blood,  treat- 

u*    iMiiiiig*a    test-liquid,   pre- 

m  well-marked  deposit  of  the 

» of  copper,  revealing  unequivo- 

fly  ihe  presence  of  a  small  quan- 

<FUgar.*    This  has  been  the  in- 

le  result  in  numerous  experi- 

^fttid  class-demon  St  rat  ions  made  since  1858;   and,  smco 

I  fotperimenU  just  referred  to  were  published,  we  have  veri- 

I  the  obiervation  with  regard  to  the  hepatic  blood,  keeping 

Animal  perfectly  qniist  before  the  operation^  avoiding  the 

don  of  an  ana^stlietic,  and  taking  the  blood  so  rap- 

•  Fuyr,  Jr<,  MieptHmtHU  undertaken  for  th^  PnrponB  o/  recimciiinif  §omeo/  (he  Diseorftnnt  tjbn^rmHont 
m$i«m  At  mi/eogt^^  Punetfon  t^  tkt  JAt*r.—S*\D  York  Medical  Jtmruak  lls^J,  voL  via^  ju  8:?i,    'Thewi  cjcperl- 


Fio.  \m,—rathtier  firr  tA4 
ri^ht  a(Je  t^  tk^  HmH. 
(Beroard) 

E,  extreiiiity  of  the  tulw; 

ity  to  bt'  tatroduced  i&to 
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idly  thnt  no  sngar  could  be  formed  bj  tbo  liver  post  mortem.    These  ftxperimonU  1 
no  doubt  of  tht)  fact  tbat,  daring  life  and  in  healthy  the  blood,  as  it  passes  throtigh  tL«] 
liver  mid  iii  discharged  by  the  hepatic  Teins  into  the  vena  cava,  contains  gu^ar,  which  ia  J 
formed  by  the  liver^  independently  of  the  sugar  and  starch  taken  oa  food. 


Ih«9  the  Liter  cofttain  Sugar  normally  durinf^  Lifet — Thia  la  the  only  queation  npom 
which  the  results  of  reliable  experiments  have  been  entirely  opposite.     Bernard  iiiiid« 
the  greater  part  of  hia  observations  by  analyzing  the  substance  of  the  liver;  and  bo 
arrived  at  most  of  his  conclusions  with  regard  to  the  variations  in  the  glycogeuic  function, 
from  estimates  of  the  proportion  of  sugar  in  the  liver  under  different  conditions.     Fi^ 
many  years  we  have  been  in  the  habit  of  repeating  these  eJtperiraents,  with  like  resiilta^ 
and  we  have  never  failed  to  find  sugar  onder  normal  conditions  of  the  system.     We  w«^ 
formerly  in  the  habit  of  making  the  demonstrations  of  the  formation  of  sugar  in  the  liver 
upon  animals  that  had  been  etherized ;  and  then  we  always  o!>tained  a  brilliant  precipitjkt0 
from  the  clear  extract  of  the  substance  of  the  liver  boiled  with  the  test-liiiuld.     Tb<ii 
©xperiraont  was  performed  in  this  way  before  we  had  acquired  sulBcient  dexterity  to  seix4> 
the  portal  vein  readily  and  to  go  through  with  the  necessary  manipulations  with  rapidity. 
We  subsequently  made  the  operation  by  first  suddenly  breaking  up  the  medulla  obloo 
gata,  then  making  a  small  incision  into  the  abdominal  cavity,  seizing  tlie  portal  vei 
instantly,  and  following  out  the  remaining  steps  of  the  experiment  without  delay.    In 
way,  although  sugar  was  always  found  in  the  blood  of  the  hepatio  veins,  we  frequently] 
failed  to  obtain  a  distinct  reaction  in  the  extract  of  the  liver ;  and  it  appeared!,  indeed,  thai 
the  more  accurately  and  rapidly  the  operation  was  performed,  the  more  difiicult  was  i$j 
to  detect  sugar  iu  the  hepatic  sabstance.     It  ^eems  prohable,  in  reflecting  upon  thesfltj 
facts,  that,  inasmuch  as  no  one  has  assumed  that  the  actual  qmintity  of  sugar  produce' 
by  the  liver  is  very  consideralde,  and  as  a  large  quantity  of  blood  (in  which  the  mi\ 
IS  very  soluble)  is  constantly  passing  through  the  liver,  precisely  as  we  pass  water  thraoftbi 
its  vessels  to  remove  the  sugar,  the  sugar  might  be  washed  out  by  the  bhxjd  as  fMt 
as  it  is  formed ;  and  that  really  the  liver  might  never  contain  sugar  in  its  »ub*tance.  as 
a  physiological  condition,  although  it  is  constantly  engaged  in  its  pro<luctian,     Wc  know 
that  the  characteristic  elements  of  the  various  s^ecretions  proper  are  produced  in  thd 
substance  of  the  glands  and  are  washed  out  at  the  proper  time  by  liijuid  derived  (vQim 
the  blood,  which  circulates  in  their  substance  during  their  functional  activity  in  very 
much  greater  quantity  than  during  the  intervals  of  secretion.     Now,  the  liver-sugar  may 
certainly  be  regarded  as  an  element  of  secretion ;  and,  possibly,  it  may  be  coa^pWl«d/ 
washed  out  of  the  liver,  as  fa^t  as  it  is  formed,  by  the  current  of  blood,  the  bepati< 
vein,  In  this  regard,  serving  as  an  excretory  duct.    To  put  this  hypothesis  to  the  icsA 
of  experiment,  it  was  necessary  to  obtain  and  analyze  a  specimen  of  the  liver  in  :i  condi* 
tion  as  near  as  possible  to  that  under  which  it  exists  in  tlic  living  arganism ;  and,  in! 
carrying  out  this  idea,  wc  instituted  the  following  experiments: 

I^xperiment  L— A  medium-sized  dog,  full-grown,  in  good  condition,  and  not  in  digestion, 
was  held  upon  the  operating-table  by  two  assistants,  and  the  abdomen  was  widely  opeaed 
by  Q  single  sweep  of  the  knife.  A  portion  of  the  Hver,  weighing  about  two  ounces,  wa» 
tlien  excised  and  immediately  cut  into  small  pieces,  which  were  allowed  to  fall  into  boil- 
ing water.  The  time  from  the  first  incision  until  the  liver  was  in  the  boiling  water  wuk 
twenty-eight  seconds.  An  excess  of  crystallized  sulphate  of  soda  was  tlien  added,  and 
the  mixture  was  boiled  for  about  five  minutes.  It  was  then  thrown  upon  a  filter,  and  Uio 
clear  finid  that  parsed  through  was  tested  for  sugar  by  Trommer*s  test*  The  reaotioa 
was  doubtful  and  aftV»rded  no  marked  evidence  of  sugar. 

Efpcrimtnt  IT. — A  medium-sized  dpg»  in  the  same  condition  as  the  animal  in  the  firnt 
experiment,  was  held  upon  the  table,  and  a  portion  of  the  liver  was  excised,  as  abuve 
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The  whole  operation  oceiipieti  twentj-two  second 9.  Only  ten  seconds  elapsed 
vhe  time  the  portion  of  the  liver  wtis  cut  off  until  it  was  in  the  boiling  water.  It 
I  b«>t1ed  for  about  fifteen  mitiute^,  nuide  into  a  paste  with  animal  chtirroal,  and  thrown 
I  A  filter.  The  clear  fluid  that  passed  through  was  tested  for  sugar  bj  Trommer''? 
There  was  no  marked  eviiJence  of  sugar* 
^Aperiment  ITI» — A  large  dog,  full-grown  and  fed  regularly  every  day,  hut  not  in  diges- 
tion at  the  time  of  the  experiment^  was  held  firmly  upon  the  table.  Tids  dog  had  been 
m  ibit  laboratory  about  a  week  and  was  in  a  perfectly  normal  condition.  The  ttbdomlnal 
eftTity  was  opened,  and  a  piece  of  the  liver  was  cut  oft'  and  thrown  into  boiling  water, 
^ded  in  the  process  being  ten  Beconda.  Before  the  liver  was  cut  up  into  the 
r,  the  blood  was  rinsed  off  in  cold  water.  The  liver  was  boiled  for  about 
\  ith  animal  charcoal,  and  the  whole  was  thrown  upon  a  Hlter. 
j:  off  a  portion  of  tlie  liver  and  throwing  it  into  boiling  water, 
broken  up,  a  ligature  wan  applied  to  the  ascending  vena  cava 
.-  -  .  ,  the  chest  was  opened,  and  a  ligature  was  applied  to  the  vena 
eiva  just  above  the  opening  of  the  hepatic  veins.  A  specimen  of  blood  was  then  taken 
from  tJie  hepotio  veins.  This  portion  of  the  operation  occupied  not  more  than  one  minute. 
A  IjUIc  water  was  added  to  the  bloody  which  was  boiled  brigkly,  mixed  with  animal  char- 
and  thrown  npon  a  filter.  The  liquid  that  passed  through  from  both  specimens  waa 
feetly  clear, 

Wliilo  the  filtration  was  going  on,  Fehling*s  test-liquid  was  made  up,  so  as  to  be 
|»«rfvctly  fresh.  ITie  two  hqaiJs  were  then  carefully  tested  for  sugar.  The  extract  of 
U\e  liver  presented  not  the  slightest  trace  of  sugar.  The  extract  from  the  blood  of  the 
atic  veins  presented  a  well-marked  deposit  of  the  oxide  of  copper,  revealing  unequivo- 
'  the  presence  of  a  small  quantity  of  sugar. 

Erp^iffunt  TV,— This  experiment  was  made  upon  a  medium-sized  dog,  in  full  diges- 
tion of  fti*»?it.  The  medulla  oblongata  was  broken  up;  the  port.nl  vein  was  tied  through 
«  fn  the  abdomen;  and  the  abdomen  wan  then  widely  ojiened,  and  a  por- 

Iv  ijxcised,  rapidly  rinsed,  and  cut  up  into  boiling  water.     The  length  of 

tirae  that  elapsed  between  breaking  up  the  medulla  and  cutting  up  the  specimen  of  liver 
iaio  die  boiling  water  was  one  minute. 

Tlie  vena  cava  was  then  tied  above  the  renal  veins,  the  chest  opened,  and  the  cava 
^kwi  tietl  above  the  hepatic  veins.     Blotnl  was  then  taken  from  the  hepatic  veins,  about 
to  ^XkfX  tnlk  of  water  was  added,  with  an  excess  of  the  crystnUized  sulphate  of  soda,  and 
tture  waa  boiled.     A  portion  of  the  portal  blood  and  the  decocti<m  of  the  liver 
•  oti  treated  in  the  same  way,  and  the  three  specimens  were  tillered. 
Tills  dear  extracts  were  then  tested  with  Fehling's  liquid,  with  the  following  result: 
There  was  no  sugar  in  the  pf»rtal  blood. 
There  was  no  sugar  in  the  extract  of  the  liver. 

T'-tro  was  a  marked  reaction  in  the  extract  of  the  blood  from  the  he]iatio  veins,  the 
jte  rendering  the  whole  solution  bright  yellow  and  entirely  o])aque. 

-  riment  wfis  made  in  the  presence  of  the  class  at  the  Bellevue  Hospital  Med- 
ian unry  4,  1800. 

rtaoce  of  the  question  under  consideration  and  its  present  unsettled  condi- 

hope,  sufficient  to  justify  the  introduction  of  the  details  of  the  preceding 

They  were  undertaken  with  the  view  of  harmonizing,  if  possible,  the  facts 

^  .:  ,   ,  sard  by  different  experimentalists. 

It  is  difficult  to  imagine  how  any  observer,  bo  well  known  and  accurate  as  Dr.  Pavy, 

'*  -rst^ert  po**ltively,  as  the  result  of  personal  examination,  that  the  liver  does  not 

sugar  when  examined  immediately  after  its  removal  from  the  living  body,  when 

J^'Hsard  and  so  many  other?!*  have  demonstrated  its  presence  in  this  organ  in  large  (luantity. 

Tut,  stich  was  the  result  of  all  the  experiments  of  Pavy,  and  the  same  conclusion  was  ar- 

'^ttti  at  by  M'Donnell^  and  afterward  by  Meissner  and  Jaeger^  and  bj  Schiff.    The  ingeniooa 
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experiment  of  Bernard^  showing  that  sugar  i*  formed  in  a  liver  romoveti  from  the  body 
and  washed  sugar-free  by  a  stream  of  water  puisaed  through  its  vet^sela,  demonstrate?*!  the 
possibility  of  the  production  of  sugar  post  mortem,  so  strongly  claimed  by  Pavy  as  tbejH 
only  condition  under  wliich  it  ia  ever  formed  ;  stilly  it  does  not  seom  poasiblo  to  deny  tlia^| 
SQgar-producing  function  of  the  liver,  in  view  of  the  conclustvo  oxperimental  proof  of  th^ 
constant  pre^ienco  of  ghicoso  in  the  blood  of  the  hepatic  veina. 

From  our  own  experiment**,  wo  have  come  t^  tlie  conclusion  that  Dr.  Pavy  and  tfao6a^| 
who  adopt  his  views  ctmuot  consistently  deny  that  jr*u^ar  is  constantly  formed  in  tbo  liv«r^l 
and  discharged  into  tho  blo«»d  of  the  hepatic  veina;  nor  can  Bernard  and  his  follower* 
ignore  the  fact  that  the  liver  does  not  contain  .sugar  during  life;  although,  as  Jias  he< 
shown  by  Pavy,  and  more  BpcciticaLly  by  M' Donnelly  sugar  appears  in  the  liver  in 
iibandance  soon  afler  death. 

In  the  experiments  that  we  have  just  detailed,  which  are  simply  typical  exaiiipl«^  o1 
unmeroua  unrecorded  observations,  wc  attempted  to  verify  tho  observations  of  Pa^ 
without  losing  sight  of  the  facts  observed  by  Bernard,  and  to  verify  the  ex[»eriments  41! 
Bernard  in  tlie  face  of  the  aj^parently  contradictory  statements  of  Pavy.     When  an 
mal  is  in  perfect  health,  lias  been  kept  quiet  before  the  experiment,  and  a  piece  of  tl 
liver  u  taken  from  him  by  tw\>  sweeps  of  the  knife,  the  blood  rinsed  from  it  and  the  ti 
sue  cat  up  into  water  already  boiling,  the  whole  operation  occupying  only  ten  wc^Mit 
(as  was  the  case  in  Experiment  III.),  the  liver  is  as  nearly  as  possible  in  the  condition 
which  it  exists  in  the  living  organisui.     As  this  was  done  repeatedly  in  animals  darini 
digestion  and  in  tho  intervals  of  digestion,  and  an  extract  was  thoroughly  made  withouJ 
finding  any  sugar,  we  regarded  tho  experiments  of  Pavy  as  entirely  confirmed  and  the  ft 
demonstrated  tliat  the  liver  does  not  contain  sugar  during  life.    On  the  other  hand,  whi* 
we  made  tho  experiment  upon  the  liver  as  alxjve  described,  and,  in  addition,  took  specimens 
of  Uie  portal  blood  and  the  blood  from  the  hepatic  veins,  under  strictly  phymologi 
conditions  (as  was  done  in  Experlmeut  IV.),  and  found  no  sugar  in  the  portal  blood 
in  the  pubstance  of  the  liver,  but  an  abundance  in  the  blood  of  tho  hepatic  veins,  it  vnsi 
impossible  to  avoid  the  conclusion  that  tho  sugar  was  formed  in  the  liver  and  was  waohcd 
out  in  the  blood  as  it  pjissed  through. 

In  treating  of  tho  mechanism  of  tho  formation  of  sugar  in  the  liver,  we  shall  describe 
more  fully  the  glycogenic  matter ;  but,  talking  into  consideration  the  dcmontitration  of 
the  presence  of  sugar  in  the  blood  of  the  hepatic  veins  by  Bernard ;  his  discovery  of  the 
post-mortem  production  of  sugar  in  a  liver  waf^hed  sugar-free,  probably  from  a  snb^tAii* 
remaining  in  the  liver  and  capable  of  being  transformed  into  sugar ;  tlie  negative  resali 
of  tho  exatuinations  of  the  liver  for  sugar  by  Pavy ;  and^  adding  to  tliis  our  own  oxj>en- 
ments  upon  all  of  these  points,  we  are  justified  in  adopting  the  following  c> 

L  A  substance  exists  in  the  healtliy  liver,  which  is  cnpable  of  being  < 
sugar;  and,  inasmuch  as  this  ia  formed  into  sugar  daring  life,  the  sugar  bein 
away  by  the  blood  passing  through  tho  liver,  it  is  perfectly  proper  to  call  it  gh 
or  sngar-forming  matter* 

2.  The  liver  has  a  glycogenic  function,  which  conasts  in  the  constant  formation  0! 
sugar  out  of  the  glycogenic  matter,  this  being  carried  away  by  tho  blood  of  the  hepatii 
veins,  w*hich  always  contains  sugar  in  a  certmn  proportion.     This  producli«>n  tif  sugar 
takes  place  in  the  carnivora,  as  well  aa  in  those  animals  that  take  sugar  and  starch  m 
food  ;  and  it  is,  essentially,  independent  of  the  kind  of  food  taken. 

3.  Daring  life,  tlio  liver  contains  tho  glycogenic  matter  only  and  no  sugar,  bccii«M< 
tlie  great  mass  of  bliK>d  which  is  constantly  passing  through  tliis  organ  witshes  out  tli» 
sugar  as  fast  as  it  is  formed ;  but,  after  death  or  when  tho  circnLition  is  interfered  with, 
the  transfonnation  of  glycogenic  matter  into  sugar  goes  on ;  the  sugar  is  not  removod 
under  these  conditions,  and  can  then  bo  detected  in  the  substance  of  the  liver. 

Characten  of  the  ZAiser-Bugar^-^Yerj  little  is  to  be  said  regarding 
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enUsHtles  of  Uver-sngor.  It  resembles  glucose,  or  tho  sugar  reanUlDg  froiD  tlio  digestion 
id  itoroli»  in  Its  couipusitioti.  This  su^ar,  like  glucose,  rt^spondi)  promptly  to  nil  of  tiio 
eepfier-tMfl,  and  It  undergoes  transformation  inta  melassic  acid  on  being  boiled  with  an 
irikftli.  Oft*  tif  it-*  rnoH  marked  peculiarities  is  tl»at  it  fernieut^  more  readily  than  any 
;  and  another  is  that  it  U  destroyed  in  the  economy  with  extjaor- 
-  idet  has  been  illustrated  by  tbo  Ibllowing  ingenious  experiment ; 
Qjird  injected  under  tho  skin  of  a  rabt>it  a  little  more  than  seven  grains  of  cane- 
dia4k>lvrd  in  about  an  ounce  of  water,  and  be  found  sugar  in  the  urine.  Under 
the  MCD6  ooQclJUoni!,  be  fcmnd  he  eould  ii\ject  seven  grains  of  milk-sngar,  fourteen  and 
a  Uftlf  gmuLd  uf  glucose^  twenty-one  and  a  half  grains  of  diabetio  sugar,  and  nearly 
thirty  gratos  of  rtTer^sugar^  without  finding  any  sugar  in  the  urine ;  showing  that  the 
liror-st:.  samed  in  tho  organism  more  rapidly  and  completely  than  any  other  sac* 

chAfiav 


lfc.-X<ifik*m  (if  the  Productiim  of  Suffar  in  the  Liter, — When  Bernard  first  described 
tJ  ic  function  of  the  liver,  he  thonght  that  tho  sugar  was  produced  from  nitro- 

^u^^'j^i  jriiiciples,  in  some  manner  which  lie  did  not  attempt  to  explain.  Subsequent 
diseciTer)i«,  hovvever,  have  led  to  conclusions  entirely  diiferent. 

In  1-""    '  '  rmblished  an  account  af  his  reniarkable  experiment  showing 

tic  pfh-  u  of  sugar.     After  washing  out  the  liver  with  water  passed 

through  lUi^t  ic?5cU  uuiil  it  ni>  longer  contained  a  vestige  of  sugar,  it  was  allowed  to 
remain  at  about  the  temperature  of  the  body  for  a  few  hours  and  was  then  found  to  con- 
tain fQgar  in  abundance.  This  experiment  we  have  already  referred  to,  and  it  is  one 
tkoft  we  have  fre«iUyntly  verified,  Bernard  explained  the  phenomenon  by  the  supposition, 
flihMqu«iitly  shown  to  be  correct,  tltat  the  liver  contains  a  peculiar  principle,  slightly 
^  In  wiitffr  imd  capable  of  transformatiotk  into  (iugar. 
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Gtfeogmk  Matter, — In  its  composition,  reactions,  and  particularly  in  the  facility  with 
fhjch  \i  wndergoes  tran*.  format  ion  into  sugar,  glycogenic  matter  bears  a  very  close 
blance  to  starch.  It  is  described  by  Favy  under  the  name  of  amyloid  matter,  a 
nhich  is  applied  to  it,  also,  by  Rouget.  It  la  insoluble  in  water,  and,  by  virtue 
(»f  this  property,  it  may  be  extracted  from  the  liver  after  the  sugar  has  been  wasliod 
oot    TYia  following  is  Uie  method  for  its  extraction  proposed  by  Bernard  : 

Tb*  liver  of  a  small  and  young  animal,  like  the  rabbit,  in  full  digestion,  prosenta  the 

n       '  '  irions  for  the  extraction  of  the  glycogenic  matter.    The  liver  is 

'  1 1  immediately  after  it  is  killed,  is  cut  into  thin  slices,  and  thrown 

voter.     When  the  tissue  is  hardened^  it  is  removed  and  ground  into  a  pulp 

I  It  is  then  boiled  a  second  time  in  the  water  of  the  first  decoction,  strained 

•    .*h  A  cloth,  and  the  opaline  liquid  which  passes  through  is  made  into  a  thin 

[^■it  with  animal  cliarcool.     The  paste  is  then  put  into  a  displacement-apparatus,  the 

«ind  uf  which  is  loosely  filled  with  shreds  of  moistened  cotton.     By  aaccoasivo  waah- 

«^  tli«  past«  is  exhausted  of  its  glycogenic  matter,  leaving  behind  the  albuminoid 

«wl  coloring  matters.     The  whitish  liquid,  as  it  flows,  is  received  into  a  vessel  of  abso- 

Iwt  alcohol,  when,  o%  each  drop  falls,  the  glycogenic  matter  is  precipitated  in  white 

^n.    Tina  is  filtered  and  dried  rapidly  in  a  current  of  air    If  the  alcohol  be  not 

I  t»>  become  too  dilute,  the  matter  when  dried  is  white  and  ea^ly  pulverized. 

Instance  thus  obtained  may  be  held  in  suspension  in  water,  giving  to  the  liquid  a 

-  >  opaline  appearanceu    It  b  neutral,  without  odor  or  taste,  and  presents  nothing 

'  -'^tlc  under  the*  microscope.    It  reacts  strongly  with  iodine,  which  produces 

t  or  che«tnut-brown  color,  but  rarely  a  well-marked  blue.    It  prescnta  noiJo 

tions  of  SI  'is  entirely  insoluble  in  alcohol.    It  is  changed  into  sugar 

!>)r  a  lon^r  ih  dilute  acids,   and  this  conversion  is  rapidly  effected 

tfj  tike  diJivo,  the  pou^caUc  juice,  and  a  peculiar  ferment  found  in  the  substance  of 
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the  liver.     Prepared  in  the  way  above  indicated,  and  pnlverized^  it  maj  be 
for  an  indefinite  period. 

The  peculiar  reaction  of  the  glycojs^enic  iiiatt4sr  with 
iodine  has  led  to  its  recognition  in  the  substance  of  tb€ 
liver-celk  and  in  euuie  other  gituations.     Schiff  found  in  ' 
the  livcr-cella  rainute  granulations,  which  presented  the 
peculiar  color  on  the  addition  of  iodine,  characteristic  of  J 
glycogenic  matter*     Bernard,  a  few  years  after  his  dis 
covery  of  this  principle  in  the  liver,  recognized  it  in  eeJli 
attached  to  the  placenta.     He  believes  that  these  ceUi 
produce  sugar  during  the  early  period  of  foetal  life,  bt?fur 
the  liver  takes  on  tbis  function,  and  that  they  disappear  1 
during  the  later  months,  as  the  liver  becomes  fully  devel- , 
oped. 

Since  the  discovery  of  the  glycogenic  fimction  of  th« 
liver*  anatomists  have  found  amyloid  corpuscles  in  varion 
of  the  tissues  of  the  body.    We  do  not  propose,  how* 
ever,  to  diaensfl  this  question  in  all  its  bearings,  but  only 
to  consider  the  known  relations  of  the  amyloid  spobstanc 
found  in  the  body  to  the  formation  of  sugar. 

In  the  first  place^  there  can  be  no  doubt  of  the  fact, 
that  the  liver  of  a  carairorons  animal  that  has  been  f^ 
exclusively  on  meat  contains  an  amyloid  substance  readily 
convertible  into  sugar.    The  question  of  the  existence  ofj 
the  same  amyloid  matter  in  other  tissues  and  organ<^ 
only  pertinent  in  so  far  as  it  bears  upon  the  productioii 
of  sugar  or  upon  the  formation  of  the  glycogenic  matte 
in  the  liver.     In  no  tissue  or  organ  in  the  adult  has  tfi 
been  demonstrated  that  there  is  any  formation  of  sugar,! 
except  the  ordinary  transformation  of  starclj  inta  gngar^ 
in  the  process  of  digestion. 

If  the  liver  taken  from  an  animal  l^ilted  b^| 

fiimply  kept  at  about  the  temperature  i-.  ...v  ..ody,  aft«r 
it  has  been  drained  of  l>lood  or  even  after  it  haa 
washed  through  the  vessels,  sugar  will  be  rapidly  fonucfl 
in  its  substance.    This  must  be  due  to  some  ferment  ro 
maining  in  the  tissue;  and  Bernard  has^  indeed,  been  ahlol 
to  isolate  a  principle  which  exerts  this  influence  in  al 
marked  degree.     If  an  opaline  decoction  of  the  liver  h0| 
allowed  to  stand  until  it  htvs  become  entirely  clear,  sltow- 
ing  that  oil  the  glycoj^enic  matter  has  been  tranfiformi'4J 
into  sugar,  and  alcohol  be  added  to  the  lujuid,  the  hepatiol 
ferment  will  be  precipitated.    TJiis  may  be  redis$olve<il 
in  water,  and  it  effects  the  transformation  of  starch  into  I 
sugar  with  great  rapidity.    From  these  facts,  it  is  pretty  j 
conolnaively  shown  that  the  following  is  the  xnecbanism 
of  the  production  of  sugar  in  the  liver : 

The  liver  first  produces  a  pecnliar  principle  (analo- 
Vion   gous  to  starch  in  its  composition  and  in  many  of  its  prop- 
tion;  M.  lamp-wi.  I  to   erties,  tliough  it  contams  two  atoms  more  of  water)  out 

IkJ!"^-''  '*"'"-  '^^  of  which  the  sugar  is  to  be  formed.    Tlje  name  glycogenic  ' 

rj'"'^  !  '^'»*   matter  may  properly  be  applied  to  this  aubstance*    It  is^ 

precipitaudi  v^tti^Uo!,         '  ^"^  tis  far  06  IS  known,  produced  in  all  claaaes  of  animaU, ; 
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rfvoffti&d  lierbivora;  and^  although  its  quantity  m&y  be  modified  bj  tlie  kiuJ  uf  foud, 
its  fQiniAtioQ  h  essentiuny  independent  of  the  alimentary  principles  ubdorbed. 

The  gljeuirenic  matter  is  not  taken  up  bj  the  blood  m  it  passes  through  the  liver,  bat 
If  gmdoAlly  transformed,  in  the  substance  of  the  Uver^  into  angar^  which  is  washed  out 
of  the  orgtn  a:*  ftist  as  it  is  produced.  Thus  the  blood  of  the  hepatic  veins  always  con- 
taina  siigmr,  although  sugar  is  not  contained  in  the  substance  of  the  liver  during  lile. 

Variations  in  the  Glycogenic  jFunctiou, 

Tft  following  ont  the  relations  of  the  glycogenic  proceM  to  tho  various  animal  tunc- 
t:  3rd  studied  very  closely  its  variations  at  different  periods  of  life,  with  digea- 

^i-  iluenee  of  the  nervous  system,  and  other  modifying  conditions,     IJe  made 

e  of  his  observations  by  examining  the  blood  in  linng  animals,  and  others,  by  e^ti- 
bating  the  proportion  of  sugar  in  the  liver.  The  latter  method  is  to  be  considered,  with 
U)  Appreciation  of  the  fact  that  the  liver  does  not  nonnally  contain  sugar  during  life ; 
but  it  represents,  to  a  certain  extent,  tlie  activity  of  the  glycogenic  function.  Stilly  the 
tucln  arrived  at  in  this  way  must  be  taken  with  a  certain  degree  of  caution. 

Oljfe^fjm^U  in  the  Feetui.—lti  the  early  months  of  foetal  life,  many  of  the  tissues 

tad  rttuds  of  the  body  were  found  by  Bernard  to  bo  strongly  saccharine;  but  at  this 

lime  no  sugar  is  to  be  found  in  the  liver.     Taking  the  observations  upon  fcetal  calves  as 

a  criterion,  sugar  does  not  appear  in  the  liver  until  toward  the  fourth  or  fifth  month  of 

mtra*nterino  life.     Before  this  period,  however,  epitlielial  cella  filled  with  glycogenits 

matter  are  found  In  tho  placenta,  and  these  produce  sugar  until  the  liver  takes  on  ita 

'^""-*  ms.     As  the  result  of  numerous  observations  by  Bernard  upon  foetal  oalvea^  this 

u  of  the  placenta  appears  very  early  in  fcetal  life,  and,  at  the  third  or  fourth 

it  has  attained  its  maximum.     At  about  tbia  time,  when  glycogenic  matter  begins 

var  in  tho  liver,  the  glycogenic  organs  of  the  placenta  become  atrophied,  and  they 

iliaii^i^H^ar  some  dmc  before  birth. 

lnjtu<jwc  €if  Di*jf4twn  and  of  Different  KintU  of  Food, — Activity  of  the  digestive 
rjAQs  has  a  marked  influence  upon  the  production  of  sugar  in  the  liver.     In  a  fasting 
.  sugar  is  always  fuund  in  the  blood  of  th«  hepatic  veins  and  in  the  vessels  between 
T  and  the  heart,  but  it  never  posses  the  lungs  and  does  not  exist  in  the  arterial 
1.     During  digestion,  however,  even  when  the  diet  is  entirely  nitrogenized,  the 
:'     _    r  U  so  much  increased  that  a  small  quantity  frequently  escapes  decom- 
H  and  passes  into  the  arterial  blood.     Under  these  conditions,  the 
r  ho  artijfial  blood  is  s<:)mctiraea  so  large  that  a  trace  may  appear  in  the  urine, 
iry  and  exceptional,  but  not  nn  abnormal  condition.     This  fjhymological  fact 
t  rated  in  certaio  cases  of  disbetea.     There  are  instances,  indeed,  in  which  the 
Si  in  the  urine  only  during  digestion ;  and,  in  almost  all  cases,  the  quantity 
ftiinated  h  largely  increased  after  eating. 
nil  ifiriuenco  of  the  kind  of  fcM»d  upon  the  glycogenic  fnnction  is  a  question  of  great 
pBtJtoliipcal  as  well  as  p!iysiological  importance.     It  is  well  known  to  pathologists  that 
■  tes  are  relieved  when  tho  patient  is  confined  strictly  to  a  diet  con- 
irine  nor  amylaceous  principles,  and  that,*  almost  alwny*,  the  quan- 
u'ed  is  very  much  diminished  by  such  a  course  of  treatment ;  but 
M  which  the  discharge  of  sugar  continues,  in  spite  of  the  most  caro- 
led diet.     Bernard  does  not  recognize  fully  the  influence  of  difierent  kinds  of 
dreogenesia,  and  his  experiments  on  this  point  are  wanting  in  accuracy,  from 
'  the  proportion  of  sugar  in  tfie  liver  is  given,  without  indicating  at  what 
Th  the  examinations  were  made*     In  tho  observations  upon  this  point  by 
nations  of  the  liwr  were  made  irnniediately  after  death,  and  the  pri»por- 
Utui  U  giycogtaio  matter— not  sugar— was  estimated.    His  results  are,  consequently,  much 
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more  reliable  and  satisfactory.  In  a  number  of  maalyses  of  the  livers  of  dogs  con^e 
to  different  articles  of  diet^  Pavy  found  u  little  over  seven  per  cent,  of  glycogenic  roatt« 
uf»on  a  diet  of  animal  food ;  over  seventeen  per  cent.,  upon  a  diet  of  vegetable  food  ; 
funrteen  and  a  half  per  cent,,  upon  a  diet  of  animal  food  and  iugar.  These  reault«  hny 
been  confirnied  by  M'Donnell,  who^  in  addition^  found  that  barcDy  a  trace  of  amjloli 
substance  cunJd  be  detected  in  the  liver  upon  a  diet  of  fat,  and  none  whatever  upon  a  i 
of  gelatine.  Bernard  had  already  observed  that  the  amount  of  sugar  produced  by  tfc 
liver  upon  a  diet  of  fat  was  the  game  as  during  total  abstinence  frum  food.  These  facts  i 
entirely  in  accordance  with  observations  upon  the  effects  of  different  kinds  of  food  ; 
diabetes,  and  they  have  an  important  bearing  upon  the  dietetic  measures  to  lie  emplojfl 
in  this  disease. 

The  effect  of  entire  deprivation  of  food  is  to  arrest  the  production  of  sugar  in  tl 
liver,  three  or  four  days  before  death.  This  arrest  of  the  glycogenic  function  ha^  genef 
ally  been  observed  in  cases  of  disease,  except  when  death  has  occurred  suddenly* 


hftuence  of  the  Nertom  System,  etc, — Bernard  has  studied  the  influence  of  the  De 
vous  system  upon  the  production  of  sugar  more  satisfactorily  thnn  any  other  of  the  va 
ations  of  the  glycogenic  function,  for  the  reason  that  he  has  noted  tbe*e 
modifications  by  determining  the  sugar  in  the  blood  and  in  the  urini 
Some  of  the  points  with  regard  to  the  nervous  system  wo  shall  consid^ 
again,  and  it  is  sufficient,  in  this  connection,  to  mention  the  main  re&utti 
of  some  of  the  most  striking  of  the  experiments  upon  this  subject. 

The  most  remarkable  experiment  upon  the  influence  of  the  ner 
votis  system  on  the  liver  is  the  one  in  which  artificial  diabctea 
produced  by  irritation  of  the  floor  of  the  fourth  ventricle,  Thij 
operation  is  not  difficult,  and  it  is  one  that  wo  have  often  repeat* 
The  instrument  used  is  a  delicate  stile t,  with  a  flat,  cutting  ertremitj 
and  a  small,  projecting  point  about  ^^  of  an  inch  long.  In  perfor 
ing  the  operation  upon  a  rabbit,  the  head  of  the  animal  is  flnu]| 
held  in  the  left  hund,  and  the  skull  is  penetrated  in  the  median 
line,  just  behind  the  superior  occipital  protuberance.  This  can  easily 
be  done  by  a  few  lateral  movements  of  tlie  instrument.  Once  witb 
in  the  cranium,  the  instrument  is  passed  obliquely  downward  and  fow 
ward,  80  as  to  cross  an  imaginary  line  drawn  between  the  two  auditof; 
canals,  until  its  point  reaches  the  basikr  process  of  the  occipital  boos 
The  point  then  penetrates  the  medulla  ol>bmgata,  between  the  rootii 
the  auditory  nerves  and  the  pneumogastrics,  and,  by  its  proJ€ 
serves  to  protect  the  nervous  centre  from  njoro  serious  injury  fn 
cutting  edf^e.  The  instrument  is  then  carefully  witlidravm^  and 
operation  h  completed.  This  experiment  is  almost  painless,  and  it  \ 
not  desirable  to  administer  an  amesthetic,  as  this,  in  itself«  would  dil 
turb  the  glycogenic  process.  The  urine  may  be  drawn  before  the  ope^ 
ation,  by  pressing  the  lower  part  of  tbe  abdomen,  taking  care  not  \ 
allow  the  bladder  to  pass  up  above  the  point  of  pressure,  and  it  will  I 
found  tirbid,  alkaline,  and  without  sugar.  In  one  or  two  hours  afta 
the  operation,  the  urine  will  have  become  clear  and  acid,  and  it  will  rva 
readily  with  any  of  the  copper-tests.  When  this  operation  is  perfunue 
without  injuring  the  adjacent  organs,  the  presence  of  sugar  in  tlio  ur 
is  only  temporary,  and  the  next  day  the  secretion  will  have  r«;tura«a 
to  its  normal  condition.  It  is  best,  in  performing  this  experiment,  1 
operate  upon  an  animal  in  ftiU  digestion,  when  the  production  of  sugar  is  at  its  majdmn 
The  production  of  diabetes  in  this  way»  in  animals,  is  exceedingly  interesting  in  ill 
relations  to  certain  cases  of  the  disease  in  the  human  subject,  in  which  the  alfectioo  i*' 


fottrt 
(Beraunl.> 


YARTATIOXS  IN  THE  GLYCOGBNIO  PTTNCTION. 


471 


trsmnatio  and  direct] j  attributable  to  injnry  near  the  medulla.  Its  mechacism  is  dif- 
fieult  to  explaiQt  Tbo  irritntion  is  not  propagated  tbrougb  tbe  pneomogagtric  nerves, 
{or  tlie  ejcperlment  succeeds  after  botb  of  these  nerves  have  been  divided ;  but  the 
iDflneDte  of  the  pQeumogastrtcs  upon  gljcogeDeais  is  ourioua  and  interesting.    If  botb 

'  -'  rvea  be  divided  in  tbe  neck,  in  a  few  hours  or  days,  depending  Uj^on  tbe 

le  that  ibe  animal  survives  the  operation,  no  sugar  is  to  be  found  in  the  liver, 

fti  -<>u  to  believe  that  the  glycogenic  function  bafl  been  arrested.    After  divi- 

■ii s  in  this  situation,  gulvanizutiun  of  their  peripheral  ends  does  not  affect 

I  ||MfodQct)oa  of  sugar;  but,  by  galvanization  of  the  central  ends,  an  impression  is  con* 

i^w  to  tho  nervous  centre,  which  is  rellt'Cted  to  tbe  liver  and  produces  a  hypersecretion 

of  sugar.    These  questions  will  be  referred  to  again,  in  connection  with  the  physiology 

of  like  nervous  system. 


lift.  tli.-AdHtM  «r  tt*  AMif  ^a  rabbH,  gkmcinff  tt«  ttpgraHm  ^  punetuHnQ  Hht  Jfwr  qf  e\8 /Mfih  9*nirta§. 

(Bemnrd.) 
«)MilWBinn :  K  orlpla  of  llie  K)Tnnth  pklr  of  ocrrt^K ;  <'^  »pio«1  Mrd ;  ff,  orijrlti  of  tho  pnomiiQieiuitrlc :  «,  openliifir  of 

ftnm'^—  ■-''f   s    ,„.«^.,,.  .  ■+  r,^t„  ii^^  cnuitiil  cfifltv;/  In^itruiiirDt;  ff,  Ufib  fnitr  nt  iivrvoff  A,  utiditfiry  i^aimh  < 
ttii  I'OD  tlie  ffitnnl  eoru  after  ha\inir  T>oiiutnit4ttl  the  cervbcOum ;  1^  occlpiilat  rcnoua 

•n  iia;  171,  cerebraui;  n,  sc^ttoQ  of  tliu  utliu», 

ViUi  regard  to  the  influence  of  the  sympathetic  system  upon  the  glycogenic  function, 
wre  have  been  few  if  any  experiments  which  lead  to  conclnsiona  of  any  great  value. 

haai  been  observed  Umt  the  inhalation  of  anesthetics  and  irritating  vapors  produces 

iporary  diabetes ;  and  this  has  been  attribnted  to  an  irritation  conveyed  by  the  pneu- 

itrics  to  the  nerve-ccntre,  and  reflected,  in  the  form  of  a  stimulus,  to  the  liver.    It 

for  this  reas4:»n  that  we  should  avoid  tho  administration  of  aniestbetics  in  all  accurate 

wj>erimcnts  on  the  glycogenic  function. 

7^r.— AltJiough  m^nv  h  constantly  produced  by  the  liver  and  taken 
I,  it  is  exceptional  to  find  it  in  the  blood  after  it  has  passed  through 
It  is  diitirnlt  to  ascertain  the  precise  mode  of  its  destruction  in  the  lungs,  and, 
be  nutritive  function  of  sugar  in  tlie  economy  is  not  thoroughly  understood.  All 
^t  we  can  say  of  the  destination  of  liver-sugar  is,  that  it  probably  hao  the  same  office 
io  aturition  as  the  sugar  taken  as  food  and  that  resulting  from  the  digestion  of  amyjaceous 
matters,  Tbe  facts  bearing  tipon  this  question  will  be  reviewed  under  the  head  of  nutri- 
tion. 
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Alleged  Production  of  Fat  hy  the  Liter,—lt  is  stated  by  Bernard  tliat^  ia  taiimi 
largely  with  saccharine  and  amylaceous  principles^  the  blood  of  the  hepatic  veins  coduujis] 
au  emulsive  matter^  which  seema  to  be  fat  combined  with  a  proteine  substance.  In  sup- 
port of  the  opinion  that  fat  is  thus  produced  in  the  liver,  he  brings  forward  the  well- 
known  fact,  that  a  diet  of  starch  and  sugar  is  particularly  favorable  to  the  development  I 
of  adipose  tissue.  But  the  exanii  nation  a  of  tlie  matter  supposed  to  be  fatty  have  not  been 
aufficiently  minute  to  lead  to  any  positive  conclasions  with  regard  to  its  character  or 
composition.  While  there  can  bo  no  doubt  of  the  formation  of  fat  in  the  organigm  ind^ 
pendently  of  the  fat  taken  as  food,  there  is  not  sufficient  ground  for  regarding  the  liver  jta 
one  of  tlie  organs  specially  concerned  in  its  production.  . 

Ch4mgeB  in  the  Albuminoid  and  the  Corpuscular  ^Ument$  of  the  Blood  in  pasting 
through  the  Liter. — In  verlfyiug  tlje  observations  of  Bernard  upon  the  presence  of  §ug:ar 
in  the  blood  of  the  hepatic  veins,  Lehinann  was  led  to  observe  otlier  diflerences  in  tlio 
composition  of  the  blood  from  these  vei^sels,  as  compared  with  the  portal  blood  and  tho 
blood  of  the  arterial  system.  Cue  of  the  most  important  of  these  was  the  absence  of 
coagulating  pruiciples.  While  the  portal  blood  coagulates  strongly,  like  blood  from  any 
aHier  part  of  tlie  body^  the  blood  of  the  hepatic  veins  does  not  coagulate,  and  "  the  fibrin 
js  either  entirely  absent,  or  is  present  in  mere  traces." 

Some  very  curious  observations  were  also  made  by  Lehmann  upon  the  blood-corpuscle* 
in  the  hepatic  vessels.  He  estimated  that  the  proportion  of  white  cori>uscles  in  the  blocnl 
of  the  hepatic  veins  was  at  least  tivefold  the  proportion  in  the  portal  blood,  lie  aliH> 
noted  certain  ditferences  in  the  appearance  of  the  red  corpuscles,  which  ho  explained  by 
the  supposilion  that  the  liver  was  the  seat  of  development  of  these  elements,  which  w#r© 
formed  from  the  white  coi-puscles^  and  that  the  blood  of  the  hepatic  veins  contained  a 
greater  number  of  *'  newly-formed  or  rejuvenescent  blood-corpuscles.'^ 

It  is  not  our  purpose^  in  this  connection,  to  discuss  the  development  of  the  corpuscolar 
elements  of  the  blood ;  hot  it  is  interesting  to  note  the  above-mentioned  changes  in  tba 
blood  as  it  passes  through  the  liver.  The  physiological  significance  of  the  destruction  af 
albaminoids  is  not  understood,  although  the  fact  is  undoubted. 
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TRE  DUCTLESS  OLAKDS 


Probniile  atBce  oTUiu  rliictlL>i«R  glondA—Aniitiiiiiy  of  t\\e  ffilwu— FUjrooi  Btractnre  of  lh€  splf* 
irhbin  h^dlefl^— SplecD'poIp— V*6Bcl8  nnil  otfrFfls  of  the  uplccn— goow  pototi  in  the  clu  r 
tplof^a— State  of  oar  kDovrfodge  coDccrnlni?  tbti  fonctfoDs  of  Uie  tftilMin— Yariatiotis  In  i 
— EJCtlrptttoti  of  thtt  BpU>eD— Anatomy  of  the  sajn-arcmil  taipsulea— Gorttciil  eobsteaco^AtcUiiU^ioy  fulMliUkee 
— VmscIa  mkI  n*ir?f>»— C:bom|cftJ  ix'action^  of  thy  iupmrvnal  ejip§uli>»~S3t«te  of  our  ktiimlMl^  cooeefUlnir 
the  fUncUoni  of  tiui  sapnuvoal  onpsnlo$ — Kxtlrxmtiuii  nt  tho  fupiurcnjal  capsnilcfr— Ad^lstip'n  diiicqiM^— -Aiutaillf 
of  ttiu  Lhftx>ld  ffland—^tatfl  of  oor  knowledge  (jODeumlog  Ibo  funcOutia  ai  Lb«  tliyrold  i^buid^AostQau^r  of  tlh* 
tbymu*— PltuUary  body  ftcd  plneid  gUnd. 

Certain  organs  in  the  body,  with  a  structure  resembling,  in  some  regards,  the  tma 
glands,  but  without  excretory  ducts,  have  long  been  the  subject  of  physiological  apceuia* 
tion;  and  the  most  extravagant  notions  concerning  their  functions  have  prevailed  in  the 
early  history  of  the  science.  The  discovery  of  those  functions  of  the  liver  which  consist  | 
in  modifications  in  the  composition  of  the  blood  [Hissing  tlirough  its  substance  dimly  fore-  < 
shadowed  the  probable  office  of  the  ductless  glands ;  fur,  as  fur  as  the  production  of  sugat 
is  concerned,  the  liver  belongs  to  this  class.  Indeed,  the  supposition  that  the  ductlcs*  | 
hange  In  the 
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retfionsble  of  tho  many  tlieones  that  have  been  entei-tamed  concerning  their  office  In 
Uie  ecoiiouij<  Under  this  idea,  these  orgtina  have  been  called  bkxid-i^Iuuds  or  vamzalar 
gUndA;  bat,  toadmucti  a^  the  Bupposition  that  these  parts  cflVet  chunge!^  in  the  blood 
Of  tjrnipli  is  merely  to  i^ti[»ply  the  want  of  any  definite  idea  of  their  function  and  rests 
maiitly  npon  analogy  with  certain  of  the  functions  of  the  liver,  we  ^hall  retain  the  narao 
daetldto  glands,  as  indicating  the  most  Btriking  of  their  anatomical  peculiarities. 

As  far  OS  presenting  any  definite  and  important  physiological  information  is  concerned, 
w«  ittlght  terriiinate  here  the  hit$tory  of  the  dactless  glands.  It  i»  true  that  the  largcfit 
of  thorn,  th&  spleen,  was  extensively  experimented  upon  by  the  earlier  physiologists; 
Ut^  in  point  of  fact,  investigations  have  done  little  more  than  exliibit  a  want  of  knowl- 
edge of  the  functions  of  these  remarkable  organs;  and  the  literature  of  the  subject  is 
maiuly  a  collection  of  speculations  and  fruitless  experiments.  There  are^  however,  some 
iotereeting  experimental  facts  with  relation  to  the  spleen  and  tho  suprarenal  capsules, 
althotigh  they  ore  not  very  instructive,  except  that  they  indicate  the  eictremely  narrow 
lunitA  of  our  positive  knowledge.  These  few  facts,  with  a  sketch  of  the  anatomy  of  the 
pirts,  will  embrace  all  that  we  shall  have  to  say  concerning  the  ductless  glands.  Under 
tbli  head  are  claased,  the  spleen,  the  suprarenal  capsules,  the  thyroid  gland,  the  thymua, 
Bad  sometimes  the  pituitary  body  and  the  pineal  gland.  These  parts  have  certain 
•natomlcal  points  in  commun  with  each  other,  but,  on  account  of  our  want  of  knowl- 
edge of  their  functions,  it  is  difficult  to  diBtinguish,  as  we  have  done  in  other  organs, 
tb«tr  physiological  anatomy. 

Anatomy  of  Che  Spleen, 

The  Kpleeo  ia  sitGated  in  the  left  hypochondriac  region,  next  the  cardiac  extremity  of 
tlie  fitomach.  Its  color  is  of  a  dark  bhilsh-red,  and  its  consistence  is  rather  ^oft  and  tvi- 
ililv.  U  ia  shaped  somewhat  like  the  tongue  of  a  dog,  presenting  above,  a  rather  thick- 
ened extremity,  which  is  in  relation  with  the  diaphragm,  and  below,  a  pointed  extremity, 
in  relation  with  the  transverse  colon.  Its  external  surface  is  convex,  and  its  internal 
wrfiicis  concave,  presenting  a  vertical  fissure,  the  liilum,  which  gives  passage  to  the  ves- 
k^t*5ind  nerves.  It  is  connected  with  the  stomach  by  the  gas trons picnic  onientnm  and  is 
•111!  tHrth»>r  fi^^ed  by  a  fold  of  the  peritoneum  ]»a9sii)g  to  the  diaphragm.  It  is  about  five 
tiii  lie?  in  length,  three  or  four  inches  in  breadth,  and  a  little  more  thnn  an  inch  in  thick- 
"<-»<  h^  weight  is  between  six  and  seven  ounces,  fn  tho  adult  it  attains  its  maximum 
'jf  'loTelopDient,  and  it  diminishes  slightly  in  size  and  weight  in  old  age.  In  early  life  it 
lK!ar3*ljout  the  aamo  relation  to  the  weight  of  tho  body  as  in  the  adult. 

Tlwj  external  coat  of  the  spleen  ia  the  peritoneum,  which  is  very  closely  adherent  to 
tits  subjacent  fibrous  structure.  The  proper  coat  is  dense  and  resisting ;  but,  in  the 
iittmaa  subject,  it  is  quite  thin  and  somewhat  translucent.  It  is  composed  of  inelastic 
ftbfwis  iisAue,  mixed  with  numerous  small  ^bres  of  elastic  tissue  and  a  few  unstriped  mus- 
<ftl«r  fibres. 

At  die  hiium,  the  fibrous  coat  penetrates  the  substance  of  tho  spleen  in  the  form  of 
«Wthf  fur  the  vessela  and  nerves ;  an  arrangement  analogous  to  the  fibrous  sheath  of 
the  ftaalogous  structures  in  the  liver  The  number  of  tho  sheaths  in  the  spleen  is  equjil 
^>  the  number  of  arteries  that  penetrate  tlie  organ.  This  membrane  is  sometimes  called 
tfietapRule  of  Malpighi.  The  fibrous  sheaths  are  closely  adherent  to  the  suiTonnding 
"ibitance,  but  they  are  united  to  the  vessels  by  a  loose  fibrous  net-work.  Tliey  follow 
ti»»  vcs8»>lft  in  their  ram iti cations  to  the  smallest  branches  and  are  lost  in  the  spleen-pulp. 
^'twiH^n  the  sheath  and  the  outer  coat,  are  numerous  bands,  or  trabecule,  presenting  the 
•«ac  structure  m  the  fibrous  coat.  The  presence  of  elastic  fibres  in  those  structures  can 
^*i  «bily  demonstrated,  and  this  kind  of  ti.'^sue  is  very  abundant  in  tho  herbivora.  In 
tJjM  rArnit'ora  the  muscular  tissue  is  particularly  abundant  and  can  be  readily  demon- 
0  ;  but  in  man  this  is  not  so  easy,  and  the  fibres  arc  less  numerous,  some  anatomists 
'*^ii^mg  the  existence  of  any  muscular  structure.    These  peculiarities  in  the  fibrous  struct- 
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uro  or©  important  in  their  relation  to  certain  pbyBiological  cbonges  in  the  size  of  tli^i 
fl|»1een.     Its  contractility  may  bo  easily  demonstrated  in  the  dog  by  the  aj>plication  of  i  J 
galvanic  current  to  the  nervea  as  they  enter  at  the  liilam*     This  is  folioweii  hy  a  protnptj 
and  energetic  contraction  of  the  organ.     Contractions  may  be  produced,  thongh  thej 
are  much  more  feehle,  by  applying  the  current  directly  to  the  spleen* 

The  substance  of  the  spleen  is  soft  and  friable ;  and  a  portion  of  it^  the  Bpleeo*piilf 
may  be  easily  pressed  out,  or  even  washed  away  by  a  current  of  water.    Aside  from  tbdl 
vessels  and  nerves,  it  presents  for  study:  1.  An  arrangement  of  fibrous  bands,  or  tra-J 
beculit\  by  wliich  it  is  divided  into  innumerable  communicating  cellular  interspaces*     2, 
Clo&ed  vesicles  (^alpighian  bodies),  attached  to  the  walls  of  the  blood-vessels.     3.  A  ftolt, 
reddish  substance,  containing  numerons  cells  and  free  naclei,  called  the  spleen-pulp. 

Fibraui  Structure  of  the  SpUen  {Trabemlat), — From  the  internal  face  of  the  InTestingl 
membrane  of  the  spleen  and  from  the  fibrous  sheath  of  the  vessels  (capsule  of  MalpighiJiyI 
are  numerous  bands,  or  trabeculro,  which,  by  their  interlacement,  divide  the  snbstaii09  j 
of  the  organ  into  irregularly*shaped,  communicating  cavities.    These  bands  are  from  /g-J 
to  tV  of  an  inch  broad,  and  are  composed,  like  the  proper  coat,  of  ordinary  fibrous  iissao'^ 
with  elastic  fibres  and  probably  a  few  smooth  muscular  fibres.    They  pass  off  from  the 
capsule  of  Malpig])i  and  the  fibrous  coat  at  right  angles,  very  soon  branch,  interlace,  iind 
nnit<tj  with  each  other,  becoming  smaller  and  smaller,  until  they  measure  from  yj^  to  ^ 
of  an  inch.     As  w©  should  expect  from  the  very  variable  size  of  the  trabeculm,  the  dimen- 
sions as  well  as  the  form  of  the  cavities  are  exceedingly  irregular.     This  fibrous  net-worit  I 
serves  as  a  skeleton  or  a  support  for  the  softer  and  more  delicate  parts. 


\\ 


Malpifjhian  Uodies, — In  the  very   elabo-  ] 
rate  work  on  the  spleen,  by  Malprghi,  isafult 
account  of  tlio  closed  follicles,  which  hav^ 
since   been    called    the    Malpighinu  bodies. 
They  are  sometimes  called  the  splenic  cor-  j 
pusdea  or  glands.    They  are  in  the  form  of  \ 
rounded  or  slightly  ovoid  curr>n9clea,  about  j 
^if  of  an  inch  in  diameter,  consisting  of  a  deli- 
cate membrane,  generally  homogeneous,  but 
sometimes  faintly  striated,  with  st^niiflnid  con-  \ 
tents.     In   their  form,  size,  and   structor 
they  bear  a  close  resemblance  to  the  clo$c4 
follicles  of  the  small  intestine.    The  inventing 
membrane  has  no  epithelial  lining,  and  the  I 
contents  consist  of  an  albuminoid  liquid,  with  | 
numerous  email,  nucleated  cells  and  a  fev 
free  nuclei.    The  cells  measure  from  x^^  *<*  | 
j-jV?  of  an  inch  in  di:micter.     Both  the  e«flls 
and  the  free  nuclei  of  the  splenic  corpascles 
bear  a  close  resemblance  to  cells  and  nuclei 
found  in  the  spleen-pulp.    The  corpu^oles  iir» 
surrounded    by    blood-vessels,    which    aend 
branches  into  the  interior,  to  form  a  delicate 
capillary  plexus. 
The  number  of  the  Malplghian  corpnscles  in  a  s[)leen  of  ordinary  sixe  has  been  ettl- 
mated  by  Sappey  at  oboat  ten  thoa»and.     They  are  readily  made  out  in  the  ox  md 
sheep  but  are  frequently  not  to  be  discovered  In  the  human  subject.     In  about  forty 
©xaminations,  in  man,  Sappey  found  them  in  only  four;  but  in  these  they  pretientcd  i 
some  characters  as  in  the  ox  and  the  sheep,  and  resisted  decomposition  for  twelve  da 
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iog  that  it  ii  not  necessary  to  have  recourse  to  perfectly  fresh  specimens  to  diaoorer 
thetn  if  they  exist.  Koliiker  notet?  the  luct  that  they  are  often  tibsent  in  the  human  sub- 
ject when  lie&th  has  taken  place  irmu  disease  or  after  long  fihstincneo*  He  believes  that 
they  arc  nearly  always  to  he  found  in  perfectly  healthy  |)ersoug.  The  occiish>nttl  ab^^ence 
0^  Mllefl  oonstitut«3  another  point  of  resemblance  to  the  solitary  glands  of  the 

'  Ian  bodies  to  the  arterial  branches  tiistrihutcd  throiifrhont 

thv  ^  !  I  ^  'cimetiB  in  which  these  corpusclea  are  easily  ninde  out,  if  a 

thin  «?ction  be  made  and  the  5pleeQ-pulp  be  washed  away  by  a  stream  of  watcr^  the  oor- 
puiclea  may  be  seen  attached  in  some  parts  to  the  sides  of  the  vessels,  in  others  lying  in 
the  noteh  formed  by  the  branching  of  a  vessel^  and  in  others  attached  to  an  extremity  of 

^jn^erial  twig,  the  \'essel  then  breaking  up  into  plexases  snrrounding  eacli  oorpttade. 

IHpPKnju;  to  8appey«  the  corpnscles  are  attached  to  arteries  measuring  from  ^  to  ^  of 
Wfeeh  or  less  in  diameter.  When  the  artery  is  enclosed  in  its  fibrous  sheatli,  the  cor- 
pQscies  are  applied  tu  the  sheath^  but^  in  the  smallest  arteries,  tbej  are  attached  to  the 
▼alls  of  the  vessels.  Tlie  attachment  of  the  Halpighian  bodies  to  the  vessels  is  very  firm, 
Aud  they  cannot  be  separated  without  laceration  of  the  membranes. 

^-*^-~  ptftp^^With  regard  to  the  constitution  of  the  splecn-piilp,  there  is  consider- 

b'  \  y  of  opinion.    While  anatomists  and  physiologists  are  pretty  generaUy  agreed 

r  ^be  stmctaro  and  relations  of  the  Malpighian  bodies^  some  minutely  describe 

t  pnlp,  the  existence  of  which  is  denied  by  others  of  equal  anthonty.     The 

[  cr.  contains  the  es?^ential  elements  of  the  spleen,  and  an  accnrato  knowledge 

•':  ructures  contained  in  It  could  hardly  fail  to  throw  some  light  on  its  !\i notion ; 

hut  there  is  s^o  Utile  that  is  definitely  known  of  either  the  anatomy  or  the  physiology  of 

A.  cnlf>en,  that  wo  Khali  ri^frain  from  discussing  the  views  of  different  authors,  referring 

iJer  for  full  information  upon  these  points  to  elaborate  works  upon  genera!  anatomy. 

nip  is  a  dark,  reddish^  semifluid  substance,  its  color  varying  in  intensity  in 

[IS.     It  is  80  soft  tliat  it  may  be  washed  by  a  stream  of  water  from  a  thin 

li.  und  it.  readily  decomposes,  becoming  tlien  nearly  fluid.     It  is  contained  in  the 

-  Knnnded  by  tlie  fibrous  trabecula?,  and  it  contains  itself  numerous  microscopic 

res  arranged  in  the  same  way.    It  surrounds  the  Matpighian  bodies,  contain* 

li  brauches  of  the  blood -veFisels,  and  probably  t)ie  nerves  and  lymphatics. 

scoptcal  examination,  it  presents  numerous  free  nuclei  and  cells  like  those 

...  tji  the  Malpighian  bodies;  but  the  nuclei  are  liere  relatively  much  more  abun* 

In  addition  are  found,  blood-corpuscles  (white  and  red)  some  natural  in  form  and 

Hiore  or  less  altered,  with  pigmentary  granules,  both  free  and  enclosed  in 

ts  hare  attached  a  great  deal  of  importance  to  large  vesicles  enclosing 

owii  supposed  by  some  to  be  blood -corpuscles,  and  by  others  to  be  pigmentary 

TIjc  8tat<?  of  our  knowledge  upon  these  pomts^  however,  is  very  un^atisfflc- 

IflTT,    home  authoritic?i  deny  the  existence  of  the  so-called  blood-corptiscle-containing 

tfUi.   Wo  ehflJl  aVkstain  from  a  discussion  of  these  disputed  questions,  which  are  at  present 

•«f  &  character  purely  anatomical.     All  that  we  can  B,iy  of  the  spleen-pulp  is,  that  »t  con- 

*•■-     ^'     nuclei,  blood-coq)Uscles,  and  pigmentary  granules,  with  a  yellowisJj-red  llnidt 

^  intersected  with  microscopic  traliocnlie  of  fibrous  and  muscular  tissue  and  a 

1-vessels,     It  is  difficult  to  determine  whether  the  blood-cor* 

;hat  have  been  divided  in  making  our  preparations  or  are  re.ally 

pnip ;  or  wiicthor  the  free  nuclei  are  normal  or  come  from  cells  that  have 

ially  rviptnred. 

r<ii#/ff  aruJ  Nerva  of  the  ^dttn, — The  qnantity  of  blood  which  the  spleen  receives 
w  r<Ty  large  In  proportion  to  the  size  of  the  organ.  The  splenic  artery  is  the  Inrg- 
wt  branch  of  the  cceliac  axis.     It  is  a  vessel  of  considerable  length  and  is  remarkable 
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for  its  exoessiTelj  tortaons  course.    lo  a  man  between  forty  and  fiftj  j* 
the  vessel  meesnred  ftbout  five  inches,  without  taking  account  of  ita  defleotioDft;  and  a 
thread  placed  on  the  vessel,  so  as  to  foUow  exactly  all  its  wiudin^  measured  a  litUe  more 
than  eight  inches.     The  large  caliher  of  this  vessel  and  its  tortuous  course  ore  intei^aUllg 
f  oint^  in  connection  with  the  great  variations  in  size  and  situation  which  tlie  spleen 
liable  to  undergo  in  health  and  disease.    The  artery  gives  oft  several  branches  to 
adjacent  viscera  in  its  course,  and,  as  it  passes  to  the  hilunii  it  divides  into  three  or  foti 
branches,  which  again  divide  so  as  to  form  from  six  to  ten  vessels*     These  penetrate 
substance  of  the  spleen,  with  the  veins,  nerves^  and  lymphatics,  enveloped  in  the  libroi 
sheath,  the  capsule  of  Malpighi.     In  the  substance  of  the  spleen,  the  arteries  brantl 
rather  peculiarly,  giving  off  many  small  ramifications  in  their  course,  generally  at  rigiij 
angles  to  the  parent  trunk.    These  are  accompanied  by  the  veins  until  they  are  reduce 
to  from  Vir  ^^  iV  ^^  ^^  ^^^  ^^  diameter.     The  two  classes  of  vessels  then  separate, 
the  arteries  have  attached  to  them  tho  corpuscles  of  Malpighi.    It  is  also  a  noticeabk 
fact  that  the  distinct  trunks  passing  in  at  the  hilum  have  biit  few  inosculations  witli  cac^l 
other  in  the  substance  of  the  spleen,  so  that  the  organ  is  divided  up  into  from  mx  to  tea 
va^ular  compartments. 

The  veins  join  Uie  fine  branches  of  tho  aiteries  in  the  spleen-pulp  and  pa«s  mil  < 
spleen  in  the  same  sheath.    They  anastomose  quite  freely  in  their  larger  as  well 
smaller  branches.    Tlieir  caliber  is  estimated  by  Sappey  as  about  twice  that  of  the  i 
riea.    This  author  regards  the  estimates,  which  have  put  the  caliber  of  the  veins  at  four  4 
five  times  that  of  the  arteries,  as  much  exaggerated.    The  number  of  veins  emei^ 
from  the  spleen  is  equal  to  the  number  of  arteries  of  supply. 

The  lymphatics  of  the  spleen  are  not  numerous.  By  most  anatomists,  two  seta  of 
vessels  have  been  recognized,  the  superficial  and  the  deep;  but  those  who  have  studied 
the  subject  practically  have  found  it  very  diflicult  to  demonstrate  the  supei'ficial  lavcr,_ 
The  deep  lymphatic*  have  been  deraoDstrated  in  the  capsule  of  Malpighi,  attached  to  thi 
veins  and  emerging  with  them  at  the  bllum.  At  the  hilum,  the  deep  vessels  are  joiniHi 
by  a  few  from  the  surlace  of  the  spleen.  The  vessels,  numbering  five  or  six,  then  past] 
into  small  lymphatic  glands  and  empty  into  the  thoracic  duct  opposite  the  eleventh 
twelfth  dorsal  vertebra.  It  was  an  old  idea  that  tho  lymphatics  were  the  excretory  ducti 
of  the  spleen  ;  but  this  is  a  speculation  which  does  not  demand  discussion  at  the  pr 
ent  day. 

The  nerves  of  tho  spleen  are  derived  from  the  solar  plexus*    They  follow  the  vcsselt^ 
in  their  distribution  and  are  enclosed  with  them  in  the  capsule  of  MjJpighi.     They  ar«f 
distributed  ultimately  in  the  spleen-pulp,  but  nothing  definite  is  known  of  their  mode  of 
termination.     We  have  already  referred  to  the  fact  that,  when  these  nerves  are  gal vanL 
the  non-fitriated  muscles  in  the  snt>stance  of  the  spleen  are  tlirown  into  contraction. 


four  ol^l 
aergittgj 


Some  Points  in  tlie  Chemical  Conttitvtwn  qf  tJu  Sphen, — Very  little  has  been  leamiMl 
with  regard  to  the  probable  function  of  the  spleen,  from  the  numerous  chemical  analyses 
that  have  been  made  of  its  substance.  It  will  therefore  be  out  of  place  to  discuss  ita 
chemical  constitution  very  fully,  and  we  shall  only  refer  to  certain  principle*^  the  exist 
ence  of  which,  in  the  spleen-substance,  may  be  considered  as  prettv  well  determine 
In  the  first  place,  cholesterine  has  been  found  to  exist  in  the  spleen  constantly  and  ifl 
considerable  quantity,  and  the  same  may  be  said  of  uric  acid.  Jn  addition,  chemis 
have  extracted  from  the  ftub^tance  of  the  spleen,  byxioxanthlne,  leucine,  ijroiiiM^  aj 
peculiar  crystallizable  substance  called,  by  Scherer,  lienine,  crystals  of  "  .loo 

tic  acid,  acetic  acid,  butyric  acid,  inosite,  amyloid  luatter,  and  some  ih  ^rinH 

ciplea.     It  is  difficult,  however,  to  say  how  far  some  of  these  principlcti  arv  loriued  b| 
the  processes  employed  for  their  extraction  or  are  due  to  morbid  action ;  certainly,  phys 
ologiwtd  liave  thus  far  been  unable  to  connect  them  with  any  definite  views  with  regard  ] 
Ui  the  probable  function  of  the  spleen. 
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StaU  of  onr  KnwtUdge  concerning  the  Fvnttioruk  of  tht  Spleen, — The  spleen  is  iil* 
tnoftt  universal  in  vertebrate  animnU ;  it  is  an  organ  of  considerable  size,  und  is  verjr 
ftbtmtlimtly  supplied  with  vessels  and  nerves;  it  has  a  complex  strnctnre,  nnlike  thnt  of 
iiiij  of  the  true  glands ;  its  tissue  presents  a  variety  of  proximate  principles  ;  but  it  bus 
tio  exoretory  duct,  and  no  opportunity  is  afforded  for  the  study  of  its  secretion,  except 
u  it  may  be  taken  up  by  the  current  of  blood.  It  mnjst  be  admitted,  also,  that,  up  U\ 
the  present  time,  no  definite  physiological  ideas  have  followed  the  elaborate  mior*>scopi- 
e«l  and  chemical  examinations  of  the  spleen.  There  have  been  only  two  methods  of 
Inquiry,  indeed)  which  have  promised  any  such  results  :  Firsts  a  comparison  of  tliu  blood 
and  lymph  going  into  and  coming  from  thy  spleon,  and  an  examination  of  the  variations 
ia  the  volume  of  the  organ  during  life  ;  and  second,  a  study  of  the  phenomena  which  Ibl' 
low  ita  extirpation  in  living  animals.  A  review  of  the  literal  ore  of  the  subject  will  show 
that  we  have  gained  but  little  positive  information  from  either  of  these  metiiods  of  study. 
Ttie  condition  of  the  question  of  the  inlluence  of  the  spleen  upon  the  composition  of 
The  bloo*!  is  well  illustrated  in  the  last  edition  of  Longct's  elaborate  Tvork  upon  physiology. 
This  author  quotes  opinions  of  the  highe^it  authorities,  based  ohie6y  upon  inicroscopicnl 
inrr^tigations,  some  in  favor  of  the  view  that  the  blood -corpuscles  are  destroyed »  and 
i>iberi  arguing  that  they  are  formed  in  the  spleen^  while  he  himself  offers  no  opinion 
q>on  the  subject.  Still,  there  are  certain  established  points  of  ditference  betwcK'n  the 
lilood  of  tlie  s|)leDic  artery  and  of  flie  splenic  vein.  There  can  be  little  doubt  of  the  fact 
tliat  the  blood  coming  from  the  spleen  contains  a  large  excess  of  white  corpuscles ;  hot 
W  Clin  by  no  means  be  considered  as  settled  that  the  function  of  the  spleen  is  to  form 
i -corpuscles.  In  pathology ^  although  great  increase  in  the  leucocytes  of  the 
K^ntly  attends  hypertrophy  of  tlie  spleen,  this  condition  is  also  observed  when 
tb©  spleen  is  perfectly  healthy. 

T'irniuation  in  the  proportion  of  red  corpuscles  in  the  blood  in  passing  through  the 

,  in  a  very  marked  degree,  has  been  noted,  and  this  gives  color  to  the  sup[»oBition 

i    ,L  the  spleen  is  an  organ  for  the  destruction  of  the  hlood-corpuscles ;  but  wo  know 

niuijin«  of  the  importance  or  significance  i>f  this  process,  and  it  is  not  sliovvn  that  the 

v'xist  in  undue  quantity  in  animals  after  the  spleen  has  been  removed.     Wo 

fit?  more  dt^tinite  from  the  fact  that  the  blood  of  the  splenic  vein  seems  to  contain 

isuiii  qtiantity  of  pigmentary  matter.     In  connection  with  the  Tnftrki?d  dirninution 

!  1'    proportion  of  blood-corpuscles,  physiologists  have  observed  a  marked  increase  in 

tklbmninoid  matters  in  the  blood  of  the  splenic  vein. 

Tiie  significance  of  the  facte  just  stated  is  so  little  understocMl,  tlmt  it  would  seem 
hiinlly  n»*cessary  even  to  mention  them,  except  as  an  illustration  of  the  small  amount  of 
definite  information  regarding  the  functions  of  the  spleen  that  has  resulted  from  an 
cutuiitAtion  of  the  blood  coming  from  this  organ.  We  know  nothing  of  any  changes 
ellbctftd  by  the  spleen  in  the  constitution  of  the  lyraph. 


VarintionM  in  the  Volume  pf  the  Spleen, — One  of  the  theories  with  rei^ard  to  the 

fttHction  of  the  spleen,  which  merits  a  certain  amount  of  consideration,  is  that  it  serves 

«  i  (livertictdum  for  the  blood,  when  there  is  a  tendency  to  congestion  of  the  other 

ihduminal  viscera. 

It  has  been  shown  that  the  spleen  is  greatly  enlarged  in  dogs,  f^om  four  to  five  hours 

^  enlargement  is  at  \ts  maximum  at  about  the  fifth  hour,  and  that  it 

to  its  original  size  during  the  succeeding  twelve  hours ;  but  it  is  not 

*  - -'  changes  are  important  or  essential  to  the  proyjer  performance  of  the 

liju:;  n  and  absorption.     Experiments  have  shown  that  animalsj  may  live, 

<ti^Mt,  and  absorb  alimentary  principles  perfectly  well  after  the  spleen  luis  been  re- 

Qia^,  and  this  bad  even  been  observed  in  the  human  subject ;  and,  in  view  of  these  facta, 

it  in  imposaiblis  to  assume  that  the  presence  of  the  »f>leen^  as  a  diverticulum  for  the  blood, 

iieaMfitial  lo  the  proper  action  of  the  other  abdominal  organs. 
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Ertirpatian  of  the  S^hen, — There  is  one  oxperimeDtal  fact  that  has  presented 
in  ojipoiiition  to  nenrly  every  theory  advanced  with  regard  to  the  function  of  the  eplcei 
\^  hich  \i^  ihut  the  organ  may  he  removed  Irozn  a  living  animal^  and  yet  all  the  fund 
vt  life  go  on  apparently  as  hefore.     The  spleen  h  certainly  not  necessary  to  life,  nor, 
fur  as  we  know,  is  it  essential  to  any  of  the  important  general  functions.     It  has 
Ti'movtd  over  and  over  again  from  dogs,  cats,  and  even  from  the  hnman  subject, 
its  absence  is  attended  with  no  constant  and  definite?  changes  in  the  phenooiena 
if  it  act  as  a  diverticulnm,  this  function  is  not  essential  to  the  proper  operati 
the  organs  of  digestion  and  absorption ;  and,  if  its  office  be  the  destruction  or  the  fo: 
tioD  of  the  blood-corpuscles,  the  formation  of  leacocytes,  of  nric  acid,  of  cholesteriue* 
of  any  excrementitious  matter,  there  are  other  organs  which  may  perform  these  fnncUoni 
What  renders  this  question  even  more  obscure  is  the  fact  tliat  we  have  no  knowledge  < 
any  constant  moditications  in  the  size  or  the  ftmctions  of  other  organs  as  a  conseciucw 

removal  of  the  spleen.     This  is  not  surprising,  however,  when  we  reflect  that  oi 
ddney  may  accomplish  the  function  of  urinary  excretion  atler  the  other  has  been  reuiovi? 
and  that  the  single  organ  which  remains  does  not  present  enlargement  of  the  Malphigii 
bodies  and  the  convoluted  tubes. 

There  are  certain  ydicnoraena  that  sometimes  follow  remo\  al  of  the  spleen  fTt»m  tli 
lower  animals,  which  are  curious  and  interesting,  even  if  they  do  not  atford  much  ]>o^ 
tive  information.  Extirpation  of  this  organ  is  an  old  and  a  very  common  e3rperim' 
In  the  works  of  Malpighi,  published  in  1687,  we  liud  an  account  of  an  cx])eHment  oo 
dog,  in  which  the  spleen  was  destroyed,  and  the  operation  was  followed  by  no  serii 
Bsnlts,  Since  then  it  has  been  removed  so  ot^on,  and  the  experiments  have  been 
livcrsally  negative  in  their  results,  that  it  is  hardly  neccssiiry  to  cite  authorities  upon 
subject.  There  are  numerous  instances,  also,  in  which  it  baa  been  in  part  or  entire^ 
removed  from  the  human  subject,  which  it  is  unnecessary  to  refer  to  in  detail ;  but, 
nearly  every  case,  when  there  was  no  diseased  condition  to  complicate  the  ohserTatii 
the  resnits  have  been  the  same  as  in  eaqjeriments  on  the  inferior  animals. 

One  of  the  phenomena  following  extirpation  of  the  spleen,  to  which  we  desire 
call  attention,  is  a  modification  of  the  appetite.  Great  voracity  in  animals  after  remo^ 
of  the  spleen  was  noted  by  the  earlier  experimenters,  and  thi3  formed  the  basis  of  soi 
of  their  extravagant  theories.  Later  experimenters  have  observed  this  change  in  tl» 
appetite  and  have  noted  that  digestion  and  assimilation  do  not  aiipear  to  be  disturbed^ 
tlie  animals  becoming  unusually  fat.  Prof.  Dalton  has  also  observed  that  the  animdj^ 
particularly  dogs,  sometimes  present  a  remarkable  change  in  their  dispoMtion,  becoming 
unnaturally  ferocious  and  aggressive.  TVe  have  frequently  observed  these  phenomciift 
after  removid  of  the  spleen ;  and,  in  the  following  experiment,  performed  in  18G1^  Ih^ 
were  particubirly  marked : 

The  spleen  was  removed  from  a  young  dog  weighing  twenty-two  pounds, 
ordinary  method  ;  viz.,  making  an  incision  into  the  abdimiinal  cavity  in  the  linea 
drawing  out  the  spleen,  and  exsecting  it  after  tying  the  vessids.  Before  the  op< 
the  dog  presented  nothing  unusual,  either  in  his  appetite  or  disposition.  The 
healed  rapidly,  and,  after  recovery  had  taken  place,  the  animal  was  fed  mtidcmtely  one 
a  day.  It  was  noticed,  however,  that  the  appetite  was  excessively  voracious ;  and  Ui 
dog  became  so  irritable  and  ferocious  that  it  was  dangerous  to  approach  him,  and  i 
became  necessary  to  separate  liini  from  the  other  animals  in  the  laboratory.  He  woul 
eat  refuse  from  the  dissecting-room,  the  flesh  of  doga,  faeces,  etc.  On  February  11,  IHC 
about  six  weeks  after  the  operation,  having  been  well  fed  twenty-four  hours  tKffore,  the  dc 
was  brought  before  the  class  at  the  Kew  Orleans  School  of  Medicine,  and  he  ate  a  UttI 
more  than  four  pounds  of  beef- heart,  nearly  one  fifth  of  his  weiglit.  This  he  digest e 
perfectly  well,  and  the  appetite  was  the  same  upon  the  foUowing  day.  Tliis  dog  had 
remarkably  sleek  and  well-nourished  appearance. 

The  above  is  a  striking  example  of  the  change  in  the  appetite  and  dispoeition  of 
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tcxtirpaUon  of  the  epUan ;  but  tlie«e  results  are  by  no  means  invariable.  We 
Imre  ufl^n  rtjuioved  the  spleen  from  dog^  anil  ko{>t  tbo  animals  far  months  without 
oWerriQg  any  tbiug  unusual;  and,  on  the  other  banJ,  we  have  observed  the  cbaut:e  in 
ibpi^Uun  and  the  development  of  an  unnatural  appetite,  in  animals  at^er  removal  of 
one  kidnej.  These  etl'ect^  were  al^^o  very  well  marked  in  an  animal  with  biliary  tistula, 
iKnT  ]\v***i  f>r  tliirty-cight  days.  In  th<tj  latter  insLince,  the  voracity  could  be  explained 
t  '  trbance  in  digestion  and  assimilation   produced  by  shutting  off  the  bile  troui 

1 1  lie;  but  these  phenomena  occurring  after  removal  of  one  kidney,  wMch  ap- 

[^nred  to  have  no  elle<Jt  ujion  the  ordinary  fuDctions,  are  not  so  readily  vrndorstood.  "VVo 
lave  ohfciwrved  both  increase  in  the  appetite  and  the  development  of  extraordinary  ferocity 
aflcr  ttxttrpatit»n  of  one  kidney  almost  invariably,  eince  our  attention  has  been  directed 
10  till*  poitit ;  and^  in  t'he  experiments  of  which  records  were  preserved,  those  etttects 
irrre  very  marked.  In  one^  a  dog  lived  for  nearly  two  years  with  one  kidney  and  was 
finally  killed.  The  appetite  was  voracious  and  depraved.  He  would  eat  dogi**  flesh 
pTf '  rljiv,  In  another,  tleath  took  place  in  convulsion*,  forty-tlireo  days  after  remuval  of 
.  the  animal  having  apparently  recovered  from  the  operation,  7'his  dog  was 
V   ^  ijus,  bad  an  extraordinary  appetite.,  and  would  cat  fajoea,  putrid  dogs*  Hesh,  etc.^ 

mhkh  tlic  otiier  dogsi  in  the  laboratory  w*ould  not  touch.     The  other  dog  entirely  recoT- 
trrod  from  the  operation  of  removing  one  kidney  and  presented  the  same  phenomena. 
In  view  of  the  above  fact^,  it  must  be  admitted  that  r(*moval  of  the  i^pleen  in  the 
lb  and  the  human  sabject  has  thus  far  demonstrated  nothing,  except  that  thb 
e^t'nfial  to  the  proper  performance  of  the  vital  fuuctiouji.     The  voracity 
ilows  the  operation  in  animali*  is  one  of  the  phenomena,  like  the 
if  animals  after  castration,  fur  which  physiologists  &jiU  offer  no  satis- 
factory explanation. 

It  1^  evident  from  the  foregoing  considerations  that,  notwithstanding  the  ^catamoiuit 
♦if  literature  upon  the  anatomy  and  functions  of  the  fi|»K*en,  physiologists  have  no  detinito 
bowledifo  of  any  important  olTice  performed  by  this  organ.  With  this  conclusion,  we 
ja-is  to  a  consideration  of  the  other  ductlcas  glands,  the  physiology  of  which  is,  unfortu- 
nakly,  C4ren  more  unsaUs factory. 

Suprarenal  Capsules, 

TIk'  UHMn«jH  iuia  imw  oeen  advanced  with  regard  to  the  function  of  the  FUpr.arennl 

capsalca  have  not,  as  a  rule,  been  liased  U[>on  anatomical  investigations,  but  liave  taken 

from  pat  I  fitions  and  experiments  upon  living  animals.    This  fact 

"lu  the  phj  rest  attached  to  the  structure  of  these  bodies,  and  wo 

iiiull  consccjuently  treat  of  tlieir  anatomy  very  briefly. 

The  suprarenal  capsules,  as  their  name  itnplies,  are  situated  above  the  kidneys.  They 
m  ittnall,  triangular,  flattened  bodies,  sitoated  behind  the  peritoneum,  and  capping  the 
kUaey^  at  the  anterior  portion  of  their  superior  ends,  Tlie  left  capsule  is  a  little  larger 
thin  the  right,  and  ia  rather  semilunar  in  form,  the  right  being  more  nearly  triangalar. 
"Hieirstto  and  weight  are  very  variable  in  different  individuals.  Of  the  different  esti- 
BUk«  given  by  anatomijjt'a*  we  may  state,  as  an  average,  that  each  ea[»5ule  weighs  about 
wte  hand  red  grains.  They  are  about  an  inch  and  a  half  in  length,  a  little  leaa  in  width, 
uul  n  little  less  than  one-fourth  of  an  inch  in  tliickness. 

The  weight  of  the  capsnlea,  in  proportion  to  that  of  the  kidneys,  presents  great  vari- 
«tiunj  at  different  periods  of  hfe ;  and  they  are  so  much  larger  in  the  fcetus  than  after 
tjirth.  that  witnc  physiologists,  in  the  absence  of  any  reasonable  theory  of  their  function  in 
iht  adult,  have  aasnmed  that  their  office  is  chiefly  imptjrtant  in  intra-uterine  life.  Meckel 
tnUa  that  they  are  easily  distinguished  in  the  fcetus  of  two  months;  at  the  end  of  the 
iWfd  montlu  they  are  a  little  larger  and  heavier  than  the  kidneys;  they  are  equal  in  size 
to  the  kidneys  (Uiough  a  little  lighter)  at  four  months ;  and,  at  the  beginning  of  the  sixth 
oujiith,  ihey  are  to  the  kidneys  as  two  to  ^xe.    In  the  fcetus  at  term,  the  proportion  ia  as 
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one  to  throe,  and  in  the  ftdolt,  as  one  to  twenty-three.  It  wae  asserted  by  some  of  the 
older  writers,  that  the  capsules  are  larger  in  the  negro  than  in  the  wliUe  races^  hut 
Meckel  states  that,  although  he  had  observed  this  in  a  negress^  he  saw  nothing  of  it  in 
dissecting  a  negro.  This  observation  did  not  have  much  signiiicanee  at  that  tioie;  btit 
since  it  has  been  supposed  that  the  aaprarenal  capsules  have  some  function  in  cotmection 
with  the  forniiitioa  of  pig-ment,  authors  have  quoted  it  as  important. 

The  color  of  the  capsules  is  whitish -yellow.  They  are  completely  covered  by  a  thin, 
fibrous  coat,  which  penetrates  their  interior,  in  tbe  form  of  trabecula?.  Upon  section, 
they  present  a  cortical  and  a  medullary  substance.  The  cortex  h  yellowish^  from  .*,  to 
^^  of  an  inch  in  thickness,  surrounding  the  capsule  entirely,  and  constituting  about  two* 
thirds  of  its  substance.  The  medullary  substanco  h  whitish,  \erj  vascular,  and  is 
remarkably  prone  to  decomposition,  so  that  it  is  desirable  to  study  the  anatomy  of  the«e 
bodies  in  specimens  that  are  perfectly  fresh, 

Structure  of  the  Supraraud  Capmdes^ 

Cofticid  Suhitane^.'^T\ie  cortical  substance  is  divided  into  two  layers.  Tlie  external 
is  pale-yellow,  and  is  composed  of  closed  vesicles,  ruurided  or  ovoid  in  form,  containing 
an  albuminoid  fluid,  cells,  nuclei,  and  fatty  globules.  This  layer  is  very  thin.  The  greater 
part  of  the  cortical  substance  is  of  a  reddish-brown  color  and  is  composed  of  closed  tobra. 
On  making  thin  sections  through  tbe  cortical  substance  previously  hardened  in  chromic 
acid  and  rendered  ck^ar  by  means  of  glycerine,  numerous  rows  of  cells  are  seen,  arrangwl 
with  great  regularity,  and  extending,  apparently,  from  the  investing  membrane  to  the 
fnednllary  substance.  On  studying  these  sections  with  a  high  magnifying-power,  it  b 
evident  tbut  tbe  cella  are  enclosed  in  tubes  measuring  from  y^Vir  to  j^j  of  an  inch  in 
diameter.  Tlie  cells  are  granular,  with  a  distinct  nncleos  and  nucleolus,  and  a  Tariahle 
number  of  oil -globules.  They  measure  from  -^^5  to  j^f^  of  an  inch  in  diameter*  Be- 
tween the  tubes  of  the  cortical  substance,  are  bands  of  fibrous  tissue,  connected  with  Ut« 
covering  of  tJie  capsule. 

Medullary  Suhtance, — The  medullary  substance  is  much  paler  and  more  t ran sp.i rent 
than  the  cortex.  In  its  centre  are  numerous  openings,  marking  ihe  passage  of  its  venous 
siBUsea.  It  is  penetrated  in  every  direction  by  excessively  delicate  bandit  of  fibrons  tis- 
sue, which  enclose  blood-vessels,  nerves,  and  numerous  elongated,  closed  vesicles,  contain* 
ing  cells,  nuclei,  and  granular  matter.  These  vesicles,  ^  of  an  inch  long  and  about  j^ 
of  an  inch  broad,  have  been  demonstrated  in  the  ox  and  in  the  human  bubject.  The  c«lJs 
in  the  human  subject  are  from  t^Vv  ^  tAtt  ^^  ^^  ^^^^  *"  diameter.  They  are  isolated 
with  ditficulty  and  are  very  irregular  in  their  f*3rm.  The  nuclei  measure  about  y^j  of 
an  inch.    The  medullary  substance  is  peculiarly  rich  in  vessels  and  nerves. 

Vei$eh  aihd  iVVrr*-^.— The  blood-vessels  going  to  the  suprarenal  capsules  are  very 
Qumerons  and  are  derived  from  the  aorta,  the  phrenic  artery,  the  cosliac  axis,  and  tho  renal 
artery-  Sometimes  as  many  as  twenty  distinct  vessels  penetrate  each  capsule.  In  tho 
cortical  substance,  tbe  capillaries  are  arranged  in  ehjngated  meshes,  anastomowng  freely, 
and  surrounding  the  tubes,  but  never  penetrating  them*  In  tbe  medullary  substances,  th* 
meshes  are  more  rounded,  and  here  the  vessels  fonn  a  very  rich  copillary  plexus.  Two 
large  veins  pass  out,  to  erai>ty,  on  the  right  side,  into  the  vena  cava,  and  on  tho  Ittit, 
into  the  renal  vein.  Other  smaller  veins  empty  into  the  vena  cava,  the  renal,  and  ibe 
phrenic  veins. 

The  nerves  are  very  numerous  and  are  derived  from  the  semilunar  ganglia,  the  reniil 
plexus,  the  pneumogastric,  and  the  phrenic.  Kolliker  mentioDs  that  he  has  eotmted,  in 
the  human  subject,  thirty-three  nervous  trunks  entering  the  right  suprarenal  capsule* 
The  nerves  probably  pass  directly  to  the  medullary  substjince,  but  here  their  mode  of  dta- 
tribation  is  unknown.  In  the  medullary  matter,  however,  are  two  ganglia,  characterized 
by  nerve-cells  of  the  ordinary  Ibnn,  and  sitnated  close  to  the  central  vein. 
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Nothing  whatever  is  known  uf  the  lyttiphatics  of  tbe  suprarenal  cupsales,  and  tbe 
oxiiiU'Qce  of  these  vessels,  even^  h  doubtful. 

Chemical  Beactwni  of  the  Suprarenal  Oapmlei.—A  few  years  ago,  M.  Vulpian 
wtfscoTered  in  tbe  medullary  portion  of  tbo  suprarenal  capsules  a  pecaUar  snb^tancef 
aokblein  water  and  m  alcohol,  which  gave  a  greenish  reaction  with  the  salts  of  iron  and 
a  peculiar  rose-tint  on  the  addition  of  iodine.  Fie  <:ould  not  dLtermiue  the  same  reaction 
with  extracts  from  any  other  ports.  Later^  in  conjunction  with  M.  Cloez,  he  dL:*cuvvred 
hippuric  and  taurocholic  acid  in  the  capsules  of  some  of  the  berbivora.    Other  researches 

fhave  been  made  into  the  chemistry  of  these  bodies,  but  without  results  of  any  great  physi- 
ological importance. 


I 


Siixte  of  onr  Knowledge  concerning  the   I^mctions  of  the   Suprarenal 

Capsuhs^ 

In  1855,  the  late  Dr.  Addison,  of  Guy's  Hospital,  published  a  remarkable  memoir  upon 
a  peculiar  disease  which  he  had  found  connected  with  disorganization  of  the  suprarenal 
capsules.  This  disease,  sometimes  called  Addison's  disease,  is  characterized  by  bronzing 
of  the  skin  and  is  accompanied  by  serious  disorders  in  nutrition,  it  was  supposed  to  b« 
lETariftbly  fatal.  The  peculiar  discoloration  of  the  surface,  attended  with  disorganization 
of  tbe  suprarenal  capsules,  led  physiologists  to  suppose  that,  perhaps,  these  bodies  bad 
some  function  connected  with  the  formation  of  pigment ;  and,  following  the  publication 
of  Dr.  Addison^s  memoir,  we  find  quite  a  number  of  experiments  upon  animals,  consisting 
chieliy  in  extirpation  of  the  capsules.  Before  this  time,  there  had  been  no  reasonable 
theory^  even,  of  the  probable  function  of  these  bodies.  As  our  first  ideas  of  the  rela- 
tiozis  of  the  suprarenal  capsules  to  the  formation  of  pigment  were  derived  from  cases  of 
disease,  it  may  not  be  out  of  place  to  consider  briotly  whether  tliere  be  any  invariable 
and  positive  connection  between  structural  change  in  these  organs  and  the  affection 
known  under  the  name  of  bronzed  skin. 

In  the  memoir  by  Dr.  Addisun,  are  reported  eleven  cases  of  amtiuia,  accompanied 
with  bronzing  of  the  skin,  terminating  fatally,  and  found,  after  death,  to  be  attended 
with  exteusive  disorgauization  of  the  suprarenal  capsules.  The  reports  of  these  cases 
attracted  a  great  deal  of  attention  among  physirdogists  as  well  as  pathologists.  A  year 
'liter.  Prof.  I.  E.  Taylor,  of  Bellevne  lIoBpital,  reported  seven  coses  of  bronzed  skin,  in 
two  of  which  the  diagnosis  of  disease  of  the  suprarenal  cap.^ules  was  verified  by  post- 
mortem examination.  Attention  now  being  directed  to  this  peculiar  condition  of  the 
system,  accompanied  with  discoloration  of  tlio  skin,  numerous  cases  were  reported  from 
time  to  time,  but  some  of  them  did  not  t^illy  carry  out  the  views  of  I»r.  Addison.  Per- 
haps the  most  extensive  collection  of  cases  taken  from  a  great  numbt^r  of  authorities  is 
given  by  Dr,  Greenhow,  in  his  work  upon  Addison's  disease.  Dr.  Greenh(*w  is  appar- 
ently convinced  that  the  connection  between  the  constitutional  symptoms  and  discolora- 
tion of  the  skin^  described  by  Addis^on,  and  disorganization  of  tlie  suprarenal  capsules  ia 
well  established.  He  reports  one  hnndrud  and  ninety-six  cases ;  and,  out  of  these,  be 
selects  one  hundred  and  twenty-eight,  as  fair  representatives  of  Addison's  disease.  There 
are  several  cases  (ten)  in  wliich  there  was  bronzing  of  the  skin,  the  suprarenal  capsules 
being  perfectly  healthy ;  but  in  only  one  of  these  were  there  any  of  the  characteristic 
constitutional  symjitoms.  There  are  twenty-two  cases  cited  of  cancer  of  the  suprarenal 
capsules,  not  one  of  which  presented  the  characteristic  constitutional  symptoms,  only 
►vea  presenting  some  slight  discoloration  of  the  skin.     Without  discussing  this  subject 

re  fully,  it  seems  justifiable  to  ad^ppt  the  o[»inion,  entertained  by  many  pathologiatB, 
'hat  there  is  a  connection  between  bn  >nzed  skin  acct»mpanied  with  certain  grave  consti- 
tutional symptoms,  and  disorganization  of  the  suprarenal  capsnles,  which  is  frequent  but 
not  invariable ;  but  it  ia  not  established  that  the  destruction  of  the  capsules  stands  in  a 
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caus^ative  relation  to  the  discoloration  or  to  the  constitutional  disturbance.  It  is  more 
intorestiog  to  us,  however,  to  know  that  the  invesitigatioas  into  tbes^  diseased  conditions 
have  developed  little  or  nothing  of  importance  conceraiog'  the  phj^siolugy  of  ihe  supra- 
rcDol  capsoled.  | 

Extirpation  of  the  Suprarenal  Cap%uUt. — There  are  two  important  tjuestions  to  be 
settled  bj  the  removal  of  the  suprarenal  capsules  from  living  animals.  The  first  is, 
wht^ther  or  not  these  organs  are  essential  to  life ;  and  the  second,  to  determine  the  con- 
sequences of  their  removal,  as  exhibited  in  modifications  of  the  animal  functions. 

Are  the  suprarenal  capiiules  essential  to  life  ?  This  qneation  can  be  answered  in  a  very 
few  words.  Dr.  Brown-Sequard,  in  Lis  first  ex]:>eriment8,  removed  sometimea  one  and 
somettrue&hoth  capsules  in  rabbitB,  Guinea-pigs,  dogs,  and  cats,  and  the  animals  died  in 
the  court?e  of  two  or  three  days*  lie  also  noted  several  peculiar  results,  such  as  turning, 
and  contraction  of  the  pupil,  when  one  capsule  had  been  e.xtirpated,  and  the  development 
of  peculiar  crystals  in  the  blood.  M,  Gratiolet  repeated  tliese  experiments  and  ascertained 
that  the  lefl  capsule  could  be  removed  with  impunity,  while  extirpation  of  the  right  was 
always  fatah  M.  Fhilipeaux  oddcnl  a  number  of  observations,  experimenting  chiefly  upon 
rats  aud  taking  great  care  to  disturb  the  adjacent  organs  as  little  as  po:*sible.  As  the  result 
of  these  experiments,  he  concluded  tliat  the  capsules  are  nut  essential  to  life.  Of  four  rata 
operated  upon  in  this  way,  three  died,  as  Fhilipeaux  supposed,  of  cold,  the  first  in  nine 
days,  the  second  in  twenty-tliree  days,  and  the  third  in  thirty-four  days.  One  was  alive 
and  well  when  the  report  was  made,  although  the  capsules  had  been  removed  for  forty- 
nine  days.  In  such  a  question  as  this,  negative  experiments  are  of  little  account;  and  the 
instances  in  which  animals  have  recovered  and  Uved  perfectly  well  after  removal  of  both 
suprarenal  capsules  show  conclusively  that  they  are  not  essential  to  life.  Death  has  prob- 
ably teen  due,  in  most  of  the  experiments,  to  injury  of  the  semilunar  ganglia,  and  it  is 
probably  on  account  of  the  grenter  injury,  from  the  situation  of  the  capsule,  produced 
by  operating  on  the  right  side,  tlmt  the  removal  of  the  capsule  of  that  side  has  been  more 
generally  fatal.  It  is  not  necessary  to  take  account,  in  this  connection,  of  the  contraction 
of  the  pupil,  **  turning"  and  other  symptoms  referable  to  the  nervous  system,  which  have 
sometimes  followed  these  operations.  These  phenomena  are  undoubtedly  due  to  iiyury 
of  adjacent  parts^  and  not  to  extirpation  of  the  capsules.  The  only  remaining  question  to 
determine  is  whether  the  capsules  have  any  thing  to  do  with  the  formation  or  change  of 
pigment.  Notwithstanding  the  assertion  of  \.h\  Brown-!S6quard,  that  flakes  of  pigment 
and  blood -crystals  differing  from  those  developed  in  normal  bloud  are  found  in  animals 
deprived  of  the  suprarenal  capsules,  this  view  is  adopted  by  a  few  physiological  authori- 
ties. In  view  of  these  facts,  and  in  the  a1>8ence  of  comparative  examinations  of  the  blood 
going  to  the  suprarenal  capsules  by  the  arteries  and  returned  from  them  by  the  veins,  it 
is  impossible  to  assign  any  definite  function  to  these  bmlics,  and  it  is  certain  that  they 
are  not  essential  to  life.  Their  greater  relative  size  before  birth  has  led  to  the  suf^posi- 
tion  that  they  migiit  hav^o  an  important  othce  iu  intra-uteriuc  life,  but  this  is  a  pure 
hypothesis,  based  upon  no  positive  knowledge. 
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T7it/roid  GlaruL 

The  history  of  this  ghind  belongs  almost  exclusively  to  descriptive  anatomy,  and  its 
only  phyaiological  interest  is  in  the  simUarity  of  its  structure  to  that  of  the  other  ductless 
glands.  It  has  no  excretory  duct.  It  is  attached  to  the  lower  part  of  the  laryni.  follow- 
ing It  in  its  various  movements.  Its  color  is  brownish-red.  The  anterior  tace  t^  convex 
and  is  covered  by  certain  of  the  muscles  of  the  neek.  The  posterior  surface  is  concave 
and  is  applied  to  the  larynx  and  trachea.  It  is  formed  of  two  lateral  lobes,  with  a 
rounded,  thickened  base  below,  and  a  long,  pointed  extremity  extending  upward,  con- 
nected by  an  isthmus.  Each  of  these  lobes  is  about  two  inches  in  length,  three-quarters 
of  an  inch  in  breadth,  and  about  the  same  in  thickness  at  its  thiokeat  portion.    The  istb- 
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KoLhJng  whatever  is  kno\m  of  the  lymphaticg  of  the  auprnrcnal  capsules^  and  the 
exi»tt<fiee  of  iln^m  ves8t?l»,  eveD«  is  doubtfuh 

Ckimical  Eeaeti&n$  of  the  Suprarenal  Cap9uU§, — A  few  years  ngo,  M.  Vulpian 
iu  the  medullary  portion  of  tho  suprarenal  capsules  a  peculiar  substunco, 
w liter  and  in  alcohol,  which  gave  a  grtjenish  reaction  with  the  salts  of  iron  and 
1  (teculioi'  roae-litit  on  the  addition  of  io<line.  He  could  not  determine  tho  same  reaction 
whh  extracts  from  any  other  parts.  Later,  in  conjunction  with  M.  Cloez,  he  dbcovered 
bippuHc  mid  taurocholic  acid  in  the  capsules  of  some  of  the  herbivore.  Other  researches 
Latc  been  mndd  into  the  chemistry  of  these  bodies,  but  without  rcsult^^  of  any  great  physi- 
^ogieal  impoftaDce. 

tSta4€   y^j   rtur    /i'       /    ''/     •■<:■•>■■  <^:ihHj  the    Functions  of  the   Suprarenal 

In  1S55«  the  lat«  Dr.  Addison^  of  Guy^s  Uospitalf  publiahed  a  remarkable  memoir  apon 

i peculiar  diaeoae  which  he  had  found  connected  with  disorganization  of  the  suprarenal 

eipstiles.    This  disease,  sometimes  culled  Addi^on^s  disease,  ia  characterized  by  bronziug 

of  the  akin  and  is  accompanied  by  serious  disorders  in  nutrition*     It  was  snppoi*ed  to  bo 

bviiriablv  fataL     The  peculiar  discoloration  of  the  surface,  attended  with  disorganization 

of  the  duprareual  capsules,  led  physiologists  to  Buppose  that-,  perhaps,  these  bodies  had 

ftvme  function  connected  with  the  formation  of  pigment ;  and,  following  the  publication 

of  Dr.  Addiaon'i  memoir,  we  find  quite  a  number  uf  experiments  upon  animals,  consisting 

chititly  in  extirpation  of  the  capnulea.     Before  this  time,  there  had  been  no  reasonable 

ibeory,  even,  of  the  probable  function  of  these  bodies.     As  our  first  ideas  of  the  rel*- 

tiofw  of  the  suprarenal  capsules  to  the  formation  of  pigment  were  derived  from  cases  of 

4ii^wc,  it  may  not  be  out  of  place  to  Ci>ni»ider  brietly  whether  there  bo  any  invariablo 

sitive  connection  between  structural  change  in  these  organs  and  the  affeotion 

•  ij  under  the  name  of  bronzed  skin. 

Id  the  memoir  by  1>t*  Addison,  are  reported  eleven  eajses  of  antemia,  accompanied 

Willi  bronzing  of  tJie  skin,  terroinatiDg  fatally,  and  Ibund,  after  death,  to  be  attended 

vitb  exten^iive  disorganization  of  tbc  suprarenal  capsules.     The  reports  of  these  oases 

ftttrftctinl  a  great  deal  of  attention  among  physiologists  as  well  as  pathologists.    A  year 

liter,  Prof.  L  E.  Taylor,  of  Belle vue  Hospital,  reported  seven  eases  of  bronsied  skin,  in 

iW'jtif  which  tho  diagnoi?is  of  disease  of  tho  suprarenal  capsules  was  verified  by  post- 

norf^tn  examination.     Attention  now  being  directed  to  this  peculiar  condition  of  the 

accH-impanied  with  dii*coloration  of  tho  skin,  numerous  cases  were  reported  from 

time,  but  some  of  them  did  not  fully  carry  out  the  views  of  Dr.  Addis^ju.     Per- 

^»f*»  the  most  extensive  collection  of  cases  taken  from  a  great  number  of  authorities  is 

■  "  t»r  Dr.  Grcenh.iw,  in  his  work  upon  Addison's  disease.    Dr.  Greenhow  ia  appar- 

•uvinced  Uiat  the  connection  between  the  constitutional  symptoms  and  discolnra- 

-kln,  described  by  Addison,  and  disorganization  of  the  suprarenal  capsules  ia 

!>ed.     He  reports  one  hundred  and  ninety-six  cases ;  and,  out  of  these,  he 

'•d  and  twenty-eight,  as  fair  representatives  of  Addison's  disease.    There 

I  ten)  in  which  there  was  bronzing  of  the  skin,  the  suprarenal  capsules 

tiy  bealtby;  but  in  only  one  of  these  Avere  there  any  of  the  charact4?ristic 

...  .,..i^l  symptoms.     There  are  twenty-two  cases  cited  of  cancer  of  the  suprarenal 

'■^cSy  not  ono  of  which  presented  the  characteristic  constitutional  symptoms,  only 

*^""*  |TraM<iting  some  slight  discoloration  of  the  skin.     Without  discussing  this  subject 

!  illy*  It  906mB  justifiable  to  adopt  the  opinion,  entertained  by  many  pathologist*!, 

'  re  b  a  coimection  between  bronzed  skin  accompanied  vrith  certain  grave  consti- 

*1  tymptoms,  and  disorganization  of  the  suprarenal  capsules,  which  is  frequent  but 

M  Uivariable ;  but  it  Is  not  established  that  the  destraction  of  the  capsulee  stands  in  a 
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causative  relation  t^  the  discoloration  or  to  the  conrtitutional  disturbance.  It  U  more 
IntcrestiDg  to  us,  however,  to  know  that  the  inve&tigatione  into  the&e  dideased  conditioot 
have  developed  little  or  nothing  of  importance  concerning  the  physiology  of  the  stipra* 
renal  capBoles, 

Ettirpati&n  of  the  Suprarenal  Captules. — There  are  two  important  ijuestions  to  W] 
settled  by  the  removal  of  the  saprarenal  capsules  from  living  aninjals.    The  first  1%] 
whether  or  not  these  organs  are  essential  to  life ;  and  the  second,  to  detemiine  the  con 
eeqaenccB  of  their  removal,  as  exhibited  in  modificotiouB  of  the  animal  functions* 

Are  the  suprarenal  capsiules  essential  to  life  ?    This  question  can  he  answered  in  a  vei^ 
few  words.    Dr.  Brown-S6quard,  in  his  first  eiy^eriments,  removed  sometimes  one 
sometime*  both  capsules  in  rabbits,  Guinea-pigs,  dogs,  and  cats,  and  the  animals  died  i 
tlie  course  of  two  or  three  days.     He  also  noted  several  peculiar  results,  such  as  turning 
and  coDtraction  of  the  pupil,  when  one  capsule  had  been  extirpated,  and  the  devdopme 
of  peculiar  crystals  in  the  blood.    M.  Gratiolet  rejjcated  thes«  ejcperiments  and  ascertains 
that  the  left  eapeule  could  be  removed  with  impunity,  while  extirpation  of  the  right  w« 
always  fatal.     M.  Philipeaux  addi?d  a  ntmiber  of  obst^rvations,  experimenting  chiefly  uj 
rats  and  taking  great  care  to  disturb  the  a(\iacent  organs  as  little  as  possible.    As  the  r^nlt 
of  these  experiments,  he  concluded  that  the  cnpsules  are  not  essential  to  life.    Of  four  rtta 
operated  upon  in  this  way,  three  died,  as  Philipoanx  supposed,  of  cold,  the  first  in  nin^ 
days,  the  second  in  twenty -three  days,  and  the  third  in  thirty-four  days.     One  was  aliv 
and  well  when  the  report  was  made,  although  the  capsules  had  been  removed  for  fort;^ 
nine  days.    In  sucb  a  question  as  this,  negative  experiments  are  of  little  account ;  and  i 
instances  in  w^hich  animals  have  recovered  and  Eved  perfectly  well  after  removal  of  boll 
suprarenal  capsules  show  conclusively  that  they  are  not  essential  to  life.    Death  has  prob 
ably  l>een  due,  in  most  of  the  ex^ieriments,  to  iiyury  of  the  semilunar  ganglia,  and  it 
probably  on  account  of  tlje  greater  injury,  from  the  pituation  of  the  capsule,  produce 
by  operating  on  tbe  right  side,  that  the  removal  of  the  capsule  of  that  side  has  been  mofl 
generally  fatal.    !t  is  not  necessary  to  take  account,  in  this  connection,  of  the  eontractiolj 
of  the  pupil,  **  turning '^  and  otlier  symptoms  referable  to  the  nervous  system,  whicli  hart 
sometimes  foUowcd  tliese  operations.    These  f>henomena  are  undoubtedly  due  to  ii^jui; 
of  adjacent  parts,  and  not  to  extirpation  of  the  cupsules.    The  only  remaining  question  \ 
determine  is  whether  iha  capsules  have  any  thing  to  do  with  the  formation  or  change  \ 
pigment.     KotwithManding  the  assertion  of  Dr.  Brown-S6quard,  that  flakes  of  pigmen 
and  blood-crystals  differing  from  those  developed  in  normal  blood  are  found  in  anu 
deprived  of  the  suprarenal  capsules,  this  view  is  adopted  by  a  few  physiological  \ 
ties.    In  view  of  these  facts,  and  in  the  absence  of  comparative  examinations  of  thel 
going  to  the  suprarenal  capsules  by  the  arteries  and  returned  from  them  by  the  reins,  it 
is  impossible  to  assign  any  definite  function  to  those  bodies,  and  it  is  certain  that  thej 
are  not  essential  to  life.    Their  greater  relative  size  before  birth  lias  led  to  the  suppo>»i-  1 
tion  that  they  might  have  an  important  otfice  in  intra-uterme  life,  bat  this  is  a  purtJ 
hypothesis,  based  upon  no  positive  knowledge. 


Tliyroid  Gland. 

The  history  of  this  gland  belongs  almost  exclusively  to  descriptive  anatomy,  «nd  iti 
only  physiological  interest  is  in  the  similarity  of  its  structure  to  that  of  the  othc: 
glands.     It  hns  no  excretory  duet.     It  is  attached  to  the  lower  part  of  the  larj  i 
ing  it  in  its  various  movements.     Its  color  is  brownish-red.     The  anterior  face  is  conrei 
and  is  covered  by  certain  of  the  muscles  of  the  neck.    The  posterior  surface  is  ooocart 
and  is  applied  to  the  larynx  and  trachea.    It  is  formed  of  two  lateral  lohes^  wiUi 
rounded,  thickened  base  below,  and  a  long,  pointed  extremity  extending  upward,  con-1 
nccted  by  an  isthmns.     Each  of  tljese  lobes  is  about  two  inches  in  length,  threc-quart^ftj 
of  an  inch  in  breadth,  and  about  the  same  in  thickness  at  its  thickest  portion.    Tho  isthH 
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tho  lower  portion  of  the  lateral  lobes.     It  covers  the  second  iind  third 

liMlff  about  half  an  inch  wide  and  one-third  of  an  inch  thick.    From  the 

tttk  of  the  Isthmns^  and  50tiietia)e«  from  the  left  lobe,  is  a  portion  projectisf^  upward, 

fiiUe^the  pjrsmid.    The  weight  of  the  thyroid  gland,  accordiDg  to  Sappey,  is  froDi  tljrew 

]  and  fllftj  to  three  hundred  and  eighty  grnlns.     It  is  usually  stated  by  nnfitornical 

that  it  19  relatively  Islt^vt  in  the  fa^tas  and  in  early  life  than  in  the  adult;  but 

fr»-im  hU  own  researches,  is  disposed  to  believe  that  ita  weight,  in  proportion  to 

"  *^        'I  cent  org:anB,  does  not  vary  with  age.    It  is  a  little  larger  and  inor<» 

lie  than  in  the  malo, 

S^ru^mrfiftfth^  Thyroid  Glaml^ — The  thyroid  gland  is  covered  with  a  thin  but  resistiug 
^f  -tissue^  which  ia  loosely  connected  with  tlie  surrounding  partii.  From 

tf)  I  this  membrane,  are  numerous  fibrous  bands,  or  trabecuKs  giving 

01^  as  they  pass  through  the  gland,  secondary  trabecular,  and  then  subdividing  until  they 
tucome  of  microseopio  size.  By  this  arrangement,  the  gland  is  divided  up  into  commnni- 
cstinf  cells,  like  a  s{>onge.  These  bands  are  mingled  with  numerous  small  elastic  fibres* 
TbrtinghoQt  the  substance  of  the  gland,  lodged  in  the  meshes  of  the  trabecnloj,  are  numer- 
fW  n^unded  or  ovoid  closed  veaidos,  measuring  from  ^^^^  to  ^  of  an  inch.  These  are 
lUiatd  of  a  structureless  memljrane,  and  they  are  lined  by  a  single  layer  of  pale,  granular, 
IBninM  cells,  from  ^Vij  ^^  roW  <^*  ^^  '^*^^i  ^^  dljuneter.  The  hiyer  of  cells  sometime** 
tb»  vesicle  oompk'tely,  sometimes  it  is  iueomijletc,  and  sometimes  it  is  wanting. 
icoiltanta  of  the  vesicles  are  a  clear,  yellowish,  alightly  viscid,  albuminoid  fluids  witk 
a  few  granules,  pale  ceils,  and  nuclei.  Ftobin  has  described  in  these  vesicles  curiously- 
jd.  translucent,  feebly-refracting,  colorless  bodies  which  he  has  called  sympexions; 
there  is  little  known  of  their  constitution  or  properties.  The  vesicles  ore  arranged 
ll'  lotions  or  lobes,  with  the  great  veins  passing  between  them. 

d  ytrtei, — The  blood-vessels  of  the  thyroid  gland  are  very  numerous,  this 
fftpiik  I  Hed  by  the  superior  and  iuferior  thyroid  arteries  and  sometimes  by  a 

brwi<»b  -  jminata.     The  arteries  break  up  into  a  close  capillary  plexus,  surround- 

ing the  vesicles  with  ft  nob  net-work,  but  never  penetrating  their  interior.  The  veins 
are  large,  and,  like  ttie  hepatic  veins,  they  are  so  closely  adherent  to  the  surrounding 
tiifKfl  tliat  they  do  not  ooUapse  when  cut  across.  The  veins  emerging  from  the  gland 
hma  i  plexns  over  its  surface  and  the  surface  of  the  trachea,  and  they  then  go  to  form 
thi  (Bttperior,  middle,  and  inferior  thyroid  veins.  The  nerves  are  derived  from  tlic  pneu- 
iTi"  N>  cervical  sympathetic  ganglia.     The  lymphatics  arc  numerous  but  are 

di;;  The  exact  distribution  of  the  nerves  and  the  origin  of  the  lymphatics 

knot  wdi  Qodentood* 

\tr  K'n^>ifMgr  emiesrning  (hi  Funetlom  of  the  Thyroid  G^nn/L — It  is  gen- 
•rx,^  „  ,  .  ted  that  the  thyroid  glanfl  may  be  removed  from  animals  without  interfering 
irith  tmj  of  the  viiaX  functions;  and  this,  taken  in  connection  with  the  fact  that  it  is  so 
often  di*^aa«d  in  the  human  subject  without  producing  any  general  disturbance,  shows 
dfll  its  fitnction  cannot  be  very  important.  Nothing  of  importance  has  been  learned 
from  %  chemical  analysis  of  its  substance.  The  blood  of  the  thyroid  veins  has  been  ana- 
IismI,  hint  the  changes  in  its  composition  in  passing  through  the  gland  are  slight  and 
An  instance  is  quoted  by  Longet  of  periodical  enlargement  of  the  gland  in  a 
idating  menstruation,  but  there  is  no  evidence  that  this  is  of  constant  occurrence. 
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I1>0  aTi-jt^m*'  of  the  thjTnns  nsRimihdes  it  to  the  ductless  glands,  but  its  function, 
lie,  is  conllned  to  early  life.     In  the  adult  the  organ  is  wanting,  traces, 
:  I -sue,  with  a  little  fat,  existing  after  puberty  in  the  situation  previously 

i  bf  ibis  glaniU    As  there  never  has  been  a  plausible  theory,  even,  of  the  fono- 


It  is  difficult  to  classify  organs,  of  the  fuiiction  of  which  we  are  entirelj 
the  strnctiire  of  the  little  bodies  just  described  certainly  resemblee  that  of  the  duclkv 
glands.     We  have  indicated  their  anatotnj  merely  to  show  that  their  function  is  prob&bly. 
imalogouB  to  that  of  other  organs  of  the  same  class. 
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NUTRITTON^ANmAL  BSAT, 

llAtiirei)f  the  fbreei  tnvolved  In  natritton— Deflnitloii  of  rltsl  iwopeTtiM--Iil^  fti  rojveieated  la  dercjapswil 
oatxftloii — PrlDdplos  whkli  paM  thixragrh  the  orgnnliiii — Piiii«i|ilefi  ooDBiuiifd  in  the  angrmnificn— DttTel>o|iiiMait 
power  uid  endnnneo  I17  exerdse  {;tnlnLng>^ForttuiSloii  and  depodtioi)  of  tet— Conditkitu  tmde]-  which  jSit  rj 
Id  the  or;e«ni»Ei]— PbyiiQbgteil  uuitoroy  of  adtpase  tiMne— OinditSoM  whleL  inilu4>no}  nutiitloti— ProtliM^ 
dlflnaitmiliitltTn  -  ^nlmtil  best — LimJU  ot  rada^Kn  In  tlic*  oormd  tcmpormiure  in  man— VariAdoofl  wilh 
tempemture — YaiiAtiotiA  In  diilerent  itvU  of  tb^  tiHlj— VorlAtionA  tX  detent  periods  of  tile — DluitLBl  varlatkiial 
— ^Belitkilia  of  animal  heat  to  digeatloti^Inllaciuoe  of  dcfecUra  tiutiitlon  ud  humltloD — InfliMom  of  £S«f(iMk 
menlil  cserdon^  and  fhn  nerroua  ayatem,  upoti  tlie  beat  of  the  body-^ourcea  iif  mjiiul  haat  (^^fmiiftllfiti  af  Hm 
pndnethiQ  of  lie^t  with  satHtloD— deat  of  the  prodiicyoD  of  aalziial  beat^Bektiaiii  of  aohnai  haai  to  the  ilMlhiim 
proeeaaei  of  xiutritSoa^fialatiaiia  of  animal  heat  lo  napiratkui— Exagg«ratioQ  of  the  animal  tetnp«nitun  in  p«r> 
tloukr  partA  after  dlrtakm  of  thci  if  inpaChetk  nonrt  and  lu  iQilaiiUDailoii-'Iatimata  nature  of  Cba  raJfirtftc  pco^ 
oeaaet— Equallaatlon  of  the  aolmal  temperature. 
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NuTRmoN  proper^  in  tLe  light  in  which  we  propose  to  consider  it  in  this  ch 
IB  the  process  by  which  the  physiological  decay  of  the  tissues  and  duids  of  the  body 
compensated  by  the  appropriation  of  new  matter.  All  of  the  physiological  procif<iW 
that  wo  have  thus  far  studied,  includiof^  circulation,  respiration,  alimentation,  digeotloii, 
absorption,  and  secretion,  are  to  be  regarded  as  means  directed  to  a  single  end;  ftod 
the  great  function,  to  which  all  the  others  ar^  iubeervient,  is  the  general  proctiao  <i€ 
nutrition. 

The  nature  of  the  main  forces  involved  in  nutrition,  be  it  in  a  highly 'Organized  part^ 
like  the  brain  or  muscles,  or  in  a  tissue  called  extra- vascular,  like  the  cartilagea  or  nai^  ia 
unknown.  The  phenomena  attending  the  general  prooeeSt  however,  have  been  studied 
most  carefully^  and  certain  important  pogitive  results  hsTe  been  attained  \  hot  we  really 
find  no  more  satisfactory  explanation  of  the  nature  of  the  causiitive  force  of  nntritioD  in 
the  doctrines  of  to-day  than  in  the  speculative  tbeories  of  the  ancients. 

We  can  hardly  realize  the  vast  extent  of  the  problem  of  nutrition  from  a  review  of  the 
fniiotiona  which  we  have  already  considered.  We  have  seen  that  the  blood  contoioa  all 
the  dementa  that  enter  into  the  composition  of  the  tissues  and  secretiona,  either  id4mbcal 
with  them  in  form  and  composition,  as  is  the  case  with  the  inorganic  principles^  or  in  a 
condition  which  allows  of  their  transformation  into  the  characteristic  principles  of  the 
tissues,  as  we  see  in  the  organic  sTibstances  proper.  These  materials  are  supplied 
the  tissues,  in  the  required  quantity,  through  the  circulatory  apparatus;  and  oxygen, 
which  ie  immediately  indispensable  to  all  the  operations  of  life,  is  introduced  by  re^ira^ 
tion.  The  great  nutritive  fluid,  being  constantly  drawn  upon  by  the  tissues  for  materiaU 
for  their  regeneration,  is  kept  at  the  proper  standard  by  the  tntro^iuction  of  new  matter 
ioto  the  system  in  alimentation,  its  elaborate  preparation  by  digestion,  and  its  aiipropria- 
tion  by  the  fluids  by  absorption.  Many  of  these  processes  retpdre  the  action  of  eer* 
tain  ^ecretioni^  The  introduction  of  new  mutter,  so  essential  to  the  continuance  of  tiio 
phenomena  of  life^  is  demanded,  on  account  of  the  cliange  of  the  substance  of  the  tisatM 
into  what  we  call  eflfete  matter;  and  this  is  discharged  from  the  animal  organism, 
appropriated  by  vegetables,  and  thus  maintain  the  equilibrium  between  these  two 
kingdoms  in  Nature. 

What  15  it  that  cattses  the  parta  of  a  living  animal  organism  to  undergo  chaiigt  isio 
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tf^la  Tn^tter,  incapable  of  any  further  amioal  ftmctioDs  t  aad  what  ta  it  that  givea  to 
thNpe  parts  tlic  power  of  !ie)f-reg«DeratioQ,  when  new  matter  is  presented  under  proper 
i'umlitiobst 
The^e  questions  are  the  physiological  ignii  fattttay  which,  it  ia  to  be  feared|  will  forever 
;    I  he  gmsp  of  scientific  inquiry.    They  constitute  one  of  the  great  mysteries  ever 
II r  in  the  mind  of  the  student  of  Nature,  and  oncn  the  grandeur  of  which  is  ao 
r-    that  it  is  a  problem  with  which  our  intelliitrenLio  ciin  »carcely  ^Tapi>le.     Us, 
:   i^Lij-  14  comTnensurate  with  that  of  the  question  of  the  soul,  and  its  relations  to  the 
finite  and  the  intinite;  a  question  w^hich  philosophers  have  been  constrained  either  to 
admit  upon  the  faith  of  revelation  or  to  hopelessly  nhandi>n.     Little  if  any  real  progresa 
ii  to  be  made  by  endeavoring  to  cover  the  inscrutable  problem  of  life  w  ith  a  eimplicity 
'y  nrtificiid.    This  will  always  be  attractive,  and^  to  a  certain  extent,  satisfactory  to 
nd«  of  those  unacquainted  with  the  det^tih  of  natural  laws  or  willing  to  admit 
vies  upon  aubjects  concerning  which  it  is  iiiipostsible,  in  the  prcj^ent  con- 
,  to  have  any  positive  information  ;  and,  if  generally  admitted  by  biologi- 
ettidents,  it  would  carry  our  science  back  to  the  dark  periods  in  its  hietory^  when  the 
y  of  Nature  wa^  confined  to  speculation,  and  there  existed  no  knowledge  b;ised  upon 
tlirect  (ibservation  of  phenomena.    A  new  name,  arbitrarily  applied  to  organic  matter, 
'      *    -V  addition  to  its  physiological  history,  does  not  advance  our  definite  knowledge. 
',  it  has  long  been  known  that  certain  nitrogonized  constituents  of  the  organ- 
I  collectively  as  organic  principles,  seem  to  give  to  the  tissues  their  property 
*>i  fieration  and  development.     It  may  eeem  to  those  not  engaged  in  scientific 

II  '  a  recital  of  the  wonderful  [properties  of  **  proto|>lasm  "  atlbrds  sonje  additional 

in:  11  concerning  the  phenomena  observed  in  organized  bodies;  but  the  true  defi- 

nition of  the  term  leads  ns  back  to  our  former  ideas  of  the  so-called  vital  properties  of 
organic  matt^sra. 

It  ia  a  wen-established  ffict  that,  wliile  nearly  nl!  of  the  tissnes  undergo  disassimila- 
tlon,  or  conversion  into  effete  matter,  during  their  physiological  decay  in  the  living  or- 
Ifamam,  others,  like  the  epidermis  and  its  ai>pendages,  are  grailually  desquamated,  and, 
wlieii  onco  formed,  do  not  pass  through  any  tarther  changes.  The  whole  question  of  the 
tMCQce  and  nature  of  the  nutritive  property  or  force  resolves  itself  into  vitality.  Life  is 
aliraya  attended  with  what  we  know  as  the  phenomena  of  nutrition,  and  nutrition  does 
mot  exist  except  in  living  organisms.  When  we  can  state  positively  what  is  life,  we  &hall 
ktiair  ttomething  of  nutrition.  At  present,  physiologista  have  been  able  to  define  life 
owlf  by  a  recital  of  certain  of  its  invariable  and  characteristic  attendant  conditions ;  and 
yet  then?  are  few,  if  any,  definitions  of  life^ — regarding  it  bs  the  j^um  of  the  phenomena 
fiecnliar  to  living  organisms^ — that  are  not  open  to  grave  objections* 

If  wo  regard  life  as  a  principle,  it  stands  in  the  relation  of  a  cause  to  the  vital  phe- 
nomena; if  we  regard  it  as  the  totality  of  these  phenorm.'ria,  it  is  an  effect. 

If  we  study  the  development  of  a  fecunduted  ovum,  life  seems  to  be  a  principle,  giv- 
ing tlj«  wonderful  property  of  appropriating  matter  from  without*  until  the  germ 
becomis  changed,  firom  a  globule  of  microscopic  sijfe  and  an  apparently  simple  structure, 
into  a  complete  organism  with  highly-elaborated  parts.  This  organism  haa  a  detinite 
form  and  size,  a  definite  period  of  existence,  and  it  produces,  at  a  certain  time,  generative 
e"letn**nt«,  cA]>Mble  of  perpetuating  its  life  in  new  buinp-R.  We  may  say  that  an  organism 
di  r'cause  the  vital  principle,  if  we  admit  the  existence  of  such  a  prin- 

r,:  rm  of  existence.     But,  on  the  other  hand,  the  fully -developed  linng 

organism,  which  wo  call  an  animal,  presents  numerous  distinct  pnrfs,  each  endowed  with 
sa  faidepondent  property  called  vital,  that  property  recognized  by  Haller  in  various  tis- 
tinder  the  name  of  irritability ;  and  it  is  the  coordinated  sum  of  these  vitalities  that 
the  perfect  being.  These  are  more  or  less  distinct ;  and  we  do  not  commonly 
citMrro  a  sudden  and  simultaneous  arrest  of  the  vital  properties  in  all  the  tissues,  in 
whnt  wv  can  death.    For  example,  the  nervea  may  die  before  the  mnsclea,  or  the  mus- 


FUTRmON. 

clefi,  before  the  nenres.  It  is  also  found  tliat  vital  properties,  apparently  lost  or  > : 
may  be  made  to  return ;  as  in  refiuscitatioti  after  aBjihyxia,  or  in  the  restoration 
cular  or  nervous  irritability  by  iiyection  of  blood. 

The  life  of  a  fecundated  ovum  is  the  f>roperty  which  enables  it  to  undergo  a  certaiaf 
development  when  placed  under  favorable  conditions ;  and,  by  the  eiirroanding  condi- 
tioDS,  its  development  may  be  arrest^,  suspended^  or  modified*    The  life  of  a  non-fccuo- 
,dated  ovum  ia  like  that  of  any  ordinary  anatomical  element. 

The  life  of  an  anatomical  element  or  tissue  in  process  of  development  is  the  property^l 
by  virtue  of  which  it  arrives  at  its  perfection  of  orgacizaiioD  and  perfonns  certain 
defined  functions,  aa  far  as  ita  organization  will  permit.     This  can  also  b^  de0^j«d|J 
suspended,  or  modified  by  surrounding  conditions. 

The  life  of  a  perfect  anatomical  element  or  tissue  is  the  property  winch  enables  it  to  J 
regenerate  itself  and  perfonu  ita  fxmctions,  subject,  also,  to  modificjitions  from  surTound-' 
ing  conditiona. 

The  life  of  a  perfect  animal  organism  is  the  sum  of  the  vitalities  of  its  conetituent  J 
parts;  but  a  being  may  live  with  the  vitality  of  certain  parts  abolished  or  seriously] 
modified,  as  a  man  exints  and  preserves  his  identity  with  a  limb  amputated.  Life  may] 
continue  for  a  long  time  without  eonaciousness,  or  with  organs  paralyzed  or  their  flmc* 
tion  destroyed ;  but  certain  functions,  such  as  respiration  and  circulation,  are  indispensa- 
ble to  the  nutrition  of  all  parts,  and  the  vitality  of  the  ditferent  tissues  is  speedily  Joftl] 
when  these  processes  are  arrested,  and  the  being  then  ceases  to  exist. 

These  considerations  make  it  evident  that  it  is  difiicult,  if  not  impossible^  to  give  ft^J 
single,  comprehensive  definition  of  life,  a  study  of  the  varied  phenomena  of  which  cod* 
stitutes  the  science  of  physiolo^. 

The  general  process  of  nutrition  begins  with  the  introduction  of  matter  from  with«] 
out,  called  food.     It  is   carried  on  by  the   appropriation  of  this  matter  by  the  organ*| 
iam.     It  is  attended  witli  the  production  of  excrenientitious  principles  and  ihL^  develop- 
ment of  certain  phenomena  that  we  have  not  yet  studied,  the  most  important  of  which  ia 
the  production  of  heat.    We  shall  have  little  to  say  about  food,  beyond  what  we  have^ 
already  considered  under  the  head  of  alimentation,  except  to  classify  the  alimentarj 
principles  with  reference  to  their  relations  to  the  general  process  of  nutrition. 


Principles  which  pass  through  the  Organisnu 

All  of  the  inorganic  principles  taken  in  with  the  food  pass  out  of  the  organism,  j 
©rally  in  the  form  in  which  they  enter,  in  the  fffices,  urine,  and  perspiration ;  but  it  ] 
not  be  inferred  from  this  fact  that  they  are  not  useful  as  constituent  parts  of  the  body.  1 
Some  of  these  principles,  such  as  water  and  the  chlorides,  have  very  important  functions  J 
of  a  purely  physical  nature.     It  is  necessary,  for  example,  that  the  blood  should  coDtaliiJ 
a  certain  proportion  of  the  chloride  of  sodium,  this  substance  modifying  and  regulating] 
the  processes  of  absorption  and  probably  of  assimilation.     In  addition,  however^  wc  Und 
the  chlorides  as  constituent  parts  of  every  tissue  and  organ  of  the  body,  and  they  are  so 
closely  united  with  the  uitrogenized  principles  that  they  cannot  be  completely  sepiarat«d 
without  incineration.    Those  inorganic  matters,  the  function  of  which  is  so  marked  in  their  ^ 
passage  through  the  body,  are  found  largely  as  constituents  of  the  fiuids  and  ore  Icsi 
abundant  in  the  solids.    They  are  contained  in  quantity,  also,  in  the  liquid  excretious ; 
and  any  excess  over  the  amount  actually  required  by  the  system  is  thrown  off  in  this 
way.    Other  inorganic  matters  are  especially  important  as  constituent  parts  of  ibe  tissoes, 
and  they  are  moro  abundant  in  the  solids  than  in  the  fluids.    Examples  of  principles  of 
this  class  are  the  salts  of  lime,  particularly  the  phosphates.    These  are  also  in  a  condition  { 
of  intimate  union  with  organic  matter,  and  they  accompany  these  principles  in  allof  llielr 
ao-called  vital  acts. 

If  w«  except  certain  simple  chemical  changes,  such  as  the  decompoeition  of  the  bkat'  J 
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b^oitat,  the  inorgAnie  elements  of  food  do  not  necessarilj  undergo  any  modification  in 
llie  proei*ae  of  digestion.  They  are  generally  introduced  already  in  comhinatioo  with 
offfAnk  matter,  and  tliey  accompany  it  in  the  chnri^es  winch  it  passes  through  in  digestion, 
^^siuiilation  by  the  bloody  deposition  in  the  tissues,  and  the  final  ti-analbnuations  that 
result  in  the  i^arioufl  oxcrementitious  matters;  &o  tliat  we  liud  the  inorganic  principles 
yuittd  with  the  organic  matter  of  the  food  as  it  enters  the  body,  and  what  seem  to  be 
the  fisme  principles  in  connection  with  the  organic  excrementitiousi  njattcTi*,  Between 
these  two  extremes  however,  are  the  various  operations  of  assimilation  and  disaBslmik- 
tioo,  from  which  inorganic  matter  is  never  absent.  As  we  have  not  yet  taken  np  fully 
the  connection  of  the  various  inorganic  matters  with  nutrition,  it  will  be  convenient  here 
to  give  a  brief  review  of  the  different  individual  principles  of  this  class. 

Inorganic  Principles, 

The  number  of  these  principles  now  well  established  as  existing  in  the  human  body 
i*  about  twenty -one.  All  bubstances  which  at  any  time  exist  in  the  body  are  proximate 
jiriflciples;  but  some  are  found  in  small  quantiticB,  are  not  always  present,  and  apparent- 
Ij  have  no  very  important  function.  These  will  he  passed  over  rapidly,  a&  well  as 
llioie  which  are  so  intimately  connected  with  some  important  function  as  to  render  their 
f(}U  consideration  in  connection  with  that  function  indigpensable.  The  following  is  a 
lift  of  the  most  important  inorganic  principles,  excluding  those  which  are  excrementi- 
tioQ*  and  one  or  two  which  are  not  yet  well  establisljed  : 


Table  of  Inorganic  PrineipleB. 


Oifgen. 
Qfdrogen. 
Xitrogea. 

(Wburclted  hydroger»- 
^Salphuretted  hydrogen. 
Water. 

Qiloride  of  sodium. 
Oblotide  of  potassium. 

Phosphate  of  lime  (basic). 
Cirbonate  of  lime, 

Ctrbooate  of  aoda. 

Carbonate  of  potaesa* 
Fbo0pbate  of  niagnesta. 
Ptiotphfite  of  ioda  (neutral). 
Pbospbate  of  potassa. 
Salph&te  of  soda. 
Solphale  of  pota«sa, 
^phate  of  lime. 
Hydrochloratc  of  ammonia. 
Carbnnjtte  of  magnesift. 
Bloarbonate  of  soda« 


Whtn^  found. 

Lungs  and  blood. 

OaseB  of  stomach  and  colon,  and  blood. 

Lungs,  intestinal  gases,  and  blood. 

Lungs  (eii^ired  air).  Intestines, 

LungB  (expired  air),  intestines. 

Universal 

Universal,  except  the  enamel 

Muscles,  liver,  milk,  chyle,  blood,  mucus,  saliva,  bile,  gas- 
tric Juice,  cephalo-rachidiau  fluid,  and  urine. 

UnlversuL 

Bones,  teeth,  cartilage,  internal  ear,  blood,  sebaceous  mat* 
ter,  and  sometimes  the  urine. 

Blood,  bone,  ealira,  lymph,  cephalo-rachidiAu  fluid,  and 
urine. 

Blood,  bone,  hnruph,  and  urine, 

rnirci-sal. 

rniveisftl 

Universal 

Universal,  exempt  niQk,  bile,  and  gastric  juice* 

Same  as  sulphate  of  soda. 

Blood  and  fteees. 

Grtstric  juice,  saliva,  tears,  and  uHne. 

A  trace  in  the  blood  and  sebaceous  matter. 

BUH>d(Liebig). 


G(m$n — ^The  gasee  (oxygen,  hydroi^en,  nitrogen,  carburetted  hydrogen,  and  solphuretted 
drogen)  exist  both  in  a  gaseous  state  and  in  solution  in  some  of  the  fluids  of  the  body. 
yg«in  plays  a  most  important  part  in  the  function  of  respiration ;  but  the  office  of  the 
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other  gases  is  '1*7  no  means  so  essential.  Nitrogen  seems  to  he  formed  bj  the  syslom  in 
small  quantity  and  is  taken  up  by  the  hh*od  and  exhaled  by  the  lungs,  except  during  inaiii- 
Uon^  when  the  blood  absorbs  a  little  from  the  inspired  air.  Jt  exists  in  greater  qoimtifcy 
in  the  intestinal  canal,  Carburetted  and  sulphuretted  hydrogen,  with  pure  hydrogen, 
are  found  in  minute  quantities  in  the  expired  air  and  are  also  found  in  a  gaseouB  state  in 
tlie  alimentary  canal.  From  the  offensive  nature  of  the  contents  of  the  large  intestiiie, 
we  shonld  suspect  tbe  presence  of  solphnretted  hydrogen  in  considerAble  qaantity ;  bat 
actual  analyms  has  shown  that  the  gas  contained  in  tbe  stomach  and  intestines,  large  as 
well  as  small,  is  composed  chiefly  of  nitrogen,  with  hydrogen  and  carburetted  bydrogon 
in  about  eqnal  proportions  (five  to  eleven  parts  per  hundred),  and  but  a  trace  of  ealpba- 
retted  hydrogen.  With  the  exception,  then,  of  oxygen  and  carbonic  acid,  the  latter  being 
an  excretion,  the  gases  do  not  hold  an  important  place  among  the  proximate  principlca. 
At  all  events,  their  function,  whether  it  be  important  or  not,  is  but  little  understood. 


ira^fr.— 'This  principle  exists  in  all  parts  of  the  body ;  in  the  fluids,  some  of  whidi, 
as  the  lachrymal  fluid  and  perspiration,  contain  little  else,  and  in  tlie  hardest  structurea, 
as  the  bones  and  the  enamel  of  the  teeth,  in  the  solids  and  semisolids  it  does  not  exist  «s 
water,  but  it  enters  into  their  structnre,  assuming  the  consistence  by  which  tlie  ttssoeo  an^ 
characterized.  For  example,  we  have  water  in  the  bones,  teeth,  and  even  in  tbe  enatnel, 
not  contained  in  the  interstices  of  their  structure  as  in  a  sponge,  but  incorporated  into 
tbe  substance  of  the  tissue.  In  these  situations,  it  is  essentially  water  of  composition. 
During  the  process  of  nutrition,  water  is  deposited  in  the  tissues  with  the  other  nutritivo 
principles,  as  we  have  it  incorporated  in  the  substance  of  certain  inorganic  compounds  in 
the  process  of  crystallization,  when  it  is  known  in  chemistry  as  water  of  crystallization. 
In  the  interior  of  the  body,  water  is  thus  incorporated  in  the  substance  of  organic  mat- 
ters, which  are  of  indefinite  chemical  composition  and  non^crystallifflible,  and  the  water 
enters  into  their  composition,  within  certain  limits,  in  indefinite  proportions,  aasuming 
the  consistence  of  the  organic  substance.  As  physiologists,  studying  the  organism  Dot 
from  a  purely  chemical  point  of  view,  we  must  consider  water  as  an  integral  constituent 
of  the  tissues  and  not  as  merely  absorbed  by  them. 

All  the  organised  structures  contain  a  certain  proportion  of  water,  and  this  is  neces- 
sary to  the  perturraance  of  all  or  any  of  their  functions.  If  a  normal  muscle  b©  consid- 
ered as  a  contracting  organ,  and  a  nerve,  as  a  conducting  organ,  or  albumen,  as  a  nutri- 
tious element,  we  must  consider  water  as  one  of  their  constituents.  It  b  necessary  to 
the  proper  form,  consistence,  and  function  of  these  and  of  all  organized  structuri^.  In 
analyses  of  organic  matters,  when  water  is  lost  or  driven  off  in  our  manipuUtiona,  tli© 
principle  is  not  brought  near  a  atata  of  chemical  purity,  but  it  is  essentially  and  radically 
changed. 

The  quantity  of  water  which  each  organic  substance  contains  h  iraiK>rtant ;  and  it  is 
provided  that  tljis  quantity,  though  indefinite,  shall  not  exceed  or  tall  below  otirtain  lim- 
its. The  truth  of  this  proposition  is  made  evident  from  the  following  fact^ :  In  the  firs?! 
place,  ail  organs  and  tissues  must  contain  a  tolerably  definite  quantity  of  water  to  give 
them  proper  consistence.  The  evils  of  too  great  a  proportion  of  water  in  the  system, 
and  consequently  a  diminution  of  solid  elements,  are  well  known  to  the  practical  physi- 
cian. General  muscular  debility,  loss  of  appetite,  dropsies,  and  various  other  indicmlions 
of  imperfect  nutrition,  are  among  the  results  of  such  a  condition  ;  while  a  deficiency  of 
water  is  immediately  made  known  by  the  sensation  of  thirst,  which  leads  to  its  introduc- 
tion from  without. 

The  fact  that  water  never  exists  in  any  of  the  fluids,  semisolids,  or  solids,  without 
being  combined  with  inorganic  salts,  and  especially  chloride  of  sodium,  is  one  reason  why 
its  proportion  in  various  situations  is  to  a  certain  extent  constant.  The  presence  of  these 
salts  influences,  in  the  semisolids  at  leasts  the  quantity  of  water  entering  into  their  eom- 
positioD,  and  consequently  it  regulates  thmr  consistence.   A  very  simple  experiment  shows 
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I  irilh  ref«rdno«  to  the  cliloride  of  st>dinm.  If  a  piece  of  muscle  be  placed  in  a  strong 
of  cotiimoti  fmlt,  as  in  sa.ltitig  meat^  it  becomes  harder  and  loses  a  portion  of  itD 
r  of  ©otnpwntiun  ;  but,  if  it  be  exposed  to  the  action  of  pure  water,  it  absorbs  a  cer* 
tilii  qfuantitjr  and  becomes  Bofler.  The  nutrient  fluid  of  the  muscles  during  life  contains 
water  with  ju^^  matter  to  preserve  the  normal  oonHistoiice  of  the  parts, 

Hiia  ftction  of  -  is  even  more  apparent  in  the  case  of  the  blood-cor]^uj^cles. 

M  pare  water  be  ivldwd  to  the  bkK)d^  these  bodies  swell  up  and  are  finally  dissolved ; 
vbll0i»  if  we  add  a  strong  solution  of  sait^  thef  lose  water  and  become  shrunken  and  cor> 
rugate  Tb«ir  natural  form  and  consistence  can  be  restored^  however,  even  after  thej 
bare  been  completely  dried,  by  adding  water  containing  about  the  proportion  of  salt 
wliich  exisfts  in  tlj^  bloud-plasma.  It  seems  clear,  then,  that  water  is  a  necessary  ele- 
;  of  all  tiisoes  and  is  especially  important  to  the  proper  constitution  of  organic  nitro- 
fitaed  sabstanoea ;  that  it  enters  into  the  constitution  of  these  substances,  not  as  pare 
f  always  in  connection  with  certain  inorganic  salts ;  that  its  proportion  is  con* 
a  certain  limits;  and  that  tbe  quantity  in  which  it  exists,  in  organic  nitrogen- 
\m»A  iobataoces  particularly,  is  regulated  by  the  quantity  of  salts  which  enter,  with  it. 
Into  the  uoDstitution  of  these  substances. 

Tbe  qoantitles  of  water  which  can  be  driven  «>ff  by  a  moderate  temperature  (*212** 
Fahr*)  from  the  different  fluids  and  tissues  of  the  body  vary  of  course  very  consider* 
ably,  according  to  the  consistence  of  the  parts.  The  foltawing  is  a  list  of  the  quantities 
m  tbo  most  important  fluids  and  solids : 


Table  of  Quantiiies  of  Water. 


4 

1 

I 


2 


I  Enamel  of  the  teeth * , 

^  Epithehal  desquamatioa ,...*........ 37 

'Teeth _.....,. 100 

'Bonei. ,.....,. 130 

'  Tendons  (Burdach). ,...,..  500 

^  Artical&r  cartilages.. ,....,....,.                                                 .......  650 

^  8kin  (Weinhok) ....  578 

'  Liver  (Fromrahcrr  and  Gugert) (ilS 

*  Muscles  of  man  (Bibra) 72a 

*  Ligwneota  (Chevreul). ,.,... 7ti8 

*  Mean  of  blow)  of  man  (Becqaerci  and  Rodier) 7^0 

*  Milk  of  human  female  (Simon) 687 

*  Chyle  of  man  (Rees). 904 

*  Biie.. i»05 

•Urine «.-.«♦...  933 

*  Haman  lymph  (Tiedemann  and  Gmelio), MO 

*  Human  saliva  (Mitacherlieh) 969 

*  Gastric  juice «84 

*  Penpiratiou »se 

*  Tears »90 

'  Pulnumary  vapor ...» 097 

FufUtian  of  Wattr, — After  what  has  been  stated  respecting  the  condition  in  which 
water  exists  in  tbe  body,  there  remains  but  little  to  say  concerning  its  function^  As  a 
eorj^itnent  of  organized  tissues,  it  gives  to  cartilage  its  elasticity,  to  tendons  tlieir  plia- 
bility and  toughness;  it  is  necessary  to  the  peculiar  po\^^er  of  resistance  of  the  bones; 
and,  as  we  have  already  seen,  it  is  essential  to  the  proper  consistence  of  all  parts  of  the 
\i^Ay.  It  has  other  important  functions  as  a  solvent.  Soluble  articles  of  food  are  iutro- 
duced  in  solntion  in  waT-er.  The  excreraentitious  matters,  which  are  generally  soluble  in 
water,  arc  di:?stdved  by  it  in  the  blood,  are  carried  to  the  organs  of  excretion^  and  are  dis- 
charged In  a  watery  solution  from  the  body. 


I 
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Origin  and  Discharge  of  Watw, — ^It  ia  erideBt  that  a  great  proportion  of  tbe  wst«r  ill 
the  organism  is  introduced  from  without^  in  the  fluids  and  in  the  waterj  constituents  of  all 
Wnde  of  food ;  but  the  theoretical  views  of  soni©  physiologista  with  regard  to  the  li jdro- 
carbons  and  their  oomboition  have  led  to  the  supposition  that  water  is  also  formed  in  tlie 
body  by  a  direct  union  of  oxygen  and  hydrogen.  The  true  way  of  determining  this  point 
is  to  estimate  all  the  water  introduced  into  the  organism,  and  then  to  compare  this  ijuan- 
tity  with  that  which  is  diacharged.  The  latter  estimate,  however,  presents  very  great 
difficulties.  As  water  is  continually  gi?eii  oif  in  the  form  of  vapor  from  the  skin  and  m 
the  expired  air,  tlio  qunntities  thus  discharged  are  subject  to  great  variations,  dependent 
upon  eieroise,  temperature,  the  state  of  the  atmosphere,  etc.,  and  even  if  constant  they 
could  be  estimated  with  great  difficulty.  Experiments  upon  this  point  have  l»een  under- 
taken by  SanctoriuSj  Barral,  Bonssingault,  and  others,  hut  they  are  not  sufKciently  com- 
plete to  settle  the  question. 

In  the  present  state  of  our  knowledge,  w©  can  only  say  that  water  is  introduced  with 
the  fluid  and  solid  elements  of  food  by  the  stomach,  and  that  it  escapes  by  the  urine, 
fteces,  lungs,  and  skin.  There  is  no  direct  evidence  that  water  is  produced  dt  novo  in  the 
interior  of  the  body.  In  the  issue  of  water  by  the  kidneys  and  skin,  it  has  long  been 
observed  that^  in  point  of  activity,  these  two  emunctories  bear  a  et;rtain  relation  to  each 
other.  When  the  skin  is  inactive,  as  in  cold  weather,  the  kidneys  discharge  a  large  quan- 
tity of  water ;  and,  when  the  skin  is  active,  the  quantity  of  water  discharged  by  the  kid* 
neys  is  diminished.  Certain  therapeutical  agents,  also,  can  be  made  to  act  as  diapho- 
retics, by  combining  other  measures  which  favor  cutaneous  action,  or  as  dinretics,  by 
employing  measures  to  diminish  the  action  of  tlie  akin. 

Chloride  of  Sodium. — Chloride  of  sodium  is  next  in  importance,  as  an  inorgticfe 
proximate  principle,  to  water.  It  is  found  in  the  body  at  all  periods  of  life,  existing,  lika 
water,  in  the  ovum.  It  exists  in  all  the  fluids  and  solids  of  the  body,  with  the  single 
exception  of  the  enamel  of  the  teeth.  In  the  fluids,  it  seems  to  he  simply  in  a  state  of 
solution,  and  it  can  be  recognized  by  the  ordinary  tests.  In  this  respect  we  may  cLasa 
together  the  chlorides  of  sodium  and  potassium. 

The  quantity  of  chloride  of  sodium  in  the  entire  body  has  never  been  estimated ;  nor, 
indeed,  has  any  accurate  estimate  been  made  of  the  quantity  contained  in  the  various 
tissues,  for  all  the  chlorides  are  generally  estimated  together.  It  exists  in  greatest  pro- 
portion In  the  fluids,  giving  to  some  of  them,  as  the  tears  and  perspiration,  a  distinctly 
salioe  taste.  The  following  table  gives  an  idea  of  the  quantities  which  have  been  found 
in  some  of  the  most  important  of  the  fluids  and  soUds ; 


Tabk  of  Quantities  of  Chioridt  of  Sodium, 

la  Blood,  human  (Lehmana). 

*'  Chyle  (Lchmaaa).. ,.. 

"  Lymph  (Nasae) 

"  Milk,  human  (Lehmaim) 

"  Saliva,  human  (Lehnmnn).. * 

*'  Perspiration,  bunniD  (mean  of  three  analyses,  Piutii).. 

**  Uritie  (maximum)  j 

**      **     (mean)         >  Taltmiin.  ' 

•*      "     fmmimum)  ) 

**  F^al  mutters  (Bcrzelius). 


Pirupcrl 
....  4*210 

fi-8l0 

....   4*120 

.   0*8tO 

1*590 

.   3-48S 

7  280 

4*610 

2-400 

.  8^10 


Fwiciion  of  Chloride  of  Sodium. — The  function  of  this  principle  is  undonbtedly  im- 
portant, but  it  is  not  yet  fully  understood.  It  does  not  seem  to  enter  into  the  substance 
of  the  orgauiaeed  solids  and  semisolids  as  an  important  and  essential  element,  hut  apparent- 
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h  It  otercL^es  its  chief  fimclion  in  tht?  iJaida.  It  certwioly  dt4t?rmmea,  to  a  gn^ixi  extent, 
the  <|uiiii titles  of  exudatums,  regulates  obaorption,  and  acrvea  to  mmntain  the  alhuiniDoids, 
especially  those  contained  in  the  blood,  \n  tk  state  of  fluidity.  Albtiinen  is  coagulated  bj 
beat  with  tuueh  greater  ditBculty  in  a  sohitiou  of  cbloride  of  sodium  than  when  mixed 
water,  A  stron^j:  solutiun  of  common  sidt  is  Cflpable  of  dissolving  easeine  or 
iiirig  the  formation  of  iibrin.  We  have  already  alluded  to  tbe  fact  that  It  is 
?.,.  I  hii.fide  of  sodium  particularly  wbich  re^rulates  tbe  quantity  of  water  eutoriu^  into 
tii^  tH  uipositiun  of  the  blooil-corpuscles^  thereby  preserving  their  form  ami  consistence; 
and  thai  it  »eeras  to  perform  an  anidogouB  function  with  regard  to  the  other  semi* 
^Itds  erf  the  body.  As  to  the  general  function  of  tbb  substance,  the  following  pro[K»3i- 
tio(n  of  Liebig  h  adopteil  hy  Holiin  and  Yerdell,  and  a  little  refleetion  will  show  that  it 
h  ftustJiined,  afi  far  aa  we  know,  by  the  facts : 

**  Conimoa  salt  ia  intermediate  in  certain  general  prucessee,  and  does  not  partiulpatc 
by  iU  elements  in  the  formation  of  organs/^ 

In  the  first  place,  the  fluids  of  tbe  body  are  genoralJy  intermediate  in  their  functions, 
containing  nutritioua  elements,  which  are  destined  to  be  appropriated  by  the  tiHAues  and 
organs^  and  worn-out  elements^  which  are  to  be  separated  from  the  bi>dy.  In  the  blood 
and  chyle,  chloride  of  sodium  ia  found  in  greatest  abundance.  As  the  nutrition  of  organs 
occurs,  which  couhiHts  in  the  fixation  of  new  proximate  principles,  chloride  of  sodium  ia 
not  deposited  in  any  considerably  quantity,  but  it  aeems  to  regulate  the  general  process,  at 
leail  to  a  certain  eitenL  In  all  civilized  countriea,  salt  is  used  extensively  m  a  condi- 
ntrnr,  nnd  it  nndouVitedly  facilitates  digestion  by  rendering  the  food  more  savory  and 
'  the  flow  of  thu  digestive  fluids;  here,  likewise,  acting  **imply  at*  an  inlerme- 
•  1  ^    lit.     There  is  notliing  more  genera!  among  men  and  animula  than  ibis  desire  for 

cmntnon  salt  The  carnivora  crave  It  and  obtain  it  in  the  bloo<3  of  animals ;  the  her- 
blTOTft  ffe^incnt  **  salt  licks'*  and  places  where  it  is  found,  and  relish  it  when  mixed  with 
eif  food ;  imd  by  man  its  use  is  almost  universal.  In  the  domestic  horbivora,  the 
of  ft  deprivation  of  this  article  is  very  marked  and  has  been  made  the  subject  of 
very  interostijig  experiments,  by  Boussingault.  This  observer  experimented  upon 
two  lots  of  bullocks,  of  three  each,  all  of  them,  at  the  time  the  observations  were  com- 
menced, being  perfectly  healthy  and  in  fine  condition.  One  of  these  lota  he  deprived 
itirely  of  salt,  except  what  was  contained  in  their  fodder,  while  the  other  was  sup- 
'^lied  with  the  usual  quantity.  No  marked  ditTerenco  in  the  two  lots  waa  noticed  until 
between  five  and  six  months,  when  thediflerence  in  general  appearance  was  very  distinct. 
The  animals  receiving  salt  retained  their  fine  appearance,  while  the  others,  though  not 
diminished  in  flesh,  were  not  so  sleek  and  fine.  At  tlie  end  of  a  year  the  difference  was 
very  marked.  The  hides  of  those  which  liad  been  deprived  of  salt  were  rough  and  ragged, 
and  their  a[Fpearance,  listless  and  inanimutis  contrasting  strongly  with  the  sleek  appearance 
and  Tivacious  disposition  of  the  otlierK.  The  ex]jerimenta  of  Boussingaolt  are  the  most 
ccncluslve  that  have  ever  been  im.tituteil  with  regard  to  the  influence  of  chloride  of  sodium 
upon  nutrition.  They  indicate  a  certain  deficiency  in  the  nutrition  of  animals  deprived 
of  it^  but  not  any  considerable  loss  of  weight.  Before  these  observations  were  made, 
DaiHy  made  analogooa  ezperimenta  upon  twenty  sheep,  which  were  continued  for  three 
months.  At  the  end  of  that  time,  the  lot  which  received  salt  presented  a  considerable 
nsceas  of  weight  fabont  22f  lbs.)  over  the  others. 

It  19  a  significant  fact  that  the  quantity  of  chloricb'  of  podium  existing  in  the 
blood  is  not  sulyect  to  variation,  but  that  an  excess  introduced  with  the  faod  is  thrown 
otf  by  the  kidneys,  Tbe  fpiantity  in  the  urine,  then,  bears  a  relation  to  tbe  amount 
intr^uced  as  food,  but  the  proportion  in  the  blood  is  constant.  Tliis  is  anothei 
fact  in  favor  of  the  view  that  the  presence  of  a  definite  quantity  of  common  salt  in 
tbe  circnlatlng  fluid  is  essential  to  the  proper  performance  of  the  general  function  of 
OBtHtion. 

Origin  and  DUekarge  of  Chloride  of  Sodium, — This  substance  is  always  introduced 


if    liP 


494 


NUTRITION. 


with  food  in  tho  condition  in  which  it  is  found  in  tlie  bodj.  It  is  contained  in  the  mh^ 
stance  of  all  kinds  of  food,  animal  and  vegetable ;  but,  in  the  faerhivora  and  in  man,  llja 
source  b  not  sufficiejit  to  tupply  the  wants  of  the  system^  and  it  is  introduced,  therefore, 
as  salt.  The  quantitr  which  is  discharged  from  the  body  baa  been  t^timattrd  by  B&mj 
to  be  somewhat  le^  than  the  quantity  introduced,  about  one-fifth  disappearing :  but 
thc^e  estimates  are  not  exactly  accnrate,  for  the  amount  thrown  off  in  the  perspiration  hia 
never  been  directly  ascertained.  It  exbta  in  the  blood  in  connection  with  the  p^b*3«|»hftte 
of  potajssa,  and  a  certain  amonnt  is  lost  in  a  double  decomposition  which  takes  \*\ucv 
between  tbe^i^  two  salts,  resulting  in  the  formation  of  chloride  of  potassium  and  pho^ 
phate  of  soda*  It  also  is  supposed  to  furnish  the  sotia  to  all  the  salts  which  hare  a  s^>da 
base,  and  a  certain  quantity,  therefore,  disappears  in  this  way. 

Existing,  as  it  does,  in  all  the  solids  and  fluids  of  the  body,  chloride  of  sodiuni  i« 
discharjfed  in  all  the  excretions,  being  thrown  off  in  tlie  urine,  f«Bces,  perspiration, 
and  mucus. 

Chloride  €*/  Potaulum, — Chloride  of  potassium^  although  neither  so  important  a  pros- 
mate  principle  as  the  chloride  of  sodium  nor  so  generally  distributed  in  the  ecooomy, 
seems  to  have  an  analogous  function*  It  is  found  in  the  muscles,  liver,  milk,  chyle,  bbxHi, 
mucus,  saliva,  bile,  gastric  juice,  cephalo-rachidian  fluid,  and  tirine.  It  is  exceedingly 
soluble,  and  in  these  situations  it  exi.sts  in  solution  in  the  fluids.  Its  quantity  in  these 
situations  has  Ui>t  been  accurately  ascertained,  as  it  has  generally  been  estimated  in 
connection  with  the  chloride  of  sodium.  In  the  muscles,  it  exists,  however,  in  a  larger 
proportion  than  common  suit.  In  cow's  milk,  Berzelius  has  found  TT  part  \^t  1,000; 
VtsM  and  Schwartz,  1*35  per  1,000  in  cow's  milk,  and  0*3  per  1,000  in  human  milk* 
Of  the  function  of  this  principle,  little  remains  to  be  said  after  w^hat  has  been  stat^ 
with  regard  to  the  cUoride  of  sodium.  The  functions  of  these  two  principles  are  prob- 
ably identical,  although  the  latter,  from  its  greater  quantity  in  the  fluids  and  its  oniver^ 
sal  distribution,  is  by  far  the  more  important. 

Origin  a jid  DUcharge  of  Chloridt  of  Potauium, — ^This  substance  has  two  sourcea; 
one  in  the  food,  existing,  as  it  does,  in  muscular  tissue,  milk,  etc.,  and  the  other  in  & 
chemical  reaction  between  the  phosphate  of  potassa  and  the  chloride  of  sodium,  forming 
the  chlorirle  of  potassium  and  the  phosphate  of  soda.  That  this  decomposition  takes 
place  in  the  body,  is  evident  from  the  fact  tlisit  the  ingestion  of  a  considerable  quantity 
of  common  stdt  has  been  found,  in  the  sheep,  to  increase  tho  quantity  of  chloride 
of  potassium  in  the  urine,  without  having  any  influence  upon  the  amount  of  chloride 
oi  sodium.  The  chloride  of  potassium  is  discharged  from  tbe  IhmIv  in  the  m-ine  and 
mncus. 


Phegpkate  of  Lime.^Th\s  salt  is  fonnd  in  all  the  solids  and  fliddd  of  the  body.  As  it 
is  always  united,  in  the  solids,  with  organic  substances  as  an  important  element  of  consti* 
tution,  it  is  hardly  second  in  importance  to  water.  It  diflers  in  its  functions  so  trmsui' 
tially  trom  the  chlorides  of  sodium  and  pota^um,  that  they  are  hardly  to  be  companed^ 
It  is  insoluble  in  water,  but  is  held  in  solution  in  the  fluids  of  the  body  by  virtue  of  tree 
carbonic  acid,  the  bicarbonate?,  and  the  chloride  of  sodium.  In  the  Bi>lids  nnd  semi* 
solids,  the  condition  of  its  existence  h  the  same  as  that  of  water;  i,  «.  it  is  incorporated* 
particle  to  particle,  with  the  organic  substance  characteristic  of  the  tissue  and  is  ooo 
of  its  essential  elements  of  composition,  and  cannot  be  completely  separatcil  withotit 
incineration.  Nothing  need  be  added  here  with  regard  to  this  mode  of  union  in  the 
body  of  organic  and  inorganic  substanooa,  after  what  has  been  said  under  th«  head  of 
water. 

The  following  table  gives  the  relative  quantities  of  phosphate  of  lime  in  Tarions  situa- 
tions : 
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of  Quantities  of  Phosphate  of  Lime^ 


PjLit*  pur  t,ooo. 

In  Art^Hal  Mood,  J  p  ^^  j^^^^^j  )  ,     D'7l> 

*•  Vcoi»u3  blootJ,   f      •*  /  .     0-7« 

*^  Milk,  hiiiiiim  (Pfaff  und  Schwartz).  .     t-m 

-SalimiWHght)...- ,  ,     U'ttO 

•*  rrinc,  prfrportimj  to  weight  of  nfih  (Fleitmann  i  »  S5'70 

"  Ktcremfttit^  (Ec?r2clitis) 40*00 

*^Baoc<U»^t^p) ..* -. 400  00 

*"  T«t<»bni  of  a  mcMtic  paHent  (Bostock).. 186^00 

••  Teeth  of  ada!l._.. .......    I  .1 ..*.. lUO'OO 

"Twth,  at  eigbty^one  years..    [  *^^^^«»<^  1    __. .^ bgooO 

**fitiunel  of  the  teeth.. J  I .886  OO 


^ 


Bj  this  table  it  ia  seen  that  the  phosphate  of  lime  exists  in  yery  smiiU  qiittiititj  io  the 
fliiitU  but  is  ftbondant  in  the  solids.  In  the  latter,  the  qnanttty  is  in  proportion  to  the 
hardneiM  of  tlie  structure,  the  qnantity  in  enamel  being,  for  example,  more  tlmn  twice 
that  in  bone.  The  variations  in  quantity  with  ago  are  verj  considerable.  In  tiio  t4N?th 
af  an  infant  one  day  old,  Lassaigne  found  510  parts  per  1,000;  in  the  teeth  of  an  adult, 
0  parU;  and  in  the  teeth  of  an  old  man  of  eighty-one  years,  CC»0  parts.  Thi^  increase 
lli#  calcAreoas  elements  of  the  boDo^s  teeth,  etc.,  in  old  age  is  very  marked ;  and  in 
e  old  age  tltey  are  deposited  in  considerable  quantity  in  situations  where  there 
^\u*^\  bat  a  small  proportion  in  adult  life.  The  system  seemu  to  gradually  lose  the 
:tTof  appropriating  to  itself  organic  matters;  and^  althoagh  articles  of  food  are 
».^'^t^*l  AS  well  as  ever,  the  power  of  assimilation  by  the  tissues  is  diminished.  The  bonea 
uatne  brittle,  and  fractures^  therefore,  are  common  at  this  period  of  life,  when  disluca- 
re  almost  nnknown.  Inasmuch  as  tlie  real  efficiency  of  organs  depends  ufK»n  organic 
-s  the  syatem  actually  wears  out,  and  this  progressive  change  finally  unfits  the 
-  parts  for  the  performance  of  their  flmctions.  An  individual,  if  he  escape  acci- 
Lind  die,  as  we  term  it,  of  old  age,  passes  away  thus  by  a  simple  wearing  out  of  his 

Function  <if  Phonf^knU  of  Lime. — This  substance,  as  before  remarked,  enters  largely 
bto  tJie  constitution  of  the  solids  of  the  body.  In  the  bones  its  fhnction  is  tnost  appar- 
(lil.     T  nce^  in  suitable  proportion,  is  necessary  to  the  mechanical  office  of  these 

pfirt«  rrn  their  power  of  resistance,  without  rendering  them  too  brittle.     It  is 

f  iiiiit  in  the  bones  of  the  lower  extremities,  which  have  to  sustain  the  weight 

'  y,  than  in  those  of  the  upper  extremities;  and  in  the  ribs,  which  are  elastic 

rather  tlian  resisting,  it  exists  in  less  quantity  than  in  the  bones  of  the  arm. 

Tlie  necessity  of  a  proper  proportion  of  phosphate  of  lifne  in  the  bones  is  made  evi- 
dent liy  cases  of  disease,    la  rachitis,  where,  as  is  seen  by  the  table,  its  quantity  is  yery 

'    '      Tiighed,  the  bones  are  unable  to  sustain  the  weight  of  the  body,  and  they  become 

ind  finally,  when  the  phosphate  of  lime  is  deposited,  they  retain  their  distorted 

iu-i^ij.     ill  ifo  of  lime  may  be  extracted  from  the  bones  by  maceration  in  dilute 

!i^-!rT«rhlrir  iiioh  dissolves  it,  leaving  only  the  organic  substance.     Bonea  treated 

li  they  retain  their  fonn,  become  very  pliable;  and  a  long  ^lender 

.  nmy  be  actually  tied  into  a  knot. 

Oriffin  find  Dttohnrffa  of  Phmphate  of  Lime, — The  origin  of  this  principle  is  exclu* 
rfteiy  from  the  external  world.  It  enters  into  the  constitution  of  our  food  and  is  dis- 
ahiffed  in  t^e  faeces,  urine,  and  other  matters  thrown  off  by  the  body.  Its  quantity 
t     *  ■^'  variable.     Lecann  foimd  from  0*437  to  29'25Q  grains  tlirown 

!  _  the  twenty-fonr  hours. 

C^fin^miu  itf  Lim€, — This  principle  exists  in  the  bonesi,  teeth,  cartilage,  internal  ear. 
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bloody  sebaceous  matter,  and  sometimes  m  tlxe  urine.  It  exists  as  a  normal  constituent  in 
the  urine  of  some  herbivora,  but  not  in  tbe  camivoro  or  in  man.  It  U  most  appro- 
priat<?ly  consklored  immediately  after  the  pliosphate  of  lime,  because  it  is  tUe  salt  next 
in  importance  in  tbe  constitution  of  tJae  bones  and  teeth.  In  these  atractures  it  exists 
intimately  combined  with  the  organic  matter,  under  the  same  conditions  as  the  phcs- 
pfaates,  and  it  has  analogous  functions.  In  the  fluids  it  exists  in  small  quantity  and  i»  hcsld 
in  solution  l)y  virtue  of  free  carbonic  acid  and  the  chloride  of  potassium. 

The  carbonate  of  lime  is  the  only  example  of  an  inorganic  proximate  principle  exists 
in^  aucomhiued  and  in  a  cr^stalliue  form  in  the  body.  Jn  the  internal  ear  it  is  found  in 
this  form  and  has  some  function  connected  with  audition. 

Table  of  Quantiiies  of  Carbonate  of  Lime, 

FwU  por  IfOIMX 

In  Bone,  human  (Benteliun) I  Ui)0 

"     "  '"       (Marchtttid) 102-00 

"     **  "        (LiisMigne) ,  _ tC'OO 

"  Teeth  of  *in  infant  one  day  old j  ( 140*00 

"  Tettth  of  an  adult *.»...  V  Laesaignc  I .  .  , , .  ICMI^OO 

**  Teeth  of  an  old  uiiia,  eighty-one  years  \  l , lOtlO 

"  L'rine  of  the  horse  {BoussingauU} 10'82 

Origin  and  Di^harge  of  Carbonate  af  Lime, — Carbonate  of  lime  is  introduced  into 
the  body  with  our  food,  held  in  solution  in  water  by  the  carbonic  acid  which  is  always 
present  in  small  quantity.  It  is  also  formed  in  tbe  body,  particularly  in  the  herbivoni, 
by  a  decomposition  of  the  tartrates,  inalates,  citrates,  and  acetates  of  lime  contained  in 
th<>  food.  These  salts,  meeting  with  carbonic  acid,  are  decomposed,  and  the  earbonate 
of  lime  is  formed.  It  is  probable  tliat^  in  the  human  subject,  aome  of  it  is  changed  into 
the  phosphate  of  lime,  and  in  this  form  is  discharged  in  the  urine  ;  but  when  and  how 
this  chani^e  takes  place  has  not  been  definitely  ascertained. 

Carbonate  of  Soda, — ^This  salt  is  found  in  tbe  blood  and  saliva,  giving  to  these  fluids 
their  alkalinity ;  in  the  urine  of  the  human  subject,  when  it  is  alkaline  without  being 
ammoniacal ;  in  the  urine  of  the  herbivora;  and  in  the  lymph,  cephalo-rachidian  fluid,  and 
in  booe.  The  analyses  of  chemists  with  regard  to  this  substance  are  very  contradictc»ry»  on 
account  of  its  formation  during  the  process  of  incineration  ;  but  there  is  do  doubt  that  it 
is  found  in  the  above  situations.  The  following  table  gives  the  quantities  which  h^ 
been  found  in  some  of  the  fluids  and  solids : 

Table  of  Quantities  of  Carbonate  of  Soda. 

PtrtA  jier  l.iMX). 

In  Blood  of  the  ox  (Marect) , ......   1  '62 

"  Lyiuph  (Nttsso) ..,*,.... .  OM 

"  Copbalt>-nichidiaa  fluid  (Lnssatgne)  . . . », .  0*tM> 

*^  Compact  ti^igue  of  the  tibia  in  a  male  of  dS  years  (Vukaiin). . .  .  SHK) 

"  Spongy  tissue  of  the  same  (Valentin) -  . .  0'70 

Function  of  Carbonate  of  Sod^.—T}m  substance  has  a  tendency  to  maintain  the 
fluidity  of  the  albuminoid  constituenta  of  the  blood,  and  it  assists  in  preserving  tbe  form 
and  consistence  of  the  blood- corjmscles.  Its  function  in  nutrition  is  rather  acoeafory, 
like  that  of  chloride  of  sodium,  than  esaential,  like  the  phosphate  of  lime,  in  tho  con- 
stitution of  certain  structures. 

Origin  and  Diteharge  of  Cd^honate  of  Soda. — This  substance  is  not  introduced  into 
the  body  as  carbonate  of  soda,  but  it  is  formed,  as  is  the  carbonate  of  lime  in  part,  by  a 
decomposition  of  the  malatcs,  tartrates,  etc.,  which  exist  In  fruits.  It  is  discharged  occa- 
sionally in  the  urine  of  the  human  subject,  and  a  great  part  of  it  is  decompoaed  in  th« 
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» liy  the  Jiction  «if  pnonmio  acid,  setting  free  carbonic  acid,  wliicli  is  diM'bargtfd  in 
the  expired  air, 

C4trh0naU  of  PoUma, — ^Tliis  salt  exisU  particularly  in  herbivorous  ftnimaK    It  U 
for  ■       t  when  subjected  to  a  vejaret Able  diet.     Under  tho  heads  of  fane- 

Ui'.  ,  what  has  beea  guid  with  rejciird  to  the  carbonate^  of  8odu  will 

pi/  to  the  oiirboiiatu  of  potossa. 

9natr  of  Magju^tia  and  Bkitrhonate  of  Soda. — It  is  most  convenient  to  tnke  np 
wo  (lalts  in  connection  with  the  other  carbonates,  though  they  are  put  at  the  enil 
ol  tho  list  of  inorganic  fiubstancea  as  the  least  important.  Wt*  know  very  little  about 
tbem,  chemically  or  physiologically.  Traces  of  carbonate  of  miigne^ia  have  been  found 
in  the  bloo4l  of  man,  and  it  exists  normally  in  consitleriible  quantity  in  the  urine  of 
rbirorti*  In  the  human  subject  it  m  discharged  in  the  sebaceous  matter. 
Liehig  has  merely  indtcated  the  presence  uf  bicarbonate  of  soda  in  the  blood. 

Phctiphate  ofMiiQntMa^  PhmphaU  of  Soda  (neutraT)^  and  PhospkaU  qf  PoUs4»fi, — These 

are  found  in  all  the  HuidH  and  Molidg  of  the  budy»  thouirh  not  exieting  in  a  very  large 

wjrtion,  as  compared  with  the  pbospliato  of  lime^  which  we  have  alreadj  coUBidereib 

la  their  relations  to  organized  structures,  they  ar«  analogous  to  tlio  phosphate  of  lime, 

tutoring  into  the  composition  of  the  tiroes,  and  existing  tiicrc  in  a  ^tate  of  intimate 

coiuhination.    They  are  all  taken  into  the  boJy  with  food,  esfmctally  by  the  curnivora,  iu 

the  tluidii  of  which  they  are  found  in  much  greater  abundance  than  the  corhonntes; 

wlilrh  bittHr.  as  we  have  already  seeUt  are  in  great  part  tlie  result  of  the  decomposition 

acid  of  the  mahites,  tartrates,  oxalates,  etc.     With  respect  to  their  functions, 

$ay  tliat,  with  the  phosphate  of  Tnue,  they  go  U>  form  the  organized  &truct- 

iiT€«  ol  whicli  they  are  necessary  constituents.     They  aro  discharged  from  th©  body  iu 

t'l-  'inno  rmd  fieces. 

>jfiiphat€  qfSoda^  Sulphate  of  Potattufi.  and  Sulphate  f>/ Z/'mr.— The  sulpliate  of  scnbi 

md  iW  Hulpbato  of  pot/i«sa  are  identical  in  their  situation,  and  appai'ontly  in  their  func- 

V  are  found  in  all  the  fluids  and  solids  of  the  body^  except  in  the  milk,  liile,  and 

Their  origin  in  the  body  \b  from  the  food,  in  which  they  are  contained  in 

ty,  and  they  are  discharged  in  the  nrinv.     Their  chief  function  appears  to  be 

t  where  they  tend  to  preserve  the  fluidity  of  the  albuminoid  jnattei-s  and  the 

t  fill  and  oonsistenco  of  the  blood-corpuscles.    The  sulphate  of  lime  is  found  in  thi>  blo^Kl 

ml  hBceA,   It  U  introduced  into  the  body  in  solution  in  the  water  which  is  used  as  drink, 

tnd  ii  it  discharged  in  the  ftuces.    Its  function  is  not  understood  and  is  probahl  v  not  very 

tmportant 

IfydrDchhrafe  of  Ammonm. — T\m  snbstanco  has  simply  been  indicated  by  chemists 

*Aed»«ilnjtr  in  the  giistric  juice  of  ruminant*,  the  saliva,  tears,  and  urine.     Some  chemists 

a  rearrangement  of  its  atoms,  calling  it  cldoride  of  amiuoniuio.     It  is  rlischargcd  in 

'wje,  in  which  it  exists,  according  to  8inion,  in  the  proportion  of  0'41  part  per  1,000. 

^i'  '»rigin  and  function  arc  unknown.    Various  comhinationn  of  bases  with  organic  acids 

*AiT^  tts  foot!,  as  the  acetates,  tartrates,  etc.,  found  in  fruit?,  undergo  decomposition  in 

"ty  and  are  trnnsformed  into  carbonates.     In  this  fiu-ra  tliey  behave  precisely  like 

•  'f-  "itier  inorgaoic  salts. 

Ptincijjks  consurmd  by  the  Orffanimu 

Vi  I  iblo  organic  matter  taken  ns  food  is  consumed  in  tbo  orgnm?m,  and 

''^o^'  i  il  trcan  the  body,  in  health,  in  the  form  under  which  it  was  intro- 

^necd,     ihv  principles  (hna  consumed  in  nutrition  have  been  divided  into  nitrogenized 
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and  non-nitrogenized ;  and^  altlmngh  they  both  disappear  in  Uit  organising  they  | 
cort/Lin  marked  differences  in  their  properties^  and  probablj,  also,  in  tlieir  relations  to 
nutrition. 

KitTogeniiad  Prineiphs. — ^The  nitro^t^nized  principles,  having:  for  their  ha^h^  carbon 
hvdrogen,  nitrogen,  and  oxygen,  undergo,  in  the  process  of  digestion  and  absorp 
t!on,  remarkable  changes ;  but  these  are  more  marked  as  regortJs  their  properties  tha 
their  altimate  chotoical  composition.  They  are  all  converted  into  the  nitrogenized  e4a 
ments  of  the  blood,  which,  in  their  turn,  are  transformed  into  the  elmracterititic  nit 
genized  principles  of  the  different  tissues,  and  are  appropriated  by  these  tisaocs,  to  »u|) 
ply  the  place  of  wom-ont  matter.  With  the  intimate  nature  of  this  sene«»  of  ti*aaifor 
raations^  we  are  entirely  nnacqnainted ;  but  we  know  that  the  deposition  i)f  nei 
nitrogeniised  n»atter  in  the  tissues,  eonslituting  one  of  the  most  important  of  the  acts  ^ 
nutrition,  is  attended  witii  a  corresponding  loss  of  matter  that  has  become  changed  Jn^ 
the  nitrogenized  elements  of  excretion.  It  is  the  intermediate)  series  of  phenomena  tha 
is  BO  obscure. 

The  nutrition  of  the  nitrogenized  elements  of  the  tissues  may  be  greatly  modified  by^ 
The  stipi>ly  of  new  matter.  For  example,  a  diet  composed  of  iiitr;'>genized  matter  in  i 
readily  assimilable  form  will  undoubtedly  affect  favorably  the  development  of  the  cor 
sponding  tissues  of  the  body ;  and,  on  the  other  band,  a  deBciency  in  the  supply  will  pr 
duce  n  corresponding  diminution  in  power  and  development.  The  modifications  iu  nnt 
tion  due  to  supply  have,  however,  certain  welbdefined  limits.  An  excess  taken  as  I'e 
is  not  discharged  in  the  fteces,  nor  does  it  pass  out  in  the  form  in  which  it  entered,  in 
the  urine;  but  it  apparently  undergoes  digestion,  becomes  absorbed  by  the  blocKi,  and 
increases  the  quantity  of  nitrogenized  excrementitious  matter  discharged,  particularly 
the  urea.  This  fact  is  shown  by  the  great  increase  in  the  elimination  of  urea  produce 
by  an  excess  of  nitrogenized  food.  Wliether  the  nitrogenized  matter  that  is  not  actnaHl 
needed  in  nutrition  be  changed  into  urea  in  the  blood,  or  whetlur  it  be  approijriated  b^ 
tha  tisgues,  increasing  the  activity  of  tlicir  disassimilation,  is  a  question  difficult  to  dct^r>| 
mine  experimentilly.  Certain  it  is,  however,  that  an  excess  of  nitrogenized  food 
thrown  off  in  nearly  the  same  way  as  an  excess  of  inorganic  matter;  the  difference  beiD 
that  the  latter  passes  (»ut  in  the  form  in  which  it  has  entered,  and  the  former  is  diachargedl 
in  the  form  of  nitrogenized  excrementitious  matter. 

Lhvehpm^nt  of  Potter  and  Endurance  by  Exereue  and  Diet  (Training). — The  nntritioQ 
of  the  nitrogenized  elements  of  the  body  is  greatly  influenced  bj  fttuctional  exerci* 
This  is  partly  local  and  partly  general  in  its  effects.      For  example,  by  the  per^i«t«yn| 
exercise  of  pnrticMlar  muscles,  their  development  can  be  carried  to  a  high  degree  of  per 
fection,  the  rest  of  the  muscular  system  undergoing  no  change  ;  or  the  entire  muscular 
system  may,  by  appropriate  general  exercise,  be  made  to  increase  considerably  in  volmnej 
and  a  person  may  become  capable  of  great  endurance,  under  an  ordinary  diet     It  is  6ur 
prising,  sometimes,  to  see  bow  small  an  amount  of  well-regulated  exercise  will  accompUs 
this  end.     But,  if  it  bo  desired  to  attain  the  maximum  of  strength  and  enduranct%  it  ti 
necessary  to  carefully  regulate  the  diet  as  well  as  the  exercise.    Tliose  who  are  in  Uia 
habit  of  '^  training  **  men,  particularly  for  pugilistic  encounters,  have  long-since  demon- 
strated practically  certain  farts  which  physinlugists  have  been  rather  slow  to  n]> 
By  carefully  regulating  the  diet,  confining  it  chiefly  to  nitrogenized  articles,  cli 
fat  entirely,  and  reducing  the  starchy  elements  to  the  minimum ;  by  regulating  the  exct- 
ciso  so  as  to  increase  the  nutritive  activity  of  all  the  muscles  to  the  greatest  poshibl^lj 
extent;  by  increasing  the  respiratory  activity  by  running,  etc.,  and  removing  from  tha 
body  all  the  unnecessary  adipose  tissue ;  by  all  these  means,  which  favor  nutritive  a&airoi- 
lad  on  by  the  nitrogenized  elements  of  the  organism,  a  man  may  be  "  trained  ^^  so  as  to  be 
capable  of  immense  musculiu*  effort  and  endnrance. 
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TIjo  procew  of  training,  skilfully  carried  out,  b  ia  accordance  with  what  are  now 
Mmitl^  aa  pby^toKigied  laws;  although  it  has  been  i^raetised  for  years  by  ignorant 
iMraiMis,  and  ite  rules  are  entirely  empirical.     It  \»  stated  tl}at  the  athletes  of  ancient 
tiDM|  while  vigorously  exercising  the  uuiscleSj  favored  by  tlieir  diet  the  development  of 
90  as  to  h«^  better  able  to  resist  the  blows  of  tbeir  antagonista.     However  ibis  may 
«inc«  the  En^liab  prize-ring  bas  been  regalarly  organized,  or  »ince  aboat  the  middlo 
of  tbe  last  century,  the  system  of  training  has  been  entirely  dilFerent^  and  fjit  ha»  been, 
ii»  for  aa  poifisible,  removed  from  every  part  of  the  body.    Fat  ia  regarded  by  trainers  aa 
ioert  matter;  and  tbey  recognize,  practically  at  least,  the  fact  that  the  characterisUo 
of  parts  depend  for  their  activity  upon  their  nitrogenized  constituents,     Tbe 
ion  of  a  muscle,  for  example,  h  powerful  in  proportion  to  the  amount  and  condi- 
its  musculino ;  and  it  has  been  a^^certained  by  experience  tiiat  the  muscular  sya^ 
%em  rnn  He  mo»^t  thoroughly  developed  by  carefully-graduated  exercise  and'a  diet  com- 
V  of  nitrofjenized  matter*     In  the  regular  system  of  training,  starch,  tiugar,  fat, 
uro  avoided ;  and  the  diet  is  couiined  almoat  entirely  to  rare  meata,  eggs,  and 
ftale  brtHid  or  toast,  witii  oatmeal -gruel.     The  oatmeal  baa  been  used  from  time  immemo- 
rial, and  it  ii  »np[io8ed  to  be  nseful  in  keeping  the  bowels  in  good  condition.    A  very 
fmall  amount  of  alcohol  and  of  other  nervous  atimulant^  chtelly  in  tl^o  form  of  hom^ 
hrtswed  ale,  sherry  wine,  and  tea,  is  allowed.    Sexual  intercourse  and  all  unusual  nervous 
excitement  are  interdicted. 

Tbo<e  who  a<!opt  absolutely  the  classification  of  food  into  plastic,  or  tissue-forming, 
and  calorific,  or  respiratory,  would  regard  this  course  of  diet  as  eminently  plastic;  but, 
dimiig  the  severe  habitual  exeroiBe^  which  is  most  rigid  after  the  man  ha^  been  ^^  trained 
down"  feo  that  his  fat  is  reduced  to  the  unnimum,  the  respiratory  power  and  the  exbala- 
tba  of  ciu'bomc  acid  are  iramensely  increased,  while  the  proportion  of  hydro-carbons  in 
tlic  fofid  IB  very  small. 

We  do  nut  pro])oflo  to  diacuss  from  a  seientitic  point  of  view^  all  of  the  mlnntia 
of  trainiog.    Many  of  it^  traditional  rules  are  trivial  and  unimportant ;  but  it  is  certainly 

K^^slion  of  great  physiological  interest  to  study  the  processes  by  which  the  musnular 
ilfeiigth  and  endurance  of  a  man  may  be  brought  to  the  highest  possible  point  of 
IcTielopment. 

One  of  the  most  remarkable  of  the  results  of  thorough  training  is  the  development  of 
ifflmrtisc  endurance  and  ^'  wind.''^  This  is  accomplislied  by  running  and  prolonged  exer- 
cise, not  so  violent  as  to  be  exhausting,  and  always  followed  by  ablutions  and  frictions, 
«o  us  to  secnre  a  full  reaction.  The  surprising  faculty  of  endurance  thus  developed  must 
ht  (laA  tn  a  groat  measure  to  nervous  power  as  well  as  to  a  gradual,  careful,  and  [perfectly 
i  il  development  of  the  muscular  system.     A  man  may  be  brought  into  tlie  ring 

ild  appear  to  be  perfeet  condition;  but^  if  he  be  trained  down  too  mncli  or 
,  ho  is  liablo  to  give  out  after  comparatively  slight  exertion.     A  man  who  docs 
-  the  retiaired  constitntional  stamina  and  nervous  power  is  likely  to  break  down 
and  he  caimot  be  brought  to  proper  condition.     On  the  other  hand,  a  man  in 
•I   i^ujdition  is  capable  of  tlie  maximum  of  rauscidar  exertion  for  an  hour,  or  can 
^i-  walk  a  buudre^l  miles  in  a  day. 

fi  i^  n  "utestion  of  great  importanee,  in  connection  with  the  subject  of  nutrition,  to 
ilLivnsTj'H  w  fi.  ther  the  extraordinary  muscular  power  developed  by  severe  training  be, 
tf5  ihi  '  or  deleterious.     This  can  be  answered  very  easily  upon  practical  as 

^'^•ii  1  .  rotinds.     A  folly-grown,  weil-developed  man,  in  perfect  healthy  may 

'<  trninrd  so  as  to  be  brcnight  to  what  is  technically  called  fine  condition,  and  ho  will 
(tn^ie&t  ai  that  time  all  the  animal  functions  in  their  perfection.  lie  is  then  a  model  of  a 
^fiiea]  man ;  and  the  only  consequences  that  can  result  from  such  a  com^so  are  beneficiaL 
^tir  /tnrnounit  tli  ^  -ionid  pugilists  are  short-lived  is  fjdlacious;  for  it  is  well  known 

■   d  ilmoft  all  I  :  ter  training  for  and  passing  through  an  encounter,  immediately 

tbtipfle  Into  A  course  of  life  in  which  all  physiological  laws  are  habitually  yiolated. 
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During  tramingf  even  of  the  most  severe  character,  not  onlr  is  great  attention  paid  to  j 
diet  and  exercise,  bat  all  of  the  functions  are  scrupulously  watched.     TranqoilHtj  o| 
mind,  avoidance  of  exhaustion^  of  artificial  excitement,  etimulants,  tobacco,  ete.^  sr 
strictly  enjoinc*! ;  and  the  process  is  always  very  gradual,  especially  at  its  commencement.  1 
and  is  contioaed  for  several  months.     The  cases  in  which  training  hati  been  folloived  w\ 
bad  eflectH  are  entirely  ditferent.     Undeveloped  boys  are  frequently  trained  for  l>oating,| 
in  the  most  reckless  manner,  until  they  break  down.     An  attempt  is  made  to  uccoitipliNh] 
in  a  few  weeks  what  can  only  be  dune  physiologically  in  several  months ;  and  the  result 
is^  that  some  of  the  vital  organs,  particularly  the  heart,  are  liable  to  become  permanently  I 
injured.     To  improve  the  ''  wind ""  and  endurance,  a  person  undergoes  the  most  violent! 
exercise,  which  is  followed  by  great  exbaustiun,  intense  respiratory  dl^^tress,  and  distorb*! 
once  of  the  action  of  the  heait,  these  parts  being  suddenly  forced  far  beyond  tljeir  func- 
tional capacity.     This  cannot  be  done  without  danger  of  permanent  disturbances  of  the 
system,  such  as  have  been  frequently  observed;  and  it  is  all  the  more  liable  to  be  foUowedJ 
by  bad  rt* suits,  from  the  fact  that  amateurs  are  trained  together,  five  or  six  under  one  | 
man,  and  are  more  or  less  independent,  while  t!ie  professional  athlete  is  never  out  of  the 
sight  of  hie  trainer  for  months,  and  during  that  time  is  under  complete  control     ITier© 
is,  it  seems,  every  phygiolo^cal  reason  to  believe  that  it  is  beneficial  to  the  general  sys- 
tem to  bring  it  to  the  highe!*t  iM>int  of  functional  activity  by  training ;  but,  if  this  be  BOl 
done  with  great  Ciiutiou  and  judgment^  it  is  liable  to  be  followed  by  serious  results. 


I^on-Kitrogeiiued  PrirteipJa.—The   non-nitrogenizcd  principles  present  a  marked 
contrast  to  the  alimentary  substances  we  have  just  considered.     In  the  first  }>lace,  ihef  j 
lire  not  indispensable  to  the  nutrition  of  all  animals.    The  carnivora,  for  example^  may  hej 
well  nourished  upon  a  diet  composed  exclusively  of  nitrtigenized  matter;  and  the  remarkil 
we  have  just  made  upon  training  show  that  the  human  subject  may  be  brought  to  a  h)gli| 
condition  of  phy5ic:d  development,  when  starch,  sugar^  and  fat  are  almost  entirely  elhni* 
nated  from  the  food.     This  shows  conclusively  that  the  division  of  the  food  into  plastt(^1 
and  calorific  elements  is  not  absolute,  and  that  the  animal  temperature  may  be  maintJiined 
without  the  hydro-carbons.     The  nitrogenized  princijiles  are  probably  the  only  cla>>8  of 
alimentary  substances  cai»able  of  forming  muscular  tisMie ;  but,  by  certain  transformations, 
with  the  exact  nature  of  which  we  are  imperfectly  acquainted,  this  class  of  substance  ] 
capable  of  producing  heat  and  of  furnishing  the  carbonic  acid  eliminated  in  respirtttitm«| 
The  uon -nitrogenized  principles  are  incapable  in  themselves  of  meeting  the  nutritiT 
demands  of  the  system,  and  they  are  cither  consumed  without  forming  part  of  the  ti*-J 
sues  or  are  deposited  tn  tlie  fonn  of  fat.     These  questions  we  have  already  considerc< 
under  Ute  head  of  alimentation  ;  and  it  will  be  remembered  that,  with  a  few  exceptions 
fat  always  exists  in  the  body  uncombined,  eitlier  in  the  form  of  adi[*ose  tiseue  or  of  fatti 
granulations  in  the  substance  of  other  tissues. 

The  non-nitrogenized  elements  taken  up  by  the  blood  may  be  divided  into  two  vmt 
ties:  one,  the  sugars,  composed  of  carbon  with  hydrogen  and  oxygen  in  the  proportio 
to  form  water,  constituting  the  true  hydro-carbons;  and  the  other,  the  fats^  in  which  tl 
hydrogen  and  oxygen  do  not  exist  in  the  proportion  to  form  water.    We  speak  of  the  snpui  ^ 
only,  because  starch  and  all  varieties  of  sugar  taken  as  focul  are  transformed  into  gtoco#e. 

In  connection  with  the  study  of  ulimentation  and  glycogenesis,  wo  Jisvc  alreaJy 
referred  to  the  destination  of  the  tree  hydro-carbons  in  the  organism.  They  are  l*krs 
AS  food  to  a  considerable  extent,  particularly  in  the  form  of  starch,  and  are  formed  CM- 
slantly  by  the  liver  in  all  classes  of  animals.  Sugar  ts  never  discharged  from  the  budy 
in  health,  nor  is  it  deposited  in  any  part  of  the  organism,  even  as  a  tenjporary  condittoo. 
It  generally  disappears  in  the  passage  of  the  blood  through  the  lungs.  In  stndyiDg  tlte 
changes  which  sugar  is  capable  of  undergoing,  it  has  been  found  that  it  may  be  conv«jft^ 
into  Iftctlc  acid  or  be  changed  into  carbonic  acid  and  water;  but  precisely  to  w;hat  cilfinl 
the  sugars  undergo  these  changes,  or  how  they  are  acted  upon  by  the  inspired  oxygeiit  it 
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Impofl^itjie  thus  fur  to  dctertulne*     We  nrnst  be  euutciit  to  say  tlmi  tbe  exact 

thmagGS  which  tbu  iugftra  undergo  in  nutrition  are  unknown*     Tlioy  seem  to  be  verj 

fimfiartaiit  iu  Ucvelopm«nt^  hein^  nl»unthmt  in  the  food  and  forintU  largely  in  the  system 

In  ci«rlj  life.     They  cerUiinly  do  not  enter  into  the  composition  of  the  tissues;  and  ii 

:  they  must  he  important  in  the  two  rernulniujE^  phenomcnA  of  nutrhioTi^ 

ition  of  fnl  and  the  developuu'nt  of  aniriiul  hi^nt,     TLic  relations  of  liugsu' 

1     M    -rs  will  be  taken  up  under  their  appropriate  heads. 

-   t  ik'  ti  A^  food  are  eitlier  consumed  in  the  urpmisni  or  are  depodit<?d  in  tlie 

fofin  of  adip(»se  tissue.    That  the  fnts  are  consumed^  there  con  ho  no  doubt;  for^  in  the 

oonual  aLimcnLation  of  uian^  fat  ijs  a  constant  article^  and  it  is  never  dischargtHl  from  tlie 

body,.     We  are  forced  to  admits  however,  that  the  changes  which  fat  undergoes  in  Its 

ftmetis  of  dcatriiction  aro  nt>t  thoroughly  understood.     All  that  wo  positively  kmiw  ia, 

Uuil  ibe  fatty  principles  of  the  food  are  formed  into  u  tine  etnukioa  in  the  isnuill  intestine, 

itid  are  t^ken  iip^  chietly  by  the  lacteals,  rind  diaehurged  into  the  venous  system.     For  a 

lime^  during  absorptiou,  fat  may  exi»t  in  certain  tuiantity  in  the  blood;  but  it  (noondisap- 

p««ri  and  la  cither  de^^troyed  directly  in  the  circulatory  system  or  is  deposited  in  the 

liinn  of  ftdipo<e  tissue  to  supply  a  certain  amoutit  of  this  substunce  consumed.     That  it 

owy  be  d<5»stroyed  directly  is  proven  by  the  consumption  of  fat  in  instances  where  the 

atnoant  of  adipose  matter  is  insignificant;  and  that  the  adipose  tissue  of  the  organism 

niiy  be  ci-»n*umed  is  nhown  by  its  rapid  dii!ia]>pem'auce  in  starvation, 

Tlic  ijufstion  of  the  relations  of  fat  to  nutrition  is  important  but  somewhat  obscure. 

It  doe(»  not  l^tke  part  in  the  nutrition  of  the  parts  thiit  are  endowed  to  an  eminent 

dogreo  wiUi  the  so-calle<1  vital  functiuns;  and,  whun  these  tissues  are  brought  to  thoir 

highest  point  of  development,  the  fat  is  entirely  removed  from  their  substance.     If 

fit  b«  not  a  plastic  material.^  it  would  seem  to  have  no  function  remaining  but  tliat  of 

kiMfpiog  up,  by  its  oxidation,  the  animal  temperature.     Out  it  is  not  proven  that  the  fata,  or 

inii  and  sugar,  are  tlie  w>le  principles  concerned  in  the  production  of  carbonic  acid  and 

^^  generation  of  heat;  tor  both  of  these  ptienom^na  occur  in  the  curnivorn,  and  in  man, 

wh«Q  fal  and  sugar  are  eliminated  froui  the  food  and  tlie  fat  in  tbe  budy  has  been 

rftlttoeii  to  the  minimum.     Fat  is  undoubtedly  destrrtyed  in  the  organism,  and  probably 

tl  ofeigtfl  in  Llm  formation  of  the  carbonic  acid  eliuiinated ;  it  is  also  taken  in  much  larger 

rtion  in  cold  than  in  temperate  or  warm  climates;  but  we  cannot,  with  our  jircsent 

il  filiation,  say  without  reserve  that  fats  and  sugar  are  oxidized  directly,  by  a  process 

with  which  we  are  familiar  under  the  name  of  cotu bastion,  and  that  their  exclusive  ftmc- 

tioa  in  tho  production  of  animal  heat. 

It  ii  a  ciirious  fact  that  fat  is  generally  deposited  in  tissues  during  their  retrograde 
|»rwei9ciL  The  muscular  librcs  of  the  utenis,  during  the  involution  of  this  organ  after 
HrtffHti'm.  become  the  seat  ol'a  deposit  of  fatty  granulations.  Long  disuse  of  Huy  part 
§ueh  changes  in  its  power  of  [ij)propriating  nitrogenized  matter  for  its  regen- 
r  it  socm  hecouiCB  atropliied  .and  altered.  Instead  of  the  normal  nitrogenized 
•wnents  of  the  tiswae,  we  have,  under  these  circumstances,  a  deposition  of  fatty  matter, 
ft*  fit  is  her«  inert,  and  it  takes  the  place  of  the  substance  that  gives  to  tlie  part  its  char- 
•^'Viisijc  fkiuetions.  These  phenomena  are  strikingly  apparent  in  musi^les  tliat  have  been 
'  T^*  difuscd  or  paralyzed  and  in  nerves  that  hare  lost  their  functional  activity.  If  the 
ftijjupt'  be  n"t  tuo  cji tensive,  the  fat  may  be  made  to  disa[>pear,  and  the  part  will  return 
^"  iu  ti<»rrmi]  ci'U*tirution,  with  appropriate  exfrci«te;  hut  frequently  the  alteration  has 
l^^v^'ded  ^D  ffir  a^  to  be  irremediable  and  permanent. 

Accurate  observations  have  shown  that,  in  young  animals  rapidly  fattened,  all  the 
^l*tiso  matter  in  the  body  cannot  ho  accounted  for  by  what  is  taken  in  as  fooil ;  and  it 
'^  f^Ttiiin  that  £at  may  be  pro^lnced  tU  novo  m  the  organism. 


F^rmatkm  <rikl  IhpmUi&n.  qfFat. — The  question  of  the  generation  of  fat  in  tJie  econo- 
%  b  «M  of  great  tmpoitiince.    Whatever  the  exact  nature  of  the  clioiiges  accompanying 
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the  destruction  of  non-nitrogeiilzcd  matters  may  be,  it  ia  certain  that  the  fat  stored  np  in 
the  body  h  consumed^  when  there  is  a  deficiency  in  any  of  the  elements  of  food,  as  w 
Its  thut  which  is  taken  into  the  alimentary  canal.     It  id  rendered  probable,  indeed,  by 
few  experiments  that  have  been  made  upon  the  subject^  that  obeaitj  increaacrs  the  piiwer] 
of  resistance  to  inanition.     At  all  events,  in  starvation^  the  fatty  constituents  of  the  body 
are  the  first  to  be  consumed,  and  they  almost  entirely  disappear  before  death.     A  a  we 
have  already  seen^  sugar  is  never  deposited  in  any  part  of  the  orgauiBm,  and  it  in  merely 
temporary  constituent  of  the  blood.     If  the  sugars  and  fats  have,  in  certain  regards^  iimi 
lar  functiona  in  nutrition,  and  if,  in  addition  to  the  mechanical  fnuetiona  of  fat^  it  toa; 
be  retained  in  the  orgaoiara  for  use  under  extraordinary  conditions^  it  becomea  ver; 
important  to  ascertain  the  mechanism  of  its  production  and  deposition* 

The  production  of  fatty  matter  by  certain  insects,  in  excess  of  the  fat  supplied  wit; 
the  food,  was  established  long  ago  by  the  researches  of  Huber;  and  analogous  obaervj 
tions  have  been  made  upon  birds  and  mammals  by  Boussinganlt.     Borne  of  the  expeii< 
raents  of  Boussingault  are  peculiarly  interesting,  as  they  were  made  ujton  pigs,  in  whic 
the  digestive  apparatus  closely  r^embles  that  of  the  human  subject.     They  showed  oon< 
clusively  that,  under  certain  circumstaneesi,  more  fat  ejtists  in  the  bodies  of  animals 
can  be  accoimted  for  by  the  total  amount  of  fat  taken  as  food  added  to  the  fat  (^xi.Ntio 
at  birth*     In  some  very  interesting  experiments  with  reference  to  tlie  influence  of  didcr«ni< 
kinds  of  food  upon  the  development  of  fat,  it  was  ascertained  that  fat  could  be  prc*ducc4 
in  animals  upon  a  regimen,  snfliciently  nitrogenizcd,  but  deprived  of  fatty  matter*;  but 
the  fact  should  be  recognized  that  ^*  the  nutriment  which  produces  the  most  rapid  ant) 
pronounced  fattening  is  precisely  that  which  joins  to  the  proper  proportion  of  albuminoii 
substances  the  greatest  proportion  of  fatty  principles,*^ 

Animals  cannot  bo  fattened  without  a  certain  variety  in  the  regimen.  We  hav© 
already  discntised  the  necessity  of  a  vaiied  diet  and  have  shown  that  an  animal  will  di 
of  starvation  when  confined  exclusively  to  one  class  of  principles,  even  if  this  be  of  tbi 
most  nutritious  character ;  and  it  is  not  necessary  to  refer  again  to  tlie  experiments  whici 
have  demonstrated  that  a  diet  confined  exclusively  to  starch,  sugar,  or  fat,  or  even  pa 
albumen  or  fibrin,  cantiot  sustain  life,  much  less  fatten  an  animal.  We  are  prepared, 
then,  Ut  understand  why,  in  the  pigs  experimented  upon  by  Boussingault,  a  regimen  con 
fined  to  potatoes  did  not  prove  to  be  fattening^  notwithstanding  the  largo  propurtiun  of 
starch,  and  that  fat  was  produced  in  abundance  only  when  the  food  preiiented  thv  propel 
variety  of  principles. 

Very  little  is  known  concerning  the  precise  mechanism  of  the  production  of  fat.  Tht 
experiments  of  Boussingault  seem  to  leave  no  doubt  that  it  may  be  formed  from  any  kind 
of  food,  even  when  the  alimentation  is  exclusively  nitrogenized  ;  but  it  is,  nevertheless,  si 
matter  of  common  obsen^ation  that  certain  articles  of  diet  are  more  favurable  to  ittj 
deposition  than  others ;  and  it  is  also  true  that  the  herbivora  are  fattened  much  mort; 
readily,  as  a  rule,  than  the  carnivora. 

Theoretical  considerations  wotdd  immediately  point  to  etarcb  and  sugar  as  the  ele- 
ments of  food  most  easily  convertible  into  fat,  as  they  contain  the  same  elementJi,  tliough 
in  difl^erent  proportions ;  and  it  is  more  than  probable  that  this  view  is  correct  It  i^  mil 
that,  in  sugar-growing  sections,  during  the  pericHl  of  grinding  the  cane,  the  laborers  be- 
come excessively  fat,  from  eating  large  quantities  of  the  saccharine  matter.  Wo  cannot 
refer  to  any  exact  scientific  observations  upon  tliis  point,  but  the  fact  is  pretty  generally 
admitted  by  physiologists.  Again,  it  has  been  frequently  a  matter  of  individual  experience 
that  sugar  and  starch  are  favorable  to  the  deposition  of  fat,  especially  when  there  is  a 
constitutional  tendency  to  obesity.  A  most  remarkable  example  of  this,  and  one  uhlch 
has  met  with  con*iiderable  notoriety,  is  w^orthy  of  mention,  though  uol  reported  by  4 
scientific  observer.  We  refer  to  the  letter  on  corpulence,  by  Mr.  Banting.  Thu  writer 
of  this  curious  pamphlet^  in  1862,  was  aixty-six  years  old,  ^vo  feet  and  five  inches  in 
height,  and  weighed  two  hundred  and  two  pounds.     Under  the  advice  of  Mr.  William 
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f.  Pi  R,  0*  St^  of  London,  he  confined  biinsolf  to  a  diet  containing  no  sugar  and  as 
fttle  starch  and  fsd  as  possible.  Continuing  this  regimen  for  one  jeai%  be  gruduallj  lost 
Wf^hV  ^t  the  rato  of  uboiit  one  pound  each  weak,  until  ho  was  reduced  to  ouo  hundred 
tiul  filtj-slx  ponndn.  At  the  time  the  laitt  edition  of  Uio  pamphlet  was  publi^ed,  in 
tS54,  h^  «QJojed  perfect  health  and  weighed  ono  hundred  and  liftj  pounds,  his  weight 
fftfying  only  to  the  extent  of  one  pound,  more  or  less,  in  the  course  of  a  month.  Thia 
tIlUe  tract  \b  very  interesting^  both  from  the  importance  of  its  physiological  deductions  and 
itsffOAiDt  literary  style.  It  has  had  an  immense  oireulation,  and  many  persons  s^uti'ering 
t'^  -e  development  have  adopted  the  svstem  her©  advi^jjed^  with  riisulu 

ij  *<i.     A  atudy  of  the  course  of  diet  liere  prescribed  shows  it  to  he  u 

pretty  rigid  training  system,  with  the  exception  of  succulent  vegetables  and  liquids, 
nliirh  uro  allowed  without  restriction.     It  is  proper  to  remark,  however,  that  some 
advocates  of  tbe  plan  have  exceeded  the  h  mi  Is  prescribed  and  have  neglected 

I  of  the  author  always  to  employ  it  under  the  advice  of  a  physician ;  and  its  too 
r  oment  hag  betn  followed  by  serious  disturbances  in  general  nutrition.  Others, 
liow  i>'VcT^  have  verified  tiie  favorablo  results  obtained  by  Mr.  Banting. 

Ft  b  ditticult  to  exj>lttiij  the  remarkable  constitutional  tendency  to  obesity  observed  in 
■U,  which  is  very  ofteu  hereditary.  Such  persons  -will  l>ecome  very  fat 
itively  low  diet,  while  others  deposit  but  little  adipose  matter,  even  when 

II  is  abundant.  It  is  to  bo  noted,  however,  that  tbe  former  are  generally 
thr^  tise  of  starchy,  saccharine,  and  fatty  elements  of  food,  while  the  btter  cou* 
'      J  proportion  of  nitrogenized  matter* 

it  15  O'jt  iiQ  nnoommon  remark  that  the  habit  of  taking  large  quantities  of  liquids 
Utot^  the  formation  of  fat ;  but  it  is  not  etisy  to  find  any  scientific  basis  for  such  an 
»>f'miuQ.  As  to  tlic  formation  of  fat  by  any  particular  organ  or  organs  in  tlie  body,  no 
p^aitiveM-irnriti''  view  has  been  advanced,  except  the  proposition  by  Bernard,  that  the 
IhiTbadti  n,  in  addition  to  its  glycogenic  otlice.    This  we  have  already  dis- 

''^ii^'^d  arj'l  n  tliut  such  a  function  is  far  from  being  positively  establislied. 


r»  uH'Ur  tchich  Fat  exisU  m  the  Organism. — It  is  said  that  fat  combined  with 

is  united  with  nitrogenizcd  matter  in  the  substance  of  the  nervous  tissue ;  but 

n  here  is  n«jt  well  understood,  as  we  shall  see  when  wo  come  to  treat  of  the 

-Tt*nJ.     A  Rinull  quantity  of  fat  is  contained  in  the  blood -corpuseles,  and  a  little 

iili'id  in  i^olution  in  the  bile;  but,  with  these  exceptions,  fat  always  exists  in  the  body 

l-ilnUd  and  uncoujbined  with  nitro^onized  matter,  in  the  form  of  granules  or  globules 

mil  of  adipose  tissue.     Tbe  three  varieties  of  fat  are  here  combined  in  variable  propor- 

tiotjii  which  is  the  cause  of  the  differences  in  its  consistence  in  dillerent  situations.    The 

I  :  Je  elements  of  fat  are,  carbon,  hydrogen,  and 
cji,y^^*u,  the  two  latter  in  tuiequal  proportions. 


J 


Phfftiol^ical  Anatomy  qf  Adipoae  Tmue, — Adipose 
fi»ae  b  found  in  abundance  in  the  interstices  of  the 
tabctititncous  areolar  tissue^    where  it  is   sometimes 
fctkuwii  an  the  panniculus  adiposus.     It  is  not,  how- 
et«r,  to  be  confounded  with  the  so-called  cellular  or 
'  tiwnei^  and  is  simply  associated  with  it  without 
one  of  its  essential  parts ;  for  the  areolar  tissue 
'    it  in  certain  situations,  as  the  eyelids  and 
here  there  is  no  adipose  matter,  and  adipose 
ouv  exists  sometimes,  as  in  the  marrow  of  the  bones»  witboot  any  areolar  tissue^ 
Adipose  tissue  is  widely  distributed  in  the  body  and  baa  important  mechanical  func 
Its  anatomical  element  is  a  vesicle,  from  ti^tt  to  ifjhr  of  an  inch  in  diameter,  com 
i  of  a  delicate,  structureless  membrane,  2sl^9  ^^  <^  ^^^^  thick,  enclosing  fiuld  con 
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teatSw  The  form  of  the  vesicles  \b  natuniUj  roonded  or  ovoid;  but  tn  tuicrosciTpioit 
prdparatioDs  thej  are  generalljr  compresaed  so  a&  to  hecome  irregtdarlj  [loIvbeckicaL 
The  membraae  sonietimeB  presents  a  small  nucleog  attached  to  iU  tuner  fttirfoce.  Tbe 
contents  are,  a  minate  qaaDtit j  of  an  albaminoid  tioid  moLStening  the  internal  mtrimot  of 
the  membrane,  and  a  mixture  of  oleine,  margarine,  and  stearine,  liquid  at  the  tamper- 
attire  of  the  body,  bat  becoming  harder  on  cooling,  little  rosettes  of  aeieuJar  crj«ljds  of 
margarine  are  frequently  observed  in  the  fat -vesicles  at  a  low  temperature.  The  amoaat 
nf  fat  in  a  man  of  ordinary  development,  according  to  Carpenter,  eqiiak  about  one- 
tirentietb  of  tJie  weight  of  the  body. 

The  adipose  vesicles  are  collected  into  little  lobules,  firom  ^  to  i  of  an  inch  in  dlaiil^ 
ter,  which  are  surrounded  by  a  rather  wide  net-work  of  capillary  blood*vessel«,  Clofte 
examination  of  these  vessels  $hows  that  they  frequently  surround  individoal  fat-oellm  in 
the  form  of  single  loops.  There  is  no  distHhution  of  nervee  or  lymphatics  to  th^  el#- 
menta  of  adipose  tissue.  It  is  seen  by  this  sketch  of  the  structore  of  adlpo^  tissoov  tint 
there  is  no  anatomical  reason  for  claasing  these  vetsides  with  the  doctleas  glaodsi  m  M 
done  by  some  physiologiats.  They  undoubtedly,  under  certain  conditions,  hav«  tha 
power  of  filling  themselves  with  fat ;  but  it  would  be  no  more  appropriate  to  oall  £it 
a  secretion  than  to  apply  this  term  to  the  development  and  nutrition  of  the  moaevlir 
substance  within  the  sarcolemma, 

CimdUumM  which  ipfiuenes  Kuiriiicn. — ^We  know  more  concerning  the  oonditioos 
that  influence  the  general  process  of  nutrition  than  about  the  nature  of  the  proce»  itself 
It  will  be  seen,  for  example,  when  we  come  to  study  the  nervous  svi^tem,  that  tbere  ar* 
ner\*es  whicli  regulate,  to  a  certain  extent,  the  nutritive  forces*  We  do  nut  mean  to 
Imply  that  nntrition  is  effected  through  the  influence  of  the  nerves,  but  it  is  tbe  fact  that 
certain  nerves,  by  reguladng  the  supply  of  blood,  and  perhaps  by  other  influences, 
capable  of  modifying  the  nntrition  of  parts  to  a  very  considerable  extent. 

In  discussing  the  influence  of  exercise  upon  the  development  of  parts,  we  have  showB| 
that  this  is  nut  only  desirable  but  indispensable ;  and  the  proper  performance  of  the  fiinc 
Uona  of  nearly  all  parts  invcdves  the  action  of  the  nervous  system.  It  is  true  that  the  •rp-( 
arate  parts  of  the  organism  and  the  organism  as  a  whole  have  a  limited  existence  ;  but  it  \d 
Dot  true  that  the  change  of  uitrogenized,  living  sabstance  into  etlete  matter,  a  process  that 
is  increased  in  activity  by  physiological  exercise^  consumes,  so  to  speaks  a  definite  amount i 
of  the  limited  life  of  the  parts.  Physiological  exercise  increases  disasaimilation,  but  it  ahta 
increases  the  activity  of  nutrition  and  favow  development  It  is  a  favorite  sophiam  to 
assert  that  bodily  or  mental  effort  is  made  always  at  the  expense  of  a  definite  amount  of 
vitality  and  matter  consamed.  This  is  partly  true,  but  ir*ainly  false.  Work  invohci 
change  Into  effete  matter;  but,  when  rc*stricted  within  physiological  limits  it  tr 
a  corresponding  activity  of  nutrition,  assimiing,  of  course,  that  the  supply  fron. 
be  sufficient.  Other  things  being  equal,  a  man  wiU  live  longer  under  a  system  of  p^iy^ti^ 
logical  exercise  of  every  part,  than  if  lie  miide  the  least  effort  possible.  It  la,  mdeed» 
tmly  by  such  use  of  |>arts  that  they  can  undergo  proper  development  and  become  the  !«aat 
of  normal  nutrition.  But,  notwithstanding  all  these  facts,  life  is  aelMimited.  Unle* 
subjected  to  some  process  which  arrests  all  changes,  sach  a^  cold,  the  action  of  prtacrvir 
tive  thiids,  etc.,  organic  substances  are  constantly  undergoing  transformation.  In  tKe 
living  body,  their  disassimilation  and  nutrition  are  unceasing ;  and,  after  tliey  ar*  n>- 
moved  from  what  are  termed  vital  exinditions,  tliey  change,  flrsit  losing  i  .  or 

becoming  incapable  of  performing  their  functions,  and  aften^ard  deconipo-  ntat- 

t«p«  which,  like  the  reaolta  of  their  disasaimilatlon,  are  destined  to  be  appropriated  by 
tbe  vegetable  kingdom.  Nutrition  suflScient  to  supply  the  physiological  decay  of  parti 
cannot  continue  indefinitely.  The  wonderful  forces  in  the  fecundated  ovmn  lead  it 
through  a  process  of  development  that  requires  in  the  human  subject,  more  than  tweotj 
years  for  its  completion ;  and.  when  development  ceases,  no  one  con  ^ay  why  it  becooMa 
arrested,  nor  can  we  ^ve  any  sufficient  reason  why,  with  a  sufficient  and  appfoprial« 
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[>f  material*  a  nian  should  not  grow  indefinitely.  After  the  being  is  fully  devel- 
0|>ed,  and  duriii*?  what  is  known  as  the  adult  period,  tho  &np|>ly  seems  to  be  about  enuaj 
to  th(9  w^iste.  Biit«  after  thi^,  nutrition  gradually  becomes  doticient^  and  the  deposition  of 
Dew  matter  in  progrea^sive  old  ago  becomes  more  and  more  inadequate  to  supply  tlio  place 
of  lh«  living  nitfogenized  substance.  We  may  at  this  time,  as  an  exception,  have  a  oon- 
iuderablo  deposition  of  fat,  but  the  nitrogenized  matter  ia  always  deficient,  and  the  pro- 
[»oriion  of  inert,  inorganic  matter  combined  with  it  is  increased. 

Thero  can  bo  little  if  any  doubt  that  the  forces  which  induce  the  regeneration  or 
nutrition  of  parts  reside  in  tlie  organic  nitrogenized  substance,  and  that  these  give  to  the 
part*  their  characteristic  functions,  which  we  call  vital;  the  inorganic  matter  being 
ptt»>dv«,  or  having,  at  the  most,  purely  physical  functions.  If,  therefore,  as  age  advances, 
tlie  organic  mutter  bo  gradually  losing  the  power  of  completely  regtineratiug  its  sul** 
•feonce^  and  if  iU»  proportion  be  progressively  diminishing  while  the  inorganic  matter  la 
increasing  in  qtirmtity,  a  time  will  come  when  some  of  the  organs  necess^ary  to  life  will 
bo  ouablo  to  perform  their  offiee.  AVhen  this  oecurs  we  have  death  from  i»ld  age,  or 
pljyiiiological  dissolution.  This  may  be  a  gradual  failure  of  the  general  process  of  nutri- 
iWn,  ur  it  may  attack  some  one  organ  or  system.  Why  death  is  thus  certain  to  occur, 
we  do  not  know,  any  more  than  we  can  explain  why  and  how  animals  live. 

The  modifications  in  nutrition  due  to  the  very  varied  inHuenues  that  may  lie  brought 
to  hear  npon  it  present  a  most  extended  enhjoct  for  discuayioa ;  but  we  shall  not  touch 
upon  any  of  these  influences  that  are  not  purely  physiologicah     Among  the  roost  inter* 
Mting  iif  these  modifications,  are  those  due  to  age,  cuustituting,  as  they  do,  in  early  life^ 
*»f  development.    These  will  bo  treated  of  fully  in  connection  with  the  subject 
>n.    It  is  evident,  also,  from  what  we  have  already  said,  that  each  tissue  and 
ii:t«  lis  own  conditions  of  nutrition  and  development;  and  this  constitutes  another 
;    T.iDt  division  of  the  subject,  the  more  interesting,  because  the  nutrition  and  develop- 
ment of  the  individual  tissues  are  closely  connected  with  the  processes  of  regeneration 
wd  repair  after  injury.    W' e  have  stated,  as  far  as  possible,  all  that  is  positively  known  of 
t)io  nutrition  of  the  fully -fonned  tissues  of  the  body  ;  but  the  history  of  their  develop- 
Til  rir  belongs  to  embryology.     If  we  were  to  attempt  to  follow  the  processes  of  regenera- 
I'tisr  injury,  in  nerves,  muscles,  bone,  etc,  we  should  be  compelled  to  pass  almost 
int^j  the  domain  of  patliology.    The  ititlueuoes  of  climate,  respiratory  activity, 
luve  alreiuly  been  considered  under  the  heads  of  respiration,  alimentation,  atid 
^xcreiiun,  and  will  be  touched  npon  again  in  connection  with  animal  heat. 

Fr&dtt^ts  of  Bisammilatwn, — It  only  remains  now  to  recapitulate  briefly  the  mode 

"^ ;-  if?uction  of  the  excretions.     Tlie  process  of  diaassimilation,  we  are  aware,  always 

p.mics  nutrition,  and  the  subst^mces  thus  formed  are  the  result  of  the  final  changes 

ido  cou*«titiient**  of  the  tissues.     As  we  have  seen  in  studying  the  urine,  the 

i*iu.-i  principles  proper  are  always  associated  with  inorganic  matter  which  has 

s^h  the  organism;  and,  while  there  are  many  etVete  substances  that  we  have 

Lo  recognize,  the  physiological  and  patliological  relations  of  which  have  been 

r  1«8S  euoce^^fully  studied,  there  are  probably  others  which  have  thus  far  escapeii 

-^.'  -ation,    Itis  almost  futile  to  speculate  npon  the  probable  bearing  which  the  discovery 

of  new  excrementitious  principles  will  have  upon  pathological  conditions,  while  there  are 

•omany  which  we  now  know  only  by  name,  their  relations  to  the  diflerent  tissues  being 

Kin  oWtire;  but,  if  we  reason  from  the  light  thrown  n[»on  certain  diseased  conditions  by 

f  tn-ea,  the  urates,  and  cholesterine  are  liable  to  be  retained  in  the  bloo*l  and 

Liin  symptoms,  we  may  safely  infer  that  the  description  of  new  effete  prin- 

iuivo  an  important  infiuence  upon  our  pathological  knowledge  as  well  as  our 

lienaion  nf  physiological  processes.     The  ftillowing  are  the  most  irnportont  eicre- 

Oeatitioas  matters,  the  relations  of  which  to  nutrition  and  disassimilation  are  more  or 

Ins  fully  nuderstood: 
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ProdiActs  of  Disassimilation, 

EzcrementUums  Principles.  Haw  exereied. 

'PrindpAUy  bj  the 

lungs;  bat  also 

Carbonic  acid -l      bj  the  «»ir«w^  and 

in  Bolulion  in  the 

excreted  fluids. 

Alkaline  5udoratcs Perspiration. 

r  Principally  in  the 

^  urine ;  but  a  cer- 

Urea -{      ^.  .^  . 

J      tain  quantity  m 

I  the  perspiration. 

Urate  of  soda Urine. 

Urate  of  ammonia ** 

Urate  of  polassa *♦ 

Urate  of  lime " 

Urate  of  magnesia ** 

Hippurate  of  soda " 

Hippurate  of  potassa " 

Hippurate  of  lime " 

Creatine " 

Creatinine ** 

Oxalate  of  lime ** 

Xanthine *» 

Stercorine  (changed  from  cholesterine) Fseces. 

Excretine ** 

In  tlio  above  list  we  have  omitted  all  doubtful  excrementitious  principles,  as  well 
as  the  inorganic  compounds  found  in  the  excreted  fluids;  and  we  may  assume  that 
the  substances  tlierein  enumerated  represent,  as  far  as  we  are  now  able  to  determine, 
the  physiological  wear  of  the  organism.  We  shall  not  again  discuss  the  fact  that  the  life 
of  tissues  involves  ])hysiological  waste  or  decay,  and  that  the  excrementitious  principles 
proper  represent  tlie  final  changes  of  organic  substances.  Wo  know  that  this  process 
Roes  on  without  necessarily  involving  exercise  of  the  peculiar  functions  of  the  parts;  but 
it  is  no  loss  true  that  exercise,  or  work,  increases  the  actinty  both  of  nutrition  and  wear. 
This  is  one  of  the  great  principles  underlying  all  our  ideas  of  the  process  of  nutrition. 
We  shall  not  discuss  here  the  influence  of  work  ui)on  the  elimination  of  some  of  the 
nitrogenized  compounds,  particularly  urea,  for  we  have  already  examined  that  subject 
most  carefully  in  another  place ;  but  we  have  no  hesitation  in  stating,  as  a  general  law 
that  has  yet  to  meet  with  exceptions,  that  physiological  work  increases  excretion. 

Animal  Hcdt. 

The  process  of  nutrition  in  animals  is  always  attended  with  the  development  of  heat, 
and  it  produces  a  temperature  more  or  less  independent  of  external  conditions.  This  is 
true  in  the  lowest  as  well  as  the  highest  animal  organizations;  and  analogous  phenomena 
have  even  been  observed  in  plants.  In  cold-blooded  animals,  nutrition  may  be  suspended 
by  a  diminished  external  temperature,  and  certain  of  the  functions  become  temporarily 
arrcste<l,  to  be  resumed  when  the  animal  is  exposed  to  a  greater  heat.  This  is  tme,  to 
some  extent,  in  certain  warm-blooded  animals  that  periodically  i)as8  into  a  condition  of 
stupor,  called  hibernation ;  but  in  man,  and  in  nearly  all  the  warm-bloo<led  animals,  the 
general  temperature  of  the  body  can  undergo  but  slight  variations.  The  animal  heal  is 
essentially  the  same  in  the  intense  cold  of  the  frigid  zones  and  cmder  the  burning  sun  of 
the  tropics ;  and  if.  from  any  cause,  the  body  become  incapable  of  keeping  up  its  temper- 
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itttre  when  exposed  to  cold,  or  of  moderattDg  It  T^ben  exposed  to  heat,  death  is  the  iQvnri* 
ftUle  remit. 

The  producticm  «f  Aaimal  lit^at  is  so  closely  coDnected  with  nutrition,  that,  in  soritms 
pithological  motUlicationa  of  this  process,  &&  in  the  essential  fevers  or  extenBivo  luflntii- 
nuittoDSf  tilt*  lernperatiire  of  the  body  becomes  an  important  guide,  particularly  in 
prognosis, 

Tl:  !  iho  leropeniture  in  ditierent  cla«s>*o»  of  animals  present^t  very  ^* 

M,  b^  «r§  of  a  work  on  pure  huiiian  physiolojry  restrict  us  to  the  phui 

ob^crveci  in  rnan»  and  in  animals  in  which  the  proce8»eti  of  nutrition  are  sinalwr,  if  nol 
identical.  Wc  shall  therefore  treat  of  the  subject  from  one  point  of  view  and  ciinstdcr 
il  u  Ibllowa : 

1.  The  normal  lempcratore  in  the  human  subject^  with  its  variations  in  different  parts 
of  the  budy  and  at  different  periods  of  life. 

1  The    '  ifos  in  the  animal  temperature,  aud  the  relations  of  nlimenta* 

Haa,  digvf^i  : I,  nutrition,  exercise,  and  the  nervous  system. 

S.  The  m^iib  i*y  w  liich  the  temperature  of  the  body  is  kept  within  the  limits  neces- 
lary  to  the  presentation  of  life  and  health. 

LimiU  of  Variation  in  th^  Norwuil  Temperature  in  Man. — A  great  number  of  r>hser* 
valions  have  been  made  upon  the  normal  temperature  in  the  human  subject  under  differ- 
«at  conditions ;  but  wc  shall  cite  those  only  in  which  all  sources  of  «rror  in  thermometry 
mm  to  have  l)een  avoided^  and  in  which  the  residts  prt'st^nt  noticeable  pecurmritica. 
One  of  the  most  common  rnetliods  of  taking  the  general  tfiiipeniture  hns  been  to  intro- 
ihwi'  a  delicate  thennometcr,  carefully  protected  from  all  dibttjrbin;jr  conditions.  Into  tlju 
AiJlLi,  rt'nflinL»  off  the  degrees  after  the  mereury  bas  bi'come  absolutely  stationary. 
x\Wiy  all  t^b^ervatlons  made  in  this  way  agree  with  the  results  obtained  by  liavarret, 
wbo  eilimated  that  the  temperature  in  the  axilla,  in  a  perfectly  healthy  adidt  man,  in  ft 
lamficrate  dtraate,  ranges  between  977°  and  O9'o°  Fahr,  Dr.  Davy,  from  a  largo  nura- 
W  of  obtiervations  upon  the  temperature  under  the  tongue,  6ies  the  standard^  in  a 
temperAte  climate,  at  UH^  When  we  exaratne  the  temperature  of  the  blood  in  the  deeper 
voMek  and  the  variations  in  different  parts,  we  shall  see  that  the  axilla  and  the  tongue, 
k'bg  more  or  loss  exposed  to  eiterual  influences,  do  not  exactly  represent  tht*  genera) 
h*at  of  the  organism ;  but  these  are  the  situations,  particularly  the  axilla,  in  which  the 
t^inperatJire  is  mo*»t  fr^^^^nently  taken,  both  in  physiologioal  and  pathological  examina- 
tloii*.  A*  a  standard  for  comparison,  we  may  asfiume  that  the  most  common  temperature 
in  tl>e#e  tiiiUktttniis  ts  98"*,  subject  to  variations,  within  the  limits  of  health,  of  about  Q'H'* 
Mow  tmd  1*5*  above. 

T''  ^'rternal  Tifinptrature, — There  can  bo  no  doubt  that  the  general  tem- 

jfrati  varies,  though  within  very  restricted  limits,  with  extreme  changes 

in  clim.attv     The  results  obtained  by  Davy,  in  a  large  number  of  observations  in  temper- 

•i*  and  hot  climates,  show  an  elevation  in  the  tropics  of  from  0*5*"  to  8*,     It  is  well 

known,  also,  that  the  human  body,  the  surface  being  properly  protected,  is  capable  of 

•"^'^'*'  'or  some  minutes  a  heat  much  greater  than  that  of  boiling  water.     Under  these 

the  general  temperature  is  raised  but  very  slightly,  as  compared  with  tlie 

tt  of  the  sorroundinp  atmosphere.     According  to  the  observaliona  of  Dr.  Dob- 

Jijperature  was  only  rai^jed  to  09-5*  in  one  instance,  101*5'  in  another,  and  102° 

^vhen  the  body  was  eiyjosed  to  a  heat  of  more  than  212*'.     MM.  Delaroche 

hf.wever,  found  that  the  temperature  in  tbe  mouth  could  he  increased  by 

1'  *^t  after  sixteen  minutes*  exyn^sure  to  intense  heat.    This  was  for  the  external 

i ;.-       ... .  ;  but  it  is  not  at  all  probable  that  tlie  temperature  of  tlie  internal  organs  ever 

Qod«rfoe0  such  «xten^ive  variations. 

ft  b  r^rf  diffloiill  lo  esliniate  the  temperature  in  persons  exposed  to  intense  cold,  as 
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in  Arctic  explorations,  because  the  greatest  care  is  alwaje  t^ken  to  protect  the 
of  the  hody  as  completely  as  possible ;  but  ex{>eriments  have  shown  tliat  tlie  imtmal  lie 
may  be  considerably  reduced,  as  a  temporary  condition,  without  producing  death.    In  tiii 
latter  part  of*  the  la«$t  century^  Dr.  Carrie  caused  the  temperature  in  a  tnan  to  faU  15^ 
by  iimuersiOQ  in  a  cold  bath ;    but  he  could  not  bring  it  below  83''*     Thia  extremo ' 
depression,  however,  lasted  only  two  or  three  minutes^  and  the  temperature  afterward 
returned  tu  wilhiQ  a  few  degrees  of  the  normal  standard.     Nearly  the  Bame  results  were 
obtained  by  Iluntt'r,  in  a  series  of  experiments  on  a  mouse.     With  an  external  teirrperft* 
ture  of  <KJ"»  he  found  the  temperature  in  the  upper  part  of  the  abdomen  99%  and  in  thti 
pelvis,  96^,     The  animal  was  then  exposed  for  an  hour  to  a  oold  atmosphere  of  IH'',  andj 
there  waa  a  diminution  of  the  temperature  at  the  diaphragm  cf  16%  and  at  the  peKis,  of  j 
18^.    These  results  show  that,  while  the  normal  variations  in  tho  tem[»erature  in  the  huma 
subject,  even  when  exposed  to  great  climatic  changes,  are  very  slight,  generally  not  rang-^ 
ing  beyond  two  degrees,  the  body  may  be  exposed  for  a  time  to  excessive  heat  or  coid, ' 
i\in\  the  extreme  limits,  consij^tent  with  the  preservation  of  life^  may  be  reached*    As  far 
as  has  been  ascertained  by  direct  experiment^  these  limits  are  83""  and  107^ ;  giring « 
range  of  about  15^  below  and  9°  above  the  average  standard  under  normal  conditioDa. 

VanathM  in  Different  Parts  qfthe  B&*Jif, —li  is  to  be  expected  that  the  temperature 
nf  tlie  internal  organs  should  be  higher  and  more  constant  than  that  of  parta,  like  tJlo 
axUla  or  mouth,  more  or  less  exposed  to  loss  uf  heat  by  evaporation  and  contact  with 
the  cool  air;  and  the  differences  obi^erved  in  the  blood  in  certain  parts,  as  in  the  two 
sjdes  of  the  hearty  have  important  bearings,  as  we  s»hull  hereafter  show,  upon  the  various 
theories  of  animal  heat.  We  shall  here  simply  note  the  variations  observed  in  tho  blood 
in  different  situations  and  confine  ourselves  chiefly  to  lute  observations,  which  hare  gen- 
erally been  made  with  apparatus  much  more  reliable  and  delicate  than  that  which  WiS 
formerly  employed, 

A  great  number  of  exjieriment^  have  been  made  upon  modifications  in  temperaturs 
accompanying  the  general  change  of  the  blootl  from  arterial  to  venous ;  hut  p<?rhap«  Uie 
most  exact  and  elaborate  are  those  by  iL  Claude  Bernard.  For  measuring  the  tem|i«ra- 
ture  in  different  parts  of  the  vascidar  system,  he  used  the  exceedingly  delicate  "  metastatic '''' 
thermometers  of  M.  Walferdin ;  and  in  all  comparative  observations  he  cmjdoyed  the 
same  instrument,  introduced  successively  into  different  parts,  frequently  reversing  the 
order  and  employing  every  precaution  so  as  to  insure  perfectly  physiological  conditions. 
Tlie  prt^rninent  ^ikill  of  this  distinguished  observer  in  experimenting  upon  living  animals 
is  almost  in  itself  a  sufficient  guarantee  of  the  accuracy  of  his  results. 

It  is  universally  admitted  that  the  blood  becomes  slightly  lowered  in  its  temperatnr^ 
in  passing  through  the  general  capillary  circulation  ;  but  the  amount  of  difference  is  ordi- 
narily not  more  than  a  fraction  of  a  degree,  and  it  is  dependent,  in  all  probability,  up<»n 
external  conditions  and  the  evaporation  constantly  going  on  from  the  surface  of  the  body. 
This  fact  is  not  at  all  opposed  to  the  proposition  that  the  animal  heat  is  generated  in 
greatest  part  in  the  general  capillary  system,  as  one  of  the  results  of  nutritive  action ;  for 
tlie  blood  circulates  with  such  rapidity  that  the  heat  ac'juired  in  the  capillaries  of  the 
internal  organs,  wliere  little  or  none  is  lost,  is  but  slightly  diminished  before  the  duid 
posses  into  the  arteries,  even  in  circulating  through  the  lungs ;  and  the  evai»omtion  from 
the  surface  stmply  moderates  the  heat  acquired  in  the  tissues  and  keeps  it  st  tlie  projMir 
standard.  We  know  that  the  heat  of  the  body  is  equalized  by  means  o{  the  circulation 
and  by  cutaneous  transpiration;  and  all  comparative  observations  upon  the  temperature 
In  diffenent  parts  show  that,  whvre  it  is  not  subjected  to  refrigerating  influences^  Lb< 
blotMl  is  warmer  in  the  veins  tiian  in  the  arteries. 

The  elaborate  investigations  of  Bernard  have  demonstrated  that  the  blood  ia,  as  l]i# 
rule,  ft-om  O-SC*  to  1*8°  warmer  in  the  hepatic  veins  than  in  the  aorta.  The  temperft- 
ture  in  the  hepatic  reins  is  from  018*  to  1-44''  higher  than  in  the  portal  Teina.    These 


I 


ANIMAL  HEAT. 


509 


i  tesvli  of  oameroua  ex|>enmeiits  made  upon  dogsu  The  niastiinum  of  thirtT- 
U>ree  ohserTations  upon  the  temperature  in  the  aorta  was  106'8^  and  the  miniiuuiij,  U8'78**; 
the  maximam  of  tLirtr-two  observations  upon  the  portal  vein  was  106*34*,  and  the  tnini- 
miim,  lOO^Oi"" ;  the  niaximuin  of  thirty-five  observations  upon  the  hepatic  voinj*  was  lOT*^, 
isd  Ibr  :ii,  I)l»*86'.    Compared  with  the  aorta,  the  temperature  of  tho  portal  vein 

W*»  g'  'Jnd  to  be  higher  {raaximiim  of  difference,  0*9**> ;  but,  in  a  few  instances 

ifire  out  t>i  utieeiii,  it  Was  a  wry  little  lower,  which  h  explained  by  Bernard  upon  the  sup- 
jiiisirion  that  tlie  intestinal  canal  ia  not  entirely  removed  from  external  modifyinjL'  intlu- 
eDces.  These  re^ulta  £bow  that  the  blood  ooming  from  the  liver  is  warmer  than  in  any 
other  part  of  the  body. 

The  general  fact  that  the  superficial  partd  are  cooler  than  those  less  exposed  to  loea 
of  k«ai  by  evaporation  doe?  not  demand  extended  diiM?ttssion ;  but,  in  a  series  of  experi- 
l&entft  bjr  Rreschet  and  Bc?cquerel,  who  were  among  the  tir^t  to  employ  thernio^eleotjic 
jppttrattw  in  the  study  of  animal  heat,  it  was  found  that  the  cellular  tissue  wa.s  from  2*5* 
U)8*8°co«der  than  the  muscles.  This  dilYerence  will  be  readily  understood  when  we 
ftmsider  the  production  of  heat  in  the  general  system,  and  more  especially  in  the  highly- 
Oii^Qtied  part3. 

A  must  interesting  qoestlon,  in  this  connection,  relates  to  the  comparative  tempera- 

♦•-f^  f>f  ih*  blood  in  the  two  ftides  of  the  heart.     Upon  this  point  there  have  been  several 

'>  tintf  observations,  the  results  favoring  two  opposite  theories  of  cnlorifioation.     By 

'    -  t»een  tlumglit  that  the  blood  gains  heat  in  passing  through  tbe  lungs,  and  this 

'!   by  the  theory  of  the  direct  union,  in  these  organs,  of  oxygen   with  tho 

•  ns.     Others  suppose  that  tho  blood  is  slightly  retrigerated  in  the  air-cells. 

'  ns  here  involved  will  be  fully  discussed  in  connection  with  tho  theories  of 

'ciituiil  heat ;  and  we  shall  confine  oar&elves  at  preaent  to  a  etudy  of  the  experimental 

lid*. 

tt  IS  evident  that,  when  the  cheat  is  opened,  the  external  refrigerating  influences 

^hht  act  differently  upon  the  two  sides  of  the  hearty  particularly  as  the  right  ventricle 

i'  micU  thinner  than  the  left.     Tt  would  not  be  improper,  indeed,  to  exclude  alt  observa- 

'"'-14  ttiade  in  this  way,  and  to  depend  entirely  upon  experiments  in  which  the  phy*iologicid 

^  mdiiinns  ore  not  «o  palpably  violated,     Magendie  and  Bernard  introduced  delicate  Iher* 

"iniuitcr?  into  the  two  side**  of  the  heart,  through  tho  vessels  in  the  neck,  without  opening 

t*'Jt  [best.     These  experiments  were  made  upon  a  horse,  and  the  right  heart  was  alway* 

fuiaul  considerably  wanner  than  tbe  left.   Hering  introduced  a  thcmioraeter  into  the  cavi- 

tiHof  the  hoart  in  a  living  calf  aflccted  with  cardiac  ectopia.    The  tem[)eratnre  of  the 

H^U  «de  wag  102-T4^,  and  the  left  side,  101*79*'.     Georg  von  Liebig  inustrnted  one  of 

tit  lion roi>a  of  error  In  all  examinations  made  after  opening  the  chest,  by  filling  tbe  cavi- 

*i«^  of  the  heart  of  a  d4»g  WMth  warm  water,  placing  the  organ  in  a  water-bath,  and  bring- 

!  ^  to  precisely  tbe  same  temperatttre.     After  five  minutes'  exposure  t<»  tho 

J    inture  in  the  right  ventricle  waa  sensibly  lower  than  in  the  left^  which 

t-edly  dne  to  the  ditference  in  the  thickness  of  the  ventric^dar  walls.     The 

^  by  Bernard   himself  upon  dogs  and  sheep  are  very  conclusive,  as  far  as 

;ils  are  concerned.     In  dogs  he  found  a  dillerenoe  of  from  0*1°  to  0*2% 

r  of  the  right  side;    and  the  results  in  sheep  wero  nearly  the  same, 

■  ntM  are  only  indirectly  applicable  to  the  human  subject;  and  if  it  be 

ysi^t^u  thut.  in  ions  vary  with  **the  state  nf  the  skin,  the  digestive 

ipporat^s,  and  1 1  i  "  (Colin),  it  is  impossible,  in  the  absence  of  positive 

4iliioiuitration^  to  sat  what  ciiange  in  temperature,  if  any,  takes  place  in  the  blo4»d  in  its 

llircmgh  the  lungs.    The  only  reliable  observations  upon  this  point  in  man  are 

I  by  Pmf  Lombard,  of  Boston.    Prof.  Lombard  used  in  his  exiieriments  a  very 

"*--!'''*:»  and  delicate  thermo-electric  apparatus,  capable  of  indicating  a  difference  of 

f  a  dcj^ec  cent.     With  thh^  instrument,  he  was  able  to  determine  very  slight  varia- 

tn  tfaa  tenti^eratnrc  of  the  blood  in  the  arterial  system,  by  simply  placing  the  con- 
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doctors  over  any  of  the  6a|>eT%i^  Tesdels^  like  tlie  radial.  Of  conrse  it  19  im 
note  the  actual  ten^peratnre  in  the  two  sides  of  the  heart  in  the  human  subject  dnrl 
life;  bnt  Prof.  Lombard  endeavored  to  arrive  at  the  game  end,  by  calcalating  that,  if  al] 
the  sources  of  refrigeration  in  the  longs  were  artificially  removed,  the  blood  tn  the  arte- 
ries should  gaio  about  the  same  amount  of  heat  that  would  be  lost  under  urdiiiary  ecrndi* 
tions.  To  effect  this  object,  he  breathed  air  saturated  with  moisture  and  of  the  aamt 
temperature  aa  the  oireulating  blood.  "If,  then,  when  respiration  takes  plat?e  under 
ordinary  circnmstancea,  the  blood  is  cooled  one-third  of  a  degree  (cent.)  in  pa&^lng  through 
the  lungs,  the  temperature  should  be  raided  no  mneh ;  that  i»  to  say^  one-third  of  a  degree, 
when  we  respire  atr  at  the  temperature  of  the  blood  and  saturated  with  tho  vapor  of 
water,  all  loss  of  heat  then  being  impossible.^^  In  numerous  e^erimenta  performed  upon 
ihia  principle,  Prof.  Lombard  failed  to  observe  a  sutliciently  marked  elevation  of  tempers* 
ture  to  justify  the  conclusion  that  the  blood  is  ordimirily  cooled  in  pa^aing  through  th<i 
\m\g9.  These  experiments  cannot  be  so  positive  as  those  made  by  introducing:  ihvrinome- 
ters  into  the  heart  in  living  animals  without  opening  the  diest  or  disturbing  the  circula- 
tion ;  but  they  are  important,  in  connection  with  such  observations,  as  failiitg  to  prove 
that  the  blood  is  either  cooled  or  heated  in  the  lungs*.  From  these  facts  it  appear*  thai 
th^re  is  no  positive  evidence  of  any  change  in  the  temperature  in  the  blood  in  pa?^mg 
through  the  lungs  in  the  human  subject.  Id  animals  there  probably  exiet  no  constant 
ditFerences  in  temperature  in  the  two  sides  of  the  heart.  When  tlje  losa  of  heat  by  ih« 
general  surface  is  active,  as  in  aninrals  with  a  flight  covering  of  hair,  the  blood  is  g^^nor* 
ally  cooler  in  the  right  cavities  -  but^  in  animals  with  a  thick  covering,  that  probatly  Unv  a 
great  deal  of  heat  by  the  pulmonary  surface,  the  blocKi  is  cooler  upon  the  left  «ide.  Ther* 
can  be  no  doubt  that  there  are  refrigerating  influenceB  in  the  lungi,  bolh  from  the  I»nr 
temperature  of  the  inspired  air  and  from  evaporation ;  but  these  are  equalised  and  some- 
times overcome  by  processes  in  the  blood  itself,  although,  as  we  shall  aee  hereafter,  tho 
lungs  are  by  no  means  the  most  important  organs  of  calorification. 
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Variationa  at  Different  Periods  of  L%f€, — The  most  important  Tariations  in  the  tem- 
perature of  the  body  at  different  periods  of  life  are  observed  in  infants  just  af^er  btnli. 
Aside  from  one  or  two  observations,  w*hich  are  Admitted  to  be  exceptional,  the  \^\x  ol 
the  infant  and  of  young  niammalia  and  birds,  removed  from  the  mother^  presents  a  dum- 
nution  in  temperature  of  from  one  to  nearly  four  degrees.  In  infancy  the  ability  to  ri*«»l 
cold  is  less  than  in  later  years;  but  after  a  few  days  the  temperature  of  the  child  ne«rlT 
reaches  tho  standard  in  the  adult,  and  the  variations  produced  by  external  condiUona  IM 
not  50  great. 

The  erfieriments  of  W.  F.  Edwards  have  an  important  bearing  upon  our  ideas  of  nutri- 
tion during  the  first  perioils  of  extra-uterine  life.  lie  found  that,  in  ceriuin  aniniaK 
particularly  dogs  and  cats,  that  are  born  with  the  eyes  closed  and  in  which  the  foramen 
ovale  remains  open  for  a  few  day«,  tho  temperature  rapidly  diminished  when  I  hey  were 
removed  from  the  bo<ly  of  the  mother,  and  that  they  then  become  reduced  to  a  c*>nditk»ii 
approximating  that  of  cold-ldooded  animals;  but,  after  about  fifteen  days,  this  t*hango  in 
temperature  could  not  be  cflTected.  In  dogs  just  born,  the  temperature  fell  after  three  or 
four  hours^  separation  from  the  mother  to  a  point  but  a  few  degrees  above  that  of  the 
surrounding  atmosphere.  The  views  advanced  by  Edwards  are  folly  illustrated  in  in- 
stances  of  premature  birth,  when  the  animal  hent  is  much  more  variable  than  in  infanta 
at  term,  and  in  eases  of  persistCDce  of  the  foramen  ovale.  In  certain  instances  in  whicii 
life  has  been  i>rolonged  under  this  abnormal  condition,  the  individual  is  nearly  in  thu 
condition  of  a  cold-Mooded  animal.  We  can  also  understand  the  remarkable  power  of 
resistance  to  asphyxia  in  newly-lwm  animals,  for  it  is  well  known  that  cold-hlood«d  ani- 
mals wiil  bear  deprivation  of  oxygen  much  better  than  the  higher  eloasea. 

In  adult  life  there  does  not  appear  to  be  any  marked  and  constaint  Tariation  (n  tht 
normal  temperature ;  but,  in  old  age,  according  to  the  observations  of  Ilavy,  irhile  tJ}# 
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actual  temperature  of  the  bodj  is  Dot  notably  reduced^  the  power  of  resistrng  refrigerat- 
ing in^ueaces  i«  dinjiniahed  very  coaaiderably. 

TLere  are  no  positive  observations  showing  any  constant  differences  in  th*^  tempera- 
ture of  the  b(»dy  in  the  sexes ;  and  it  may  be  asi^nraed  that,  in  Uie  female,  the  animal 
hMtia  modified  by  the  aame  in^nences  and  in  the  same  way  aa  in  the  male. 

Diurnal  Variation*  in  the  Ttrnpertitxirt  of  the  Body, — ^Altbough  the  limits  of  variation 
Id  tho  animal  teroperature  are  not  very  extended^  cert^lD  tluctuations  are  obttervcd, 
d«?pending  npon  repose  or  activity^  dige^tiont  deep,  etc.,  which  it  jb  necessary  to  take 
oifo  account,  Theue  conditions,  which  are  of  a  perfectly  normal  character,  may  in- 
duce changes  in  the  temperature  amounting  to  from  one  to  three  degrees.  It  has  been 
ftBt'erloined  thai  there  are  two  wtll-marked  periods  in  the  day  when  the  beat  is  at  iU 
maximum*  These,  according  to  the  most  recent  observations  in  Germany,  are  at  eleven 
A.  At.  and  four  r.  m.  ;  and  it  is  a  curious  fact^  that^  while  all  obBervutioni*  ngi*ee  upon  this 
point,  the  very  elaborate  experiments  of  Lichtenfels  and  Frohllch  show  that  these  periods 
me  weU  marked,  even  when  no  food  is  taken.  UtlreDsprung  and  Ludrmje  farther  show 
that  the  fall  in  temperature  during  the  night  takes  place  f^leeping  or  waking;  aud  that 
«hcn  filee'p  is  taken  daring  the  day  it  does  not  disturb  the  period  of  the  maximum,  which 
occcr?  at  about  four  p.  m,  Aecording  to  these  experiments,  at  eleven  in  the  moraing, 
the  animal  heat  is  at  one  of  its  periods  of  maximum  ;  it  gradually  diminishes  for  two  or 
three  hours  and  is  raised  again  to  the  maximum  at  about  four  in  tlie  afternoon,  when  it 
(k^aln  undergoes  diminution  until  the  next  morning.  The  variations  amount  to  from  about 
r  to  2*1  tf,^     The  minimum  is  always  daring  the  tiight. 

llie  relations  of  the  animal  temperature  to  di^^estion  are  still  samewhat  indefinite.     It 
iiw^H  known  that  activity  of  the  digestive  organs  inereases  the  consumption  of  oxygen, 
anrl  lo  a  corresponding  degree,  the  exhalation  of  carbonic  acid;  but  we  have  to  nasume 
I  but  the  production  of  heat  is  in  direct  ratio  to  the  respiratory  action  in  order  to  estab- 
ti'^lt  Miy  relation  between  calorification  and  the  digestion  of  ordinary  food.     It  is  easy  to 
ralriihite  that  a  given  amount  of  oxygen  will  produce  a  definite  quantity  of  carbonic  acid^ 
.vud  itti!,  by  its  onion  with  carbon  and  hydrogen,  generate  a  certnin  number  of  **  units 
t'f  ralorti'  •  "  but  the  mechanism  of  the  production  of  animal  heat  is  too  complex  and  not 
Will  roongh  understood  to  admit  of  such  positive  reasoning.     There  is,  indeed,  no  experi- 
r*'  f.?  A  wrideoce  of  any  marked  and  constant  change  in  the  general  temperature  of  the 
turing  tlie  ordinary  procef^^s  of  digestion  ;  but  it  is  none  the  less  true  that  the  quan- 
UT  und  quality  of  food  bear  a  certain  relation  to  calorification.     Thii?  is  inevitable  from 
tlic  connection  of  animal  heat  with  the  general  process  of  nutrition  ;  but  this  relation  is 
nectiou  of  calorification  with  nutrition  of  the  tissues,  and  not  in  the 
inn  or  absorption  of  food.     We  shall  see  that,  when  nutrition  Is  modi- 
fieti  hy  aiimontution,  the  general  temperature  is  always  more  or  less  affected  ;  and  when 
\)\c  requirements  of  the  system,  as  far  as  the  generation  of  heat  is  concerned,  are 
d,  by  climat^j  or  otherwise,  alimentation  is  modified.     One  of  the  objects  of  ali- 
Kiiion  and  nutrition  is  to  inaintain  the  body  at  a  nearly  constant  temperature. 
The  inrtuence  of  defective  nutrition  or  inanition  upon  the  heat  of  the  body  is  very 
arki^L     John  Hunter,  in  his  cxperitnenU  upon  animal  heat,  made  a  few  observations 
on  thifl  point  and  noted  a  decided  fall  in  temperature  in  a  mouse  kept  fasting.    The 
DO  ]  I  were  also  observed  by  Col  lard  deMartigny;  and  Chossat  noted  the 

svtion  of  foo<l  uptm  the  power  of  maintaining  the  animal  temperature,  in 
lilt*  most  exact  and  satisfactory  manner.  In  pigeons,  the  extreme  diurnal  variation  in 
temperature,  under  normal  conditions,  was  found  by  Chossat  to  be  V^.^  During  the 
Iifogf4»«fl  of  inanition,  the  daily  variation  was  increased  to  S^i*,*"  w\i\\  a  sliglit  but  well- 
marked  diminution  in  the  absolute  temperature;  and  the  periods  of  minimum  tempera- 
topa  were  unusually  prolonged.  Immediately  preceding  death  trom  starvation,  the  dimi* 
ntiUom  in  temperature  becume  very  rapid^  the  rate,  in  the  observations  on  turtle-doves, 
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bein^  from  7°  to  ll**  per  hour.    Death  usually  occurred  when  the  diminiifioii 
aiiiountcHi  to  about  30^, 

When  the  Burrountling  conditions  call  for  the  development  of  an  unusuiil  amount  ol 
heat,  the  diet  is  always  modi fied,  hotb  as  regards  the  quantity  and  kind  of  food;  hi 
when  food  h  tnken  in  sulficieDt  quantity  and  is  of  a  kind  capal>le  of  maintAining  pro]ie] 
nutrition,  it;*  c* aupomtioD  does  not  afJeet  the  general  temperature.     If  we  were  to  odopi 
without  reserve  the  view  that  the  non-nitrogeDixed  alimentary  principles  are  the  bol 
agents  in  the  production  of  heat,  we  should  eertainly  be  able  to  determine  either 
inorease  in  the  animal  heat  or  a  greater  loss  of  heat  from  the  snrfacef  in  persons  partak* 
iDg  largely  of  this  kind  of  food.    This,  however,  tms  not  been  shown  to  be  true ;  and  thci 
temperature  of  the  body  seems  to  be  nniform  in  the  same  climate  even  in  persons  livini 
upon  entirely  different  kinds  of  food.     The  elaborate  observations  of  Dr.  Davy  are  vci 
conclusive  upon  this  point :  "  The  similarity  of  temperature  in  different  races  of  men  i;^  lb* 
more  remarkable,  since  between  several  of  them  whose  temperatures  agreed,  there  wnj 
nothing  in  common  but  the  air  they  breathed — some  feeding  on  animal  food  ahuo^l 
entirely,  as  the  Vaida — others  chiefly  on  vegetable  diet,  as  the  priests  of  Bomlho — and 
others,  as  Europeans  and  Africans,  on  neither  exclusively,  but  on  a  mixture  of  botli.*' 
Nevertheless,  the  conditions  of  external  tenrfperature  liavc  a  remarkable  influence  ujion  th* 
diet.     It  is  well  known,  for  example,  that^  in  the  heat  of  summer,  the  amount  of  meal 
and  fat  taken  is  relatively  small,  and  the  succulent,  fresh  vegetables  and  fruity  lArgc,  w 
compared  with  the  diet  in  the  winter.     But  although  the  proportion  of  starchy  matters 
many  of  the  fresh  vegetables  used  during  a  short  season  of  the  year  is  not  large,  the 
articles  are  equally  deficient  in  nitrogenized  matter.     During  the  winter,  the  ordinary 
diet,  composed  of  meat,  fat,  bread,  i>otatoes,  etc.,  contains  a  large  amount  of  nitrogenixe4 
substance,  as  well  as  a  considerable  proportion  of  the  hydron^arbons ;  and,  in  the  mm 
mer,  we  instinctrvely  reduce  the  proportion  of  both  of  tliese  varieties  of  principles,  thi 
more  succulent  articles  taking  their  place.    This  is  even  more  strikingly  illustnited  by 
comparison  of  the  diet  in  the  torrid  or  temperate  and  in  the  frigid  zone.     Under  tlie  head, 
of  alimentation,  we  have  already  noted  the  prodigious  quantities  of  food  consumed  in  th 
Arctic  rt^gions  and  the  effect  of  the  continued  cold  upon  the  habits  of  diet  of  personi 
accustomt*d  to  a  tcmi>erate  climate.     It  is  stated,  upon  undoubted  authority,  that  the  dail, 
ration  of  thr  Esquimaux  is  from  twelve  to  fifteen  pounds  of  meat,  about  one-tliird  ol 
which  is  fat.     Dr.  Hayes,  the  Arctic  explorer,  noted  tbat^  with  a  temperature  rangini 
from  —60°  to  —70,°  there  was  a  continual  craving  for  a  strong,  animal  diet,  piirticularly] 
fatty  substances.     Some  of  the  members  of  the  party  were  in  the  habit  of  drinking  th 
contents  of  the  oll-kettlc  with  evident  relish. 

Under  such  conditions  as  those  which  surround  inhabitants  of  temperate  regions,  laj 
passing  into  tlie  frigid  zones  a  change  in  diet  is  imperatively  demanded,  in  order  to  kec] 
the  animal  temperature  at  the  proper  standard ;  but,  when  the  cHmate  as  changed  from 
the  temperate  to  the  torrid,  the  habits  of  life  frequently  remain  the  same.  It  is  a  i>retty 
general  opinion  among  physicians  who  have  studied  tlie  subject  specially,  that  many  of 
the  peculiar  disorders  that  affect  those  who  have  changeil  their  residence  from  a  temper- 
ate to  a  very  warm  climate  are  due,  in  a  great  measure,  to  the  fact  that  the  diet  and  hah- 
its  of  life  are  unchanged. 

The  influence  of  alcoholic  beverages  upon  the  animal  temperature  has  been  studied] 
chiefly  with  reference  to  the  r|uestion  of  their  use  in  enabling  the  s^vslem  to  rei'ist  exces-, 
sive  cold.  Wo  have  already  discussed  somewhat  fully  the  p by t^i ©logical  cffvrte  iif  alcohol, 
and  we  have  seen  that  its  use  docs  not  enable  men  to  endure  a  very  low  temperuture  for 
a  great  length  of  time.  This  is  the  universal  testimony  of  scientific  Arctic  explorers ;  and; 
Dr.  Hayes  particularly  states,  that,  **in  almost  any  shape,  it  is  not  only  completely 
nsele«s8,  but  positively  injurious," 

The  relations  of  animal  heat  to  respiration  and  nutrition  constitute  a  most  interesting^ 
and  important  division  of  the  subject,  which  will  be  more  fully  considered  in  dii 
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i  T8iflo!!9  theories  of  calorification.  As  a  ruk>,  when  the  respirfttorr  ftctiritr  ia  phjsio- 
lt»gicailj  increuijed,  as  it  is  by  exercise,  bodily  or  mental^  iniJ^cBtioa  uf  food,  or  by  dimin- 
ished cxtemftl  temper  ft  ttire,  the  gorioration  of  heat  in  the  body  is  corrc»[)ondint?lj  AUg- 
roented ;  and,  on  the  other  hand,  it  ia  diminished  by  conditions  which  physiologically 
iltHjrcaao  tlio  abiiorption  of  oxygen  and  the  exhalation  of  carlionici  acid* 

The  relations  of  animal  heat  to  the  general  prf»cos»  of  nutrition  are  most  mtimate. 
Any  eondition  that  iucreasea  the  activity  of  nutrition  and  of  disaasimilatiou,  or  e^en  any 
thing  that  iocreasea  disasaimilation  alone,  will  increase  the  production  of  heat.  The 
rererM  of  this  proposition  is  equally  true.  In  pathology,  the  heat  of  the  body  may  he 
taorviadd  by  a  deficient  action  of  the  akin  in  keeping  down  the  temperature,  without  any 
ideroise  in  the  activity  of  calorification. 


^1 


Injltumes  ftf  Ei^eiMe,  tte,^  vpon  the  Heat  af  the  Bodij.—The  influence  of  muscular 
rity  upon  animal  heat  ia  peculiarly  interesting  in  connection  with  the  theories  of  calori- 
ion»  from  the  fact  that  the  muscular  system  constituted  the  greatest  part  of  the  organ- 
iiia;  and,  as  has  repeatedly  been  shown  by  experiment,  a  mascle  taken  from  a  living 
immal  is  not  only  capable  of  contraction  upon  the  application  of  a  stiraulusj  but  it  will 
perform  for  a  time  certain  of  the  acts  of  nutrition  and  disassimilation,  such  as  the  appro- 
pTiAtiou  of  oxygen  and  the  generatifm  and  exhalation  of  carhonie  acid. 

The  most  complete  repose  of  the  muacular  system  ia  observed  during  sleeji,  when 
btfdly  any  of  the  muscles  are  brought  into  action,  except  those  concerned  in  tranquil 
THpiration*  There  ia  always  a  notable  diminution  in  the  general  temperature  at  thi» 
lime.  This  fact  has  been  observed  by  all  who  have  studied  the  question  experimentally* 
!&lhe  diurnal  variations  in  the  temperature  of  the  body^  the  minimum  is  always  during 
Ihi  night ;  and,  as  we  have  already  seen,  this  is  not  entirely  dependent  upon  sleep,  for  a 
dipittsioQ  in  temperature  is  constantly  observed  ut  that  time,  even  when  sleep  is  avoided. 
k  la  a  matter  of  common  observation,  that  uoe  of  the  most  efficient  methods  of 
rt^iitiog  the  depressing  iniluence  of  cold  is  to  constantly  exercise  the  mustdes;  and  it 
ii  Weil  known  that>,  after  long  exposure  to  intense  cold,  the  tendency  to  sleep,  which 
Iteconif^a  almost  irresistible,  if  indulged  in,  ia  followed  by  a  very  rapid  loss  of  heat  and 
»bDo*t  certain  death.  It  ia  not  necessary  to  cite  the  accounts  of  travellers  and  othera  in 
W|»pc>rt  of  thode  facts.  In  some  anhnals,  the  amount  of  increase  in  the  temperature 
'^  nlar  activity  U  very  great,  and  tliis  is  notably  markr^d  in  the  class  of  inseeta. 

I;  micnt*  of  Newport,  upon  bees  and  other  insects  a  dillVrem'o  of  about  27°  was 

Mt<i  Imtween  the  conditions  of  complete  repose  and  great  muscular  activity.  These 
twti  are  interesting,  as  showing  the  very  great  elevation  of  temperature  that  can  be 
prodaced  in  the  lower  order  of  beings  during  violent  excitement ;  hut,  in  man,  the  differ- 
«ct«|  aUhoiigh  distinct,  are  never  very  considerable,  for  the  reason  that  violent  muscular 
ttertion  h  generally  attended  with  greatly-increased  action  of  the  akin,  which  keeps  the 
hmt  of  Um)  body  witldn  very  restricted  limits.  In  the  experiments  of  Newport,  the  loss 
of  hisai  from  the  surface  was  arrested  by  cnnfininj^'  the  inser^ts  in  suudl  glass  bottles. 

The  etfectH  of  active  exercise,  as  in  fast  walkioii  or  riding,  were  very  well  observed 
^«5  l)r.  THrr,  lie  found  a  constant  elevation  in  the  general  temperature  (taken  under 
tbiitongut*),  amounting  to  between  one  nnd  two  degrees;  but  the  most  marked  effects 
tt.  r^  observed  in  the  extremities,  espociaUy  when  they  were  cold  before  taking  the 


i  [jc  elevation  in  temperature  tliat  attends  muscular  action  is  produced  directly  in  the 

fub«tanc«  of  the  muscle.     Thin  important  fact  wr&  settled  by  the  very  interesting  and 

nior  M?nts  of  Becquerel  and  Breschet.     Introducing  a  tliermo-electrio  needle 

a  man  who  used  the  arm  in  sawing  wood  for  five  minutes,  these  physi- 

notvd  fin  elevation  of  temperature  of  one  degree  centigi'ade  (nearly  two  degrees 

The  jtrofluction  of  heat  in  the  muscular  tissue  was  even  more  strikingly  illua- 

!  %irt»d  by  Mftttetioci,  in  erperimenta  witk  portions  of  muscle  from  the  frog,    Kot  only 
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did  he  observe  ab«orption  of  oxygen  and  exhalation  of  carlKmic  acid  afrcr  itie  niD 
been  removed  from  the  body  of  the  animal,   but  be  noted  an  elevation  in  tcriij 
ture  of  about  one  degree  Fahr,^  following  contractions  artificially  excited. 

It  id  useless  to  multiply  citations  of  experiments  illustrating  the  facta  above  noted  or 
to  disMJuas  elaborately  the  theoretical  transformation  of  a  given  quantity  of  caloric  intc 
a  definite  and  on  invariable  amount  of  work.     The  conditions  in  the  animal  economy  are 
Buch  that  we  cannot  exactly  appreciate  the  loss  of  heat  by  the  cutaneous  and  respirator 
surfaces ;  nor  can  we  follow  the  processes  in  the  body  which  involve  the  di»appt.arnnf€ 
of  oxygen  and  the  evolution  of  carbonic  acid ;   the  exact  changes  undergone  by  the 
hydro-carboniiceous  elements  of  food  and  constituents  of  tlie  body ;  the  amouut  of  beat! 
involved  in  the  changes  of  the  nitrogeiiized  elements  ;  and,  in  short,  we  cannot  make  j 
the  corrections  that  are  absolutely  necessary  before  we  can  hope  to  reduce  the  questioaJ 
•of  the  oxidation  of  certain  principles  in  tlie  body^  the  development  of  heat,,  and  thdl 
generation  of  mechanical  force,  to  exact  mathematical  calcnlation. 

Observations  upon  the  inflaence  of  mental  exertion  on  the  temperatnre  of  the  bodjd 
have  not  been  so  nuraerousj  but  they  are,  apparently,  no  less  exact  in  their  results,     Dr^ 
Davy  was  the  first  to  make  any  extended  experiments  npon  this  point  and  has  noted  H-l 
eljght  but  const tmt  elevation  during  "  excited  and  sustained  attention/'     The  hame  lill#J 
of  observation  has  been  followed  by  Prof,  Lombard,  who  employed  much  more  exae 
methods  of  investigation.     Prof.  Louibard  noted  an  elevation  of  temperatnre  in  the  head 
during  mental  exertion  of  various  kinds,  but  it  was  slight,  the  highest  rise  not  exc^?eding 
tlie  twentieth  of  a  degree.     It  is  stated,  also,  that  the  temperatnre  of  the  IkhJv  is  increaiied  j 
by  the  emotions  of  hope,  joy,  anger,  and  all  exciting  passions,  while  it  is  diiuinrslied 
by  fear,  fright,  and  mental  distress.     Burdach,  fh)m  whom  the  foregoing  statement  ii 
taken,  cites  an  example  of  an  elevation  of  temperature  from  96°  to  ft9'6°  in  a  violent 
access  of  anger,  and  a  descent  to  92 'TS*^  under  the  influence  of  fear,  but  the  temperatnrii 
soon  returned  to  97*25*. 

The  nervous  system  exerts  a  most  important  influence  over  the  animal  temperature,^ 
as  it  modifies  the  circulatioD  and  the  nutritive  processes  in  particular  parts.     The  most  J 
interesting  of  these  influences  are  transmitted  through  the  sympathetic  system*     The» 
will  be  discussed,  to  a  certfiin  extent,  in  connection  with  the  theories  of  cadoriflcatioD  ;4 
but  they  cannot  Ijc  taken  up  fully  until  we  come  to  consider  the  functions  of  the  sytnjift^ 
thetic  system  and  its  relations  to  nutrition.     In  this  connection,  we  shall  simply  alludi^ 
to  certain  phenomena  manifested  through   the  nervous  system,  without  attempting  Ut 
fully  exjjlain  their  mechanism. 

It  is  well  known  that,  when  the  sympathetic  nerves  going  to  a  particular  part  are 
divideJ,  the  arterial  coats  are  j>aralyzed  and  dilated,  the  supply  of  blood  is  incrvaseil, 
nutrition  is  locally  exaggerated  and  niore  or  less  modified,  and  the  temperature  of  tbo 
part  is  increased  by  from  five  to  ten  degrees.  An  illustration  of  these  facts  in  the  eiif 
of  the  rabbit,  after  division  of  the  sympathetic  in  the  neck,  is  a  very  common  observa- 
tion, which  we  have  often  verified  in  public  demonstrations.  All  of  these  unnatural 
phenomena  dtj^appear  upon  galvanization  of  the  divided  extremity  of  the  nenre.  Thesn 
local  modifications  in  the  temperatnre  have  been  frequently  observed  pathologically  in 
the  human  subject.  A  number  of  etirimis  local  variations  of  temperatnre  can  be  explained 
by  direct  or  reflex  action  through  the  syrnputlietic  nerves-  ♦ 

It  is  evident  that,  if  animal  heat  he  one  of  the  necessary  attendant  phenomena  of 
nutrition,  it  must  be  greatly  influenced  by  conditions  of  the  circulation.  It  has  been  a 
question,  indeerl,  whether  the  modifications  in  temperature  produced  by  operating  upon 
the  sympathetic  system  of  nerves  be  not  due  entirely  to  changes  in  the  smpply  of  blood. 
It  is  certain  that  whatever  determines  an  iucreajsed  supply  of  blood  to  any  part  raises 
the  temporature ;  and,  whence  er  the  quantity  of  blood  in  any  organ  or  part  is  consid- 
erably diminished,  the  temperature  is  reduced.  This  fact  is  constantly  illustrated  in 
operations  for  the  deligation  of  large  arteries.     It  is  well  known  that^  after  tying  a 
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Urge  vessd,  the  atmoBt  ciire  is  necessary  to  keep  up  the  temperature  of  the  part  to 
which  it*  branches  are  distributed,  until  the  anastomosing  vessels  become  enlarged 
•ufficlentlj  to  supply  the  amoiiut  of  blood  necessary  for  healthy  nutrition. 


Sources  of  Animal  Heat, 

The  most  interesting  question  connected  with  calorifcation  relates  to  the  ^uurce:* 
of  heat  in  the  living  organism ;  and  a  careful  estimate  of  the  physiological  value  of 
h1  "i  that  have  been  positively  establliihed  with  reference  to  tliis  point  places 

t  i;:  proposition  beyond  any  reasonable  doubt: 

llie  generation  of  heat  in  the  living  animal  organism  is  connected,  more  or  less 
iiitimat«ly^  with  all  of  the  processes  of  nutrition  and  disassimliation^  including,  of  course, 
the  consumption  of  oicygen  and  the  production  of  carbonic  ucid;  and  this  function  is 
modified,  to  a  greater  or  leas  degree^  by  all  conditions  that  indueuce  the  general  process 
ot  aotrition  or  the  operation  of  the  nutritive  forces  in  particular  parts> 

This  proposition  is  not  contradicted  by  any  well-settled  physiological  facts  or  princi- 
ples Every  on©  of  the  functions  of  the  lK>dy  bears  more  or  less  cU»aely  upon  nutrition ; 
iDil  all  tb«  physiological  raoditicntions  of  the  various  functions,  without  exception^ 
iffect  the  process  of  calorification.  AVe  must  bear  in  mind  the  fact  that,  in  man  and  in 
the  warm-blooded  animals  generally,  the  mainteDance  of  the  temperature  of  the  organism 
«t  a  nearly  fixed  standard  is  a  necessity  of  lile  and  of  the  physiologioal  action  of  the 
different  piirts ;  and  that,  while  heat  is  generated  in  tlie  organism  with  an  activity  that 
[_ji  eon«itantly  varying,  it  is  as  constantly  counterbalanced  by  physiological  loss  of  heat  from 
cutaneous  and  the  respiratory  surfaces.  Variations  in  the  activity  of  calorification 
not  to  be  measured  by  corresponding  cbangeni  in  the  temperature  of  the  body,  but 
ftre  to  be  estimated  by  calculating  tbe  amount  of  heat  lost.  The  ability  of  the  human 
f»c©  to  live  in  all  climates  is  explained  by  tbe  adaptability  of  man  to  dilFerent  conditions 
of  diet  and  exercise,  and  to  the  power  of  regulating  loss  of  heat  from  the  surface  by 
appropriate  clothing* 

Our  proposition  regarding  tbe  production  of  animal  heat  is  in  no  wise  opposed  to  the 
lied  combustion -theory,  as  it  is  received  by  most  physiologists  of  the  present  day ; 
Dt  it  must  be  admitted  that  it  is  an  unfortiToato  ase  of  terms  to  apply  the  name  com- 
bastion  to  the  general  process  of  nutrition,  as  is  done  by  thoso  who  attempt  to  preserve, 
not  only  tbe  ideas  of  the  great  author  of  this  theory,  but  certain  modes  of  expression, 
_irhi^h  were  in  accordance  only  with  liis  limited  knowledge  of  the  phenomena  of  mitri- 
If  we  speak  of  animal  heat  as  the  result  of  combustion  of  certain  elements,  it 
ill  be  necessary  either  to  refer  constantly  to  tlie  difference  between  combustinu  as  it 
ooeurs  in  the  organism  and  mere  oxidation  out  of  the  body^  or  to  start  with  a  full 
definition  of  what  is  to  be  tmderstood  by  the  term  physiolo^cal  combustion,  which 
r^uces  itself  simply  to  n  definition  of  nutrition.  Regarding  calorification,  then,  as  con- 
nected with  all  of  tbe  varied  processes  of  nutrition,  it  remains  for  us  to  determine  the 
following  questions: 

L  In  what  part  or  parts  of  the -organism  is  heat  generated? 
^What  is  the  relative  importance  in  calorificatinn,  as  regards  the  amount  of  beat 
ni,  of  the  processes  of  nutrition,  as  we  can  study  them  separately  t 
That  are  the  principles  invariably  and  of  necessity  consumed  and  produced  in  the 
organUra  in  calorification ;  and  what  is  the  relative  importance  of  the  principles  thus 
ecniTamed  and  the  products  thus  generated  and  thrown  off? 

4.  How  far  have  we  been  able  to  follow  those  material  transformations  in  tbe  organ- 
ism which  involve  the  consumption  of  certain  principles,  the  production  of  new  com- 
pound«,  and  the  generation  of  heatt 

Seat  &/  the  Production^  of  Animal  HeaL — Few  if  any  physiologista  at  the  present 
dij  bold  to  the  opinion  that  there  is  any  part  or  organ  in  the  body  specially  and 
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did  he  oitscrve  abgo^ffl^orfftjrgen  and  i^xliAlatlon  of  carbonio  acid  after  tbe  muscle  ImF 
been  removed  from  the  body  of  the  iminial,  but  he  nuted  an  elevation  in  tempem- 
ture  of  about  one  degree  Fahr^  following  contractions  artilicially  excited. 

It  i&  usele^  to  multiply  citations  of  experiments  ill ii titrating  the  facts  above  noted  or 
to  discuss  elidiorateiy  the  theoretical  transfonuation  of  a  given  quantity  of  caloric  Into 
a  definite  and  an  invariable  amonnt  of  wurk.  The  conditions  in  the  animal  economy  arc 
such  that  we  cannot  exactly  appreciate  the  loss  of  heat  by  the  cutaneous  and  respiratory 
iurfaees ;  nor  can  we  follow  the  processes  in  the  body  which  involve  the  disappearnnec 
of  oxygen  and  tbe  evolution  of  carbonic  acid;  the  exact  changes  undergone  by  the 
hydro- carbonaceous  elements  of  food  and  constituents  of  the  body ;  the  amount  of  hciu 
involved  in  the  changes  of  tbe  nitrogeuized  elements ;  and»  in  shorty  we  cannot  make 
the  corrections  that  are  absolutely  necessary  before  we  can  hope  to  reduce  the  queitioQ 
of  the  oxidation  of  certaio  principles  in  tbe  body,  the  development  of  heut,  and  tbe 
generation  of  mechanical  force,  to  exact  mathematical  calculation. 

Observations  upon  the  influence  of  mental  exertion  on  the  temperature  of  the  body 
have  not  been  m  numeroua,  but  they  are^  apparently,  no  less  exact  In  their  results.  Dr. 
Davy  was  tlie  first  to  make  any  extended  experiments  upon  this  point  and  lias  noted  a 
slight  but  constant  elevation  dnritig  '*  excited  and  susttuned  attention,'^  The  t*ame  line 
of  observation  has  been  followed  by  Prof.  Lombard,  who  employed  much  more  exact 
metliods  of  investigation.  Prof.  Lombard  noted  an  elevation  of  temperature  in  tlie  bead 
duriug  mental  exertion  of  various  kinds,  but  it  was  slight,  the  highest  rise  Dot  exceeding 
the  twentieth  of  a  degree.  It  is  stnted,  also,  that  the  temperature  of  the  body  is  increa^^ 
by  the  emotions  of  hope,  joy,  anger,  ant]  all  exciting  passions,  wliiJe  it  is  ditniniabed 
by  fear,  fright^  and  mental  distress.  Burdach,  from  whom  the  foregoing  statement  ia 
taken,  cites  an  example  of  an  elevation  of  temperature  from  96*  to  99  5"  in  a  violent 
access  of  anger,  and  a  descent  to  92'75°  under  the  influence  of  fear,  hot  the  temperaYorc 
soon  returned  to  OTio". 

The  nervoTis  system  exerts  a  most  important  influence  over  the  nnimal  temperafiire. 
as  it  modifies  the  circulation  and  the  notritive  processes  in  particular  parts.  The  mo^t 
intoresting  of  these  influeooes  are  transmitted  through  the  sympathetic  $j$tc  m.  Thest* 
will  be  discussed,  to  a  certain  extent,  in  connection  with  the  theories  of  calorific  at  ioo ; 
but  they  cannot  be  taken  up  fully  tmtii  we  come  to  consider  the  functions  of  the  synipa* 
thetic  system  and  its  relations  tu  nutrition.  In  this  connection,  we  shall  simply  allude 
to  certain  phenomena  mimifested  through  the  ner^'ous  system,  without  attempting  to 
fully  explain  their  mechanism. 

It  is  Well  known  that,  when  the  sympathetic  nerves  going  to  a  particular  part  are 
divided,  the  arterial  coats  are  paralyzed  and  dilated,  the  supply  of  blood  is  in^-nas^, 
nutrition  is  locally  exaggerated  and  more  or  less  modified,  aud  the  temjierature  of  llie 
part  is  iDcreased  by  from  five  to  ten  degrees.  An  illustraticrn  of  these  facts  in  the  #ar 
of  the  rabbit,  after  division  of  the  sympathetic  In  the  neck,  ia  a  very  common  observa- 
tion, which  we  have  often  verified  in  public  demonstrations.  All  of  these  unnattiral 
phenomena  disappear  upon  galvanization  of  the  divided  extremity  of  the  nerve.  The»e 
local  modifications  in  the  temperature  have  been  frequently  observed  patholi>gi tally  In 
the  human  subject,  A  number  of  curious  locul  variations  of  temperature  con  lie  expialaod 
by  direct  or  reflex  action  through  the  sympathetic  nerves.  ♦ 

It  is  evident  that,  if  animal  heat  be  one  of  the  necessary  attendant  phenomena  of 
nutrition,  it  must  be  greatly  influenced  by  conditions  of  the  circulation.  It  has  been  a 
question,  indeefl,  whether  the  modifications  in  temperature  produced  by  operating  upon 
the  aympftthetic  system  of  nerveji  be  not  due  entirely  to  changes  in  the  tmpply  of  blood* 
It  is  certain  that  whatever  determines  an  increased  supply  of  blood  to  any  part  raisaa 
the  temperature ;  and,  whenever  the  qonntity  of  blood  in  any  organ  or  pur  ^id- 

eraldy  diminished,  the  temperature  is  reduced.    This  fact  is  constantly  i  -  in 

operations  for  tlie  deligation  of  large  arteries.     It  is  well  known  that,  ail«?r  tying  a 
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hrg6  venel,  the  otniost  care  la  necessary  to  keep  up  the  temperatoro  of  the  part  to 
flrhich  ita  branches  are  distributed,  until  the  anastomosing  vessels  become  enlarged 
saffitiioatlj  to  9uppijr  the  amount  of  blood  necessary  for  healthy  nutrition. 

tSourccs  of  Animai  HeaL 

The  most  interesting  question  connected  with  calorification  relates  to  the  sources 
of  heat  in  the  living  organism ;  and  a  caretul  estimate  of  the  physiological  value  of 
all  the  facts  that  have  been  positively  established  with  reference  to  this  point  places 
the  following  proposition  beyond  any  reasonable  doubt: 

The  generation  of  heat  in  the  living  aoimal  orgauisni  is  connected,  more  or  leas 
Intiiisatt^ly,  with  all  of  the  processes  of  niitritiuo  and  disassimitatioUi  including,  of  course, 
the  oonsuroption  of  oxygen  aud  the  production  of  carbonic  ucid;  and  this  function  ia 
modified^  to  a  greater  or  leas  degree,  by  all  conditions  that  intlueuce  the  general  process 
of  mitrition  or  the  operation  of  the  nutritive  forces  in  particular  partij. 

This  proposition  is  not  contradicted  by  any  well-settled  physiological  facts  or  princi- 
ples. Every  one  of  the  functions  of  the  body  bears  more  or  less  closely  upon  nutrition ; 
till  the  physiologteal  modifications  of  the  various  functions,  without  exception, 
t  the  process  of  calorification.  We  must  hear  in  mind  the  fact  that,  in  man  and  in 
the  warm-blooded  animals  generally,  the  maintenance  of  the  tcm|>eratare  of  the  organism 
Hi  a  nearly  fixed  standard  is  a  necessity  of  life  and  of  the  physiological  action  of  this 
liiffercnt  parts ;  and  that,  while  beat  is  generated  in  the  organiam  with  an  activity  that 
ta  constantly  varying,  it  is  as  constantly  counterbalanced  by  physiological  loss  of  heat  from 
the  cutaneous  and  the  respiratory  surfaces.  Variations  in  the  activity  of  calorification 
are  not  to  be  metumred  by  corresponding  chan^^es  in  the  temperature  of  the  body,  bat 
4re  U)  be  estimated  by  calculating  the  amount  of  heat  lost*  The  ability  of  the  human 
nee  lo  lire  in  all  climates  Is  explained  by  the  adaptability  of  man  to  diterent  conditions 
of  diet  and  exercise,  and  to  the  power  of  regulating  lo^s  of  heat  from  the  surface  by 
appropriate  clothing. 

Our  proposition  regarding  the  production  of  animal  heat  is  in  no  wise  opposed  to  the 
*i»^atled  combust  ion -theory,  as  it  is  received  by  most  physiologists  of  the  present  day; 
but  it  must  be  admitted  that  it  is  an  unfortunate  use  of  terms  to  apply  the  name  com- 
hnstion  to  the  general  process  of  nutrition,  as  is  done  by  those  who  attempt  to  preserve, 
trot  only  the  ideas  of  the  great  author  of  this  theory,  but  certain  modes  of  expression, 
which  were  in  accordance  only  with  his  limited  knowledge  of  the  phenomena  of  nutri- 
tion. If  we  speak  of  auimal  heat  as  the  result  of  combustion  of  certain  elements,  it 
will  be  necessary  either  to  refer  constantly  to  the  difference  between  combustion  as  it 
occurs  in  the  organism  aud  mere  oxidation  out  of  the  body,  or  to  start  with  a  full 
definition  of  what  is  to  be  understood  by  the  term  physiological  combustion,  which 
reduces  itself  simply  to  a  definition  of  nutrition.  Regarding  calorificrttion,  then,  as  con- 
nected with  all  of  the  varied  processes  of  nutrition,  it  remains  for  us  to  determine  the 
following  questions : 

1,  In  what  part  or  parts  of  the -organism  is  heat  generated? 

2.  What  is  the  relative  importance  in  calorification,  as  regards  the  amount  of  heat 
leratetl,  of  the  processes  of  nutrition,  as  we  can  study  them  separately  ? 
S,  What  are  the  principles  invariably  and  of  necessity  consumed  aud  produced  in  the 

organiam  in  calorification;  and  what  is  the  relative  Importance  of  the  principles  thus 
Cuosnmed  and  the  products  thus  generated  and  thrown  off? 

4.  How  (&r  have  we  been  able  to  follow  those  material  transformations  in  the  organ- 
WTL  whirh  involve  the  consnniption  of  certain  principles,  the  production  of  new  com- 
puunds,  and  tlie  generation  of  heat  f 

Seal  <jf  the  Produetiof^  0/  Animal  Heat. — Few  if  any  physiologists  at  the  present 
day  hold  to  the  opinion  that  there  is  any  part  or  organ  in  the  body  specially  and 
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exclujively  concerned  in  the  production  of  boat.  In  the  earlj  history  of  the  oxidatlon- 
theorj  of  Lavoieier,  it  was  thought  by  sorae  that  the  inspired  oxvgen  combined  with 
the  hydro-carbons  of  the  blood  in  the  lungs^  and  that  the  heat  of  the  body  was  gener- 
ated almost  escUifiively  in  these  organs ;  but  this  idea  has  long  since  been  abandoned. 
Wo  have  already  fully  considered  the  question  of  tbe  loss  or  gain  in  the  temperature  of  Ihe 
blood  in  its  passage  through  the  langs,  iind  we  have  seen  that  there  is,  to  say  the  ]eMt^ 
no  constant  elevation  showing  a  generation  of  heat  in  these  organs,  sufficient  to  warm 
the  bluod,  and  through  it  the  different  parts  of  the  body.  If  we  find  thot  the  blood  in 
coming  from  the  lungs  has  about  tbe  same  temperature  as  when  it  entered  these  orgftna, 
it  must  be  admitted  that  there  is  a  certain  generation  of  heat  to  compensate  the  loss  by 
evaporation  from  the  pulmonary  surface.  As  far  as  we  know,  the  heat  that  results  from 
the  mere  physical  solution  of  oxygen  in  the  blood  is  all  tliat  is  produced  in  the  lungs.  There 
Is  no  sufficient  evidence  to  show  that  the  lungs  are  special  organs  of  calorification  ;  and 
any  generation  of  heat  that  takes  place  here  is  due,  probably,  to  purely  physical  phe- 
nomena in  the  blood. 

It  is  only  necessary  to  refer  back  to  the  pages  treating  of  the  variations  in  the  letn- 
perature  of  tbe  blood  in  different  parts,  to  show  that  heat  is  produced  in  the  general  sys- 
tem and  not  in  any  particular  organ  or  in  the  blood  as  it  circulates.  The  experiraenis 
of  Matteucci,  showing  an  elevation  of  temperature  in  a  muscle  excited  to  contractiom 
after  it  had  been  removed  from  the  body,  and  the  observations  of  Becquercl  and  Bre- 
Bchet,  showing  increased  development  of  heat  by  muscular  contraction,  are  suCftctent 
evidence  of  the  production  of  heat  in  tlie  muscular  system;  and,  inaKuiuch  as  tlie  muscles 
constitute  by  far  the  greatest  part  of  the  weight  of  the  body,  they  are  a  most  iniport4ii^t 
source  of  animal  heat. 

It  has  been  demonstrated,  by  the  experiments  of  Bernard,  that  the  blood  becomes 
notably  wanner  in  passing  through  the  abdominal  viscera.  This  is  particularly  njark<;d 
in  the  liver,  and  it  shows  that  the  large  and  highly-organized  \iscera  are  also  impoftaitt 
source**  of  caloric. 

As  far  as  it  is  possible  to  determine  by  experimental  demonstration,  not  only  is  there 
no  particular  part  or  organ  in  the  body  endowed  with  the  special  function  of  eulorificn- 
tion,  but  every  part  in  whirh  tbe  outritive  forces  are  in  operation  produces  a  certain 
amount  of  heat;  and  this  it*  probably  true  of  the  blood-corpuscles  and  other  anatomical 
elements  of  this  class.  Tlic  production  of  lie  at  in  the  body  is  general  and  is  one  of  the 
necessary  consequences  of  the  process  of  nutrition;  but,  with  nutrition,  it  is  subjfct  to 
Jocal  variations,  as  is  strikingly  illustrated  in  the  effects  of  operations  upon  the  eympa- 
thetic  system  of  nerves  and  in  the  phenomena  of  infiaramation, 

RelatioTii  of  Animal  Beat  to  ^«frj7i<>».^Kntrition  involves  the  appropriation  of 
matters  taken  into  the  body  and  the  production  and  elimination  of  effete  substancea.  In 
its  widest  signification,  this  includes  the  consumption  of  oxygen  and  the  elimination  of 
carbonic  acid ;  and,  consequently,  wo  may  strictly  I'egard  respiration  as  a  nutritive  act 
All  of  the  nutritive  processes  go  on  together,  and  they  oil  involve,  in  most  wanu-bloodcsd 
animals  at  least,  a  nearly  uniform  temperature.  During  the  first  periods  of  embryomo 
life,  the  heat  derived  from  the  mother  is  undoubtedly  necessary  to  the  development  of 
tissue  by  a  change  of  substance,  analogous  to  nutrition  and  even  superior  to  it  in  activity. 
During  adult  life,  animal  heat  and  the  nutritive  force  are  coexistent.  It  now  becomes  a 
questi<»n  to  determine  whether  there  bo  any  class  of  nutritive  principles  specially  con- 
cerned in  calorification,  or  any  of  the  nutritive  acts,  tliat  wo  have  been  able  to  study  by 
themselves,  which  are  exclusively  or  specially  directed  to  the  nmintennnce  of  tbe  temper- 
ature of  the  liody.  These  questions  simjily  involve  a  review  of  considerations  with  regard 
to  the  relations  of  various  of  the  functions  to  the  production  of  heat. 

The  supply  of  the  waste  of  tissue  being  effected  by  metamorphosis  of  alimentary  mutter 
' — a  process,  the  exact  nature  of  which  we  have  not  been  able  to  determine — it  has  thai 
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poffiible,  ipuly,  to  divide  the  food  into  different  elofiaes.  Of  tLese^  leaving  oat 
uxv^rciit  we  sIimII  consider,  in  this  connection,  the  organic  nmtterSj  divided  into  nitrogen* 
and  nan -nitrogen!  zed.  The  inorfranic  salts  are  always  combined  with  nitj-ogenized 
fttter,  and  thev  K^em  to  pass  throngh  the  organism  wittiout  undergoing  tUJ^  cunsiderubltj 
eliuige ;  and  there  h  no  evidence  that  they  have  any  connection,  of  themselves^  with  the 
productbo  of  heat, 

WliAt  19  the  relation  to  calorification  of  those  processes  of  nutrition  which  involve  the 
ppiiun  of  nitrogeiiljsed  matter  and  the  protluction  of  the  nitrogenized  excrementi* 
inciplcd? 
Vi  cannot  study  the  plienoruena  of  caloritioation  alone,  isolated  from  the  other  acts 
of  nutrition.  We  msiy  c<»nlirje  an  animal  to  a  pnrtd^v  nitrogenizecl  diet,  iind  thu  heat  of  the 
body  will  be  maintained  nt  the  proper  standard  ;  bat  at  all  times  there  is  a  certiuu  qtian- 
tity  of  nrm*oitfogenizcd  matter  (sugar  and  [^rhaps  fat)  produced  in  the  systemi  which  is 
formed  only  to  be  consumed.  We  may  starve  an  animal,  and  tlie  temperature  will  not  faU 
to  any  very  great  extent  nntil  a  short  time  before  death.  Here  we  may  suppose  that  the 
proe«?ss  of  deposition  of  niitritive  matter  in  the  tissues  from  the  blood  is  inconisiderabie, 
aA  compared  with  the  transformation  of  the  siiK^itance  of  these  tissues  into  ed'ete  matter; 
Olid  it  is  almost  certain  that  non-nitrogenized  matter  is  not  produced  In  the  organism  Id 
<|UAiitity  *<iifficient  to  account,  by  its  de^trtiction  in  the  lungs,  for  the  carbonic  acid  cxhaletL 
It  BOetns  beyond  question  that  there  must  be  beat  evolved  in  the  body  by  oxidation  of 
nitrogen iz4*d  matter.  When  the  daily  amount  of  food  is  largely  increased  for  tlie  purpose 
of  generating  the  immense  amount  of  heat  required  in  excessively  cold  climates,  the  nitro- 
gi<itie«l  matters  are  taken  in  greater  quantity,  as  well  as  the  fats^  although  their  increase 
I  not  in  the  same  proportion.  When,  however,  we  endeavor  to  assign  to  the  nitrogenized 
lt^r%  a  definite  proportion  of  heat-producing  power,  we  are  arrested  by  a  want  of 
^DStti^e  knowledge  with  regard  to  the  metamorphoiiies  which  these  principles  undergo; 
and  it  is  equally  impossible  to  fix  the  relative  CQlorific  value  of  the  deposition  of  new 
awtori&l  10  repair  of  the  tisanes  and  the  change  of  their  substance  into  effete  matter  in 
dlsA-*.Tmlbttion,  Fro?n  these  facts,  and  from  otlier  considerations  tliat  have  already  beea 
f^i  -^'^d  under  different  heads,  it  is  evident  that  tiie  physiological  metamorphoses 

o(  iMiM'uviiued  matter  bear  a  certain  share  in  the  production  of  animal  heat ;  althouprb, 
la  eonoection  with  inorganic  matter,  their  chief  function  seems  to  be  tlie  repair  of  the 
timive  endowed  witli  so-called  vital  properties. 

Wlml  is  the  relation  of  the  consumption  of  non-nitrogenized  matter  to  the  production 
I  toiiiial  beat  ? 

It  haa  been  impossible  to  treat  of  the  relations  of  the  non-nitrogenized  elements  to 
DUtrition  without  considering  more  or  less  fully  the  part  which  these  principles  bear  in 
the  production  of  boat ;  and  we  must  refer  the  reader  to  the  previous  pages  for  a  discus- 
iioft  of  certain  of  these  points.  In  this  connection,  we  shall  simply  state  the  relations 
that  thb  class  of  principles  is  known  to  bear  to  caloritication,  and  the  facts  upon  which 
mr  (ttntetiients  are  based. 

'^en  pretty  clearly  shown  that  both  sugar  and  fat  are  actually  produced  in  the 

en  when  the  diet  is  strictly  nitrogenized  m  itt*  character;  but  we  shall  con- 

»i  '/  relations  of  the  non-nitrosrenized  eloMionts  introduced  into  the  body,  asstiming 

t^i  ^    1  iiciples  of  this  cla.«s  appearing  de  novo  in  the  organism  are  the  result  of  a  trans- 

format  ion  of  nitrogenize^l  substances. 

As  far  as  the  destination  of  the  amylaceous,  sacchnrine,  and  fatty  elements  of  food 
i«Mme^nt«d*  we  only  know  that  they  are  incapable,  of  themselves,  of  repairing  muscn* 
t«  tlifttie,  and  that  they  cannot  sustain  life.  They  are  never  discharged  from  the  body  in 
hftlth  in  the  form  under  winch  they  enter;  but  tliey  are  in  yvurt  or  completely  destroyed 
Tliey  are  completely  destroyed  in  persons  who,  from  habitual  muscular  exer- 
ery  little  adipose  tissue.  When  their  quantity  in  the  food  is  large,  they  are  not 
<^i  tiec«etity  eotirely  consumed,  but  they  may  be  deposited  in  the  form  of  adipose  tisane. 
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This,  however,  may  be  made  to  disappear  by  Tiolecit  exercise  or  under  an  in^uffideni 
di«t. 

There  can  be  no  doubt  that  the  uon-nitrogenized  clasB  of  alimentary  priiicij)lcis  w 
craved  by  the  system  ia  long-continued  ex|>osiire  to  extreme  cold.  This  b  particulivriy 
marked  with  rej^ard  to  the  fats,  la  all  i^old  climates,  fat  is  a  most  im|jortaDt  ek^ment  of 
food;  and,  in  excessively  cold  regions,  while  the  nitrogctiized  elements  are  largely  in- 
creased, tliere  is  a  very  much  larger  proportional  increase  in  the  tjuantity  of  fat.  Thed^' 
facts  are  very  significant.  If  the  Lon-nitrogenized  elements  ui'  fuod — whieli  are  not  alwaya 
indispensable,  though  often  very  necessary  articles — do  not  form  tisaae,  are  not  dij»charg«d  1 
from  tiie  body,  and  are  consumed  in  some  of  tlie  processes  of  nutrition,  it  would  seeni  ( 
that  their  change  must  involve  the  production  of  carbonic  acid,  perhaps  wlso  of  water, 
and  the  evolution  of  heat.  It  is  so  ditFicuIt  to  ascertain  the  exact  quantities  of  C4irboDic 
acid,  watery  vapor,  etc.,  tlirowu  utl*  by  the  lungs,  skin,  and  other  emunctories,  and  to  esti* 
mate  the  exact  amount  of  heat  produced  and  lost,  that  it  is  not  sm'prising  that  calculations 
of  the  calorific  power  of  dilierent  articles  of  food  should  be  fretiuenlly  erroneous;  par- 
ticularly as  we  have  no  meona  of  knowkig  the  exact  calorific  value  of  the  nitrogenized 
principles. 

Aliiiougb  we  may  assume  that  the  non-nitrogenized  elements  of  food  are  parttcal&rly  I 
important  in  the  production  of  animal  heat,  and  that  they  are  not  coucerned  in  the  repair  ' 
of  tissue,  it  must  be  remembered  that  the  animal  temperature  may  be  kept  at  the  proper 
standard  upon  an  exclusively  nitrogenized  diet;  and  we  cannot,  indeed,  connect  calorifi- 
cation exclusively  with  the  consumption  of  any  single  class  of  priucijdes  or  with  any 
single  one  of  the  acts  of  nutrition. 

Belationa  qf  C^ilor{fieatian  to  Respiration^ — Respiration  is  one  of  the  nutritive  pro- I 
e^sses  that  can  be  closely  stuJied  by  itself,  as  it  involves  the  appropriation  by  the  system  j 
of  a  single  principle  (oxygen),  and  tliat  simply  in  solution  in  the  blood.     There  can  be 
no  doubt  that^  of  all  the  nutritive  acts,  respiration  is,  far  more  than  any  other^  intimatidy 
connected  with  calorification.    As  far  as  the  general  process  is  cuncerned,  the  production  | 
of  beat  is  usually  in  direct  ratio  to  the  consumption  of  oxygen  and  the  exhalation  of  car- 
bonic acid.     In  the  animal  scale,  wherever  we  have  the  largest  amount  of  heat  ]»ruduced,  | 
we  observe  the  greatest  respiratory  activity.     In  man,  whatever  increases  the  generation  j 
of  heat  increases  as  well  the  consumption  of  oxygen  and  the  elimination  of  carbonic  add. 
The  production  of  heat  in  warra-blooded  animals  is  constant,  and  it  cannot  bo  interrnpted,  j 
even  for  a  few  minutes.     The  same  is  true  of  respiration.     The  tissues  nuiy  wuaU  for  ' 
want  of  nourishment,  but  the  beat  of  the  body  must  be  kept  near  a  certain  standard* 
which  is  almoet  always  much  higher  than  the  surrounding  temperature ;  and  tliere  is  no  | 
other  nntritive  act  so  constant  and  m  immediately  necessary  to  existence  a,^  the  appro* 
priation  of  oxygen.     It  is  not  surprising,  then,  that,  early  in  the  history  of  the  physiology 
of  nutrition,  before  wo  know  even  the  exact  condition  and  proportion  of  the  gases  in 
the  blood,  it  should  have  been  thought  tliat  animal  heat  was  the  resalt  of  slow  oombusUoa 
of  the  hydro-oarbona. 

The  physiological  Instory  of  respiration  and  of  animal  heat  dates  from  the  fcame  senda  | 
of  discoveries.     In  the  latter  part  of  the  last  century,  the  great  chemist,  Lavoisier,  discov- 
ered the  intimate  nature  of  the  respiratory  process  and  applied  the  theory  of  the  con- 
sumption of  oxygen  and  the  evoluf  iun  of  cnrbonic  acid  to  calorification.     Like  nearly  all  ' 
of  the  great  ndvances  in  physiological  science^  the  distinctly-enunciated  idea  was  fore-  I 
shadowed  by  earlier  writers.     It  will  not  be  necessary  to  treat,  from  a  purely  historical 
point  of  view,  of  the  discoveries  made  by  Lavoisier,     He  undoubtedly  went  as  far  to  his  | 
explanations  of  the  phenomena  of  animal  heat  as  was  possible  in  the  condition  of  the  , 
science  at  the  time  his  investigations  were  made ;  and,  although  he  inevitably  fell  into  ' 
some  errors  in  his  calculations  and  deductions,  he  must  forever  be  regarded  as  the  author 
of  the  first  reasonable  theory  of  the  generation  of  heat  by  animals. 
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71#  0»timmpti(m  qf  (hygen  and  Prodiiction  f*f  Cnrhonie  Acid  in  ConnerHon  with 
lAtf  Etchition  of  IhnL — As  far  m  it  has  lM^en  possible  to  detenume  by  ucliial  exii*sri* 
iBtiit,  all  animalfi,  even  thc>se  lowest  in  the  8oalc,  sppropriate  oxygen  and  elituinuto  car- 
bonic add.  This  is  equally  trac^  of  all  living  tiBsues ;  and,  since  it  has  bt^eu  uscortained 
tliat  oxygen  is  dissolved,  us  oxygen,  in  the  arterial  bloody  Uuit  it  disappears  in  part  or 
entirdy  in  the  capillary  circulatiun,  that  cnrbunie  acid  is  taken  up  by  the  venous  blo^id, 
Vjoth  in  solution  and  in  feeble  combination  in  the  bicarbouates,  to  be  discharged  in  the 
lunges  by  displaeement  and  the  action  of  the  pneuitiie  acid,  and  that  the  ti»aues  them- 
selves havo  the  property  of  appropriating  oxygen  and  exhaling  earbonic  ttcid»  those  who 
ttdopt  the  thtiory  of  Lavoisier  have  simply  changed  the  seat  of  oxidation  from  tlxe  lunga 
to  tiie  general  system. 

It  has  been  proven  beyond  question  that  oxygen,  of  all  the  principles  introduced  from 
witlioat^  is  tlie  one  most  immediately  necessary  to  nutrition  ;  and  it  differs  from  the  class 
of  lobBtances  ordinarily  known  as  alimentary,  only  in  the  fact  that  it  is  consumed  more 
promptly  and  constantly.  In  the  same  way.  carbonic  acid  is  to  be  regarded  as  an  ele- 
ment of  excretion,  like  urea,  creatine,  etc,  differing  from  them  only  in  the  immediate 
noooiaily  for  its  elimination.  iVs  the  comparatively  slow  excretion  of  urea  and  other 
nitrrigcnized  matters  is  connected  with  the  ingestion  of  ordinary  alinientary  substances 
ihnl  are  dowly  appropriated  by  the  tissues^  so  the  rapid  elimination  of  carbonic  acid  is 
eoHDocted  with  the  equally  rapid  appropriation  of  oxygen.  There  is  no  reason  why  we 
should  not  regard  carbonic  acid»  like  other  effete  substances,  as  an  excretion,  the  result 
of  dtsossimilation  of  the  tis:»ues  generally ;  but^  more  closely  than  any,  it  is  connected 
with  the  rapid  and  constant  evolution  of  heat. 

Experiments  on  the  intluence  of  the  symitathetio  nerves  upon  the  temperature  of  par- 
ticular parts  have  completed  the  chain  of  evidence  in  favor  of  the  loculizntton  of  the 
heat-prod ncing  function  in  the  tissues.  It  is  not  our  purpose  to  discuss  the  relations  of 
the  sympathetic  system  to  nutrition,  deferring  this  subject  until  we  come  to  treat  spe- 
cially of  the  nervous  system ;  but  the  facts  bearing  on  calorification  are  briefly  as  follows  t 

If  the  sympathetic  nerve  be  divided  in  the  neck  of  a  rabbit  or  any  other  warm- 
blooded animal,  the  side  of  the  head  supplied  by  this  nerve  will  become  from  five  to 
eight  or  ten  degrees  warmer  than  the  opposite  side,  or  than  the  rent  of  the  body.  This 
obwrvation  we  have  repeatedly  verified.  The  conditions  under  which  this  local  exag- 
giu^tion  of  the  animal  heat  is  manifested  arts  dilatation  of  the  arteries  of  supply  of  the 
port,  so  that  it  receives  very  much  more  blood  than  before,  and  increased  activity  in  the 
fenerol  process  of  nutrition.  It  also  has  been  observed,  in  experiments  upon  the  horse, 
that  tlio  blood  coming  from  the  part  h  red  and  contains  ^&rj  much  more  oxygen  than 
ordinary  venous  blood. 

Tlje  observations  of  Mil,  Estor  and  Saint-Pierre  show  that  the  blood  coming  from 
iufiamed  parts,  In  which  there  is  a  consideroble  elevation  above  the  normal  temperature, 
i»  red,  and  that  it  contains  froTu  fifty  to  two  hondred  and  fifty  percent,  more  oxygen  than 
ordinary  venous  blood.  These  facts  are  regarded  as  inconsistent  with  the  view  that  the 
temperature  of  parts  is  due  chiefly  to  oxidation  ;  but,  when  we  consider  the  fact  that^  in 
the  oonditi*»ns  above  mentioned,  the  actual  quantity  of  blood  circulating  in  these  parts  is 
borensed  many  times,  the  error  in  the  deduction  is  palpable  enough.  It  is  not  snfllcient 
tnihow  thnt  the  blood  coming  from  an  intiaiiied  tissue,  with  an  abnormally  high  temper- 
attiro,  contains  more  oxygen  than  under  ordinary  conditions,  but  it  is  indispensable  to 
dertDonstrate  that  the  absolute  quantity  of  oxygt-n  consumed  is  diminished.  For  exam- 
plf,  if  the  venous  blood  should  contain  double  the  normal  proportion  of  oxygen,  but  the 
({tuiutity  coming  from  the  part  should  be  increased  threefold,  it  is  evident  that  the  actual 
oonsamption  of  oxygen  would  be  doubled.  As  an  illustration,  lot  us  assume  that,  in  one 
minaie,  100  parts  of  blood,  containing  10  parts  of  oxygen,  circulate  through  a  member, 
Icotng  in  its  poosage  7 '5  parts  of  oxygen,  thus  leaving  a  proportion  of  2'5  of  oxygen  for 
the  venous  blood ;  if  the  part  become  inflamed,  let  ns  suppose  that,  during  the  same 
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period,  800  purts  of  blood,  with  30  parts  of  oxygen,  pasa  throngh,  bot  that  the  vcnouB  blood 
contaiDB  five  per  cent,  of  oxygen,  or  15  parts.  Thut  would  lahow  mi  actual  coiiBamptioii 
of  15  parts  of  oxygren  in  inliurnmation,  again Bt  7-5  under  normal  nutritive  coDditioiua. 
Efltor  and  Saint-Pierre  do  nut  statu  the  amount  of  increase  in  tlie  tjuautity  of  blood  cir- 
cultttinji:  through  iutlMned  tissues,  but  they  uJiuit  that,  '*  in  inli am r nation^  the  vessela  iin* 
dilated,  and  the  current  of  blood  is  more  rapid.*'  An  increase  in  the  ab^:»lut«  quantity 
of  blood  passing  through  parts  after  division  of  the  Bympathotic  nerves  distributed  to  (b« 
coats  of  the  blood-vessela  lias  been  observed  hy  oM  who  have  experimented  upon  the  sob* 
ject ;  and  the  increase  is  probal>ly  greater  than  that  which  we  have  assumed  in  our  tygu^ 
ment.  An  additional  argument  in  favor  of  our  interpretation  of  the  oxperimenta  of 
Eator  Jind  Saint-Pierre  ia  the  fact,  noted  by  them,  that  the  blood  from  inflamed  parta 
eoutuins  more  carbonic  acid  than  ordinary  venous  blood. 

Taking  into  account  all  the  fact^  bearing  upon  the  question,  there  can  be  little  doubt, 
that,  while  the  processes  of  nutF'ition  and  disassimilation,  involving  changes  in  tlie  nitro- 
genized  constituents  of  the  blood  and  the  tissues,  are  not  disconnected  with  caloriticji* 
tion,  the  production  of  heat  by  animals  is  moat  closely  related  to  the  appropriation  of 
oxygen  and  the  formation  of  carbonic  odd. 

IntimaU  Nature  of  the  Calor{fie  Praceues. — A  eomprehendion  of  the  Intimate  nutiiro 
of  the  calorific  processes  involves  simply  an  answer  to  the  question,  how  far  we  c^n  fol- 
low the  materiul  transformations  in  the  organism,  which  involve  the  couBumption  of  cer- 
tain princi[>les,  the  production  of  new  com[)oundis  and  the  evolution  of  heat.  As  reganiB 
the  nature  of  the  intermediate  processes  connecting  the  disappearance  of  oxygen  with 
the  production  of  carboalo  acid,  we  can  only  explain  it  by  reciting  the  simple  facta. 
Oxygen  disappears,  carbonic  acid  is  formed,  and  the  carbon  is  furnished,  perhaps  by  tlie 
tissues,  perhaps  by  the  blood,  probably  by  both.  It  is  probable  that  the  intermediate 
changes  are  more  simple  and  rapid  than  those  which  intervene  between  the  appropria- 
tion of  nitrogenized  nutritive  matter  and  the  formation  of  tlie  nitrogenized  excretions; 
but  we  have  never  been  able  to  follow  either  of  theso  processes  through  all  of  it*  dif- 
ferent pha.%os.  We  must  be  content,  in  the  present  condition  of  our  positive  knowledge, 
to  regard  calorification  as  one  of  the  attendant  phenomena  of  nutrition;  and  we  have 
only  to  study  as  closely  as  possible  the  facts  with  regard  to  the  diMj^pearance  of  eertnin 
principles  and  the  formation  i»f  etlete  matters,  that  are  always  and  of  necessity  associated 
with  the  development  of  heat. 


EqualiMation  af  the  Animal  Temperature. — A  study  of  the  phenomena  of  calorificatioil 
in  the  human  subject  bus  shown  that  under  all  conditions  of  climate  the  general  heat  of 
the  body  is  equalized.  Nearly  always,  the  surrounding  temperature  is  below  the  standjird 
of  boat  of  the  body,  and  there  is,  of  necessity,  nn  active  production  of  caloric.  Under 
all  conditions,  there  ia  more  or  less  lo^s  of  heat  by  evaporation  from  the  general  surface; 
and,  when  the  surrounding  atmosphere  is  very  cold,  it  becomes  desirable  to  reduce  tliis 
loss  to  the  minimum.  This  is  done  by  appropriate  clothing,  which  must  certainly  be 
regarded  as  a  ])bysioIogical  necessity.  The  proper  kind  of  clothing,  the  conducting 
power  of  different  materials,  their  porosity,  etc.,  form  important  fpicstions  in  practical 
hygiene,  and  tlieir  full  discnssion  belongs  to  special  treatises.  Clothing  protects  from 
excessive  heat  as  well  as  from  cold.  Thin,  porous  articles  m«.KlerHte  lite  heat  of  the  sun, 
eijualize  evaporation,  and  atlbrd  great  protection  in  hot  climates.  In  exi^essivo  cold, 
clothing  is  of  the  greatest  importance  in  preventing  the  escape  of  heat  from  the  body. 
When  the  body  is  not  exposed  to  currenta  of  air,  the  garments  are  useful  chiefly  as  noo- 
conductors,  imimsoning  many  layers  of  air.  which  are  warmed  by  contact  with  tho  porsoiL 
It  is  farther  \iiry  important  to  protect  the  body  from  the  wind,  which  increases  so  greatly 
the  loss  of  heat  by  evaporation.  It  is  wonderful,  howevi-r,  how  intense  a  cold  may  be 
resisted  by  healthy  men  under  proper  conditions  of  alhuentation  and  exercise  and  with 
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flyipmaotioo  of  Appropriate  clotliing,  as  in  Arctic  explaratJonSf  when  the  thermometef 
haa  for  dmfs  ranged  from  —60''  to  —70*  Falir. 

Wlten  from  any  caase  there  is  a  tendency  to  undue  elevation  of  tlie  heat  of  the  bckly, 
^QtaneoQs  transpiration  is  increased^  and  the  temperature  is  kept  at  the*  proper  standard. 
We  have  ulreadj  considered  this  question  in  treating  of  the  action  of  the  skin^  and  we  have 
noted  fft<^t»  showing  that  men  can  work  when  expoHed  to  a  heat  much  liigher  than  that 
of  itself.    The  amount  of  vapor  that  in  lost  uuder  these  conditions  is  sometimes 

eii  niiounting  to  from  two  to  foor  pounds  in  an  liour.     We  have  ourselves  often 

i^|W>ti»ti  a  lo!!^  of  between  two  and  three  pounds  after  exposure  for  less  than  an  hour  to  a 
lltaiu*bath  of  from  110'^  to  116" ;  aod  a  ruueli  greater  elevation  of  temperature,  in  dry 
air,  can  be  tolerated  with  impunity.  We  have  alluded  to  some  of  the  observations  ujion 
the  temperatures  tliat  c<»nld  be  borne  without  bad  re^ilts,  in  connection  with  the  ques- 
tion of  variations  In  tlie  heat  of  the  body.  In  the  experiments  of  Dehiroche  and  Berger, 
the  temperature  was  considertibly  under  20(1°,  TiUet  recorded  an  instance  of  a  young 
girl  who  remained  in  an  oven  for  ten  minutes  withont  inconvenience,  at  »  temperature 
of  130°  Reaumur,  or  324%5*'  Fahr.  Dr.  Blogden^  iu  his  noted  experiiuents  in  a  heated 
room,  mntle  in  connection  with  Drs.  Birnks,  Soiaudei%  Fordyce,  and  other?*^  found,  in  one 
Berie^  of  obsservations,  that  a  temperature  of  211''  could  be  easily  hurne ;  and,  at  another 
iSmc^  the  beat  was  raised  to  200',  Chabert,  who  exhibited  in  this  country  and  in  Eu* 
rape  nnder  the  name  of  the  **  fire-king,''  is  said  to  have  entered  ovens  at  from  400*  U> 
ftOO*.  Under  those  extraordinary  terapcratures,  the  body  is  protected  from  the  radiated 
heftl  by  clothing,  the  air  is  pcrtectly  dry,  and  tlie  animal  temperature  is  kept  down  by 
excc«i%*e  exhalation  from  tlie  surface. 

It  is  a  curiouB  fact,  that,  alter  exposure  of  the  body  to  an  intense  dry  heat  or  to  a 
b^t^d  Tttpor,  as  in  the  Turkish  or  Russian  baths,  wlion  the  i^'eueral  temi»erature  is 
fnmvwhiit  raised  and  the  surface  is  bathed  in  per.sjnration,  a  cohl  plunge,  wirich  checks 
the  action  of  the  skin  almost  immediately,  is  not  injurious  and  is  decidedly  agreeable. 
T)  T- ' -events  ft  striking  coutrast  to  the  effects  of  sadden  cold  upon  a  system  heated  and 
-uni  by  long-continued  exertion.    In  the  latter  instance,  when  the  perspiration  is 
*u(Minlv  checked,  serious  disorders  of  nutrition,  inflammations,  etc.,  are  very  liable  to 
w^ur    The  explanation  of  this,  as  far  as  we  can  present  any,  seems  to  be  the  following: 
'lie  skin  acts  to  keep  down  the  tt-mperature  of  the  bo<Iy  in  simple  exposure  to 
il  heat,  there  Is  no  moditication  in  nutritioo,  and  the  temlency  to  nn  elevation  of 
iliu  aniuijil  temperature  comes  from  causes  entirely  external.     It  is  a  practical  observa- 
tion llittt  no  bad  effects  are  produced,  under  these  cireamstancei*,  by  suddenly  changing 
the  exU^rtjal  conditions;  but,  when  the  animal  temperature  is  raised  by  a  modification 
t*^  the  internal  nutritive  processes,  as  in  prolonged  moacuhir  effort,  tliese  changes  cannot 
w  ^u<lcl(<nljr  arrested  ;  and  a  suppression  of  the  compensative  action  r»f  the  skin  is  apt  to 
jTodac^j  disturbances  in  nutrition,  very  often  resulting  in  infiaramations. 
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AffiorphotLS  contnetUft  enbitaneo— CIQaiy  moTcnMinU— Moremcutii  due  to  rLatlklty— Ttfietles  of  elaatfe  i 
Mii^eular  tnovcmenU — Ph^rilologlcttl  snatomx  of  tho  Invdimtitr^r  rnuKkt— Modfi  of  eontntrtloii  ofl 
tmtATjr  tiiuftcular  tiMue—rbyiioto^Ica]  kAatoznjr  of  tlie  volnntjuy  mntclefr— FlbraBS  And  adipose  tl«0Q« 
Toltintur}'  mu»c]f»— Coofieetive  tiMUo^BlocKL'ViMitelft  amd  IjmpbAtloi  ol  tlio  tnutrukr  tiMoe — Qoa 
the  muscles  vrlth  tlii'  t^etidoafl— dusmkal  coBipotltloo  of  ^«  mu wltw— PhyilotogiCTl  propertict  of  thm  i 
cIm— MuACular  cQ&tracUlfcy,  or  liriUblll^ — ^Mucakr  cootnctiuO'-ChaiigM  in  the  fbnn  of  ilie 
flhnaa  durlnir  eontrocCloo— iSecoiMM,  ZUdtunai  or  spA«im— Mecboolsm  of  proloqgvd  miiMalar  eontrwtlon— 
Tctauui— El^tric  pheDomeju  ia  tho  mnaclet— Mawlar  ctlTurt— P»i4tve  oriflini  of  locoraotios-^PIijrvMiiiElal 
ftimtomy  of  the  boa«s— Mam^w  of  tlM  boiMs»--'M«dtUk)cv}U'M>-eloi>lujte»— -PeHovtonm^Fliytlek]^  uuiomj 
of  mrtil}Mre^Fllm»«carlUN|Ee— Vok«  «od  lip^Dcb^^kutoh  of  \hv  phyniolo^gical  imatoray  of  tke  vucal  o4ipi»^— 
\oca,\  fliiords— Muscles  of  thtt  kuynx— M«cluial»oi  of  tiic  [)nM]iictiou  of  the  Totoe^Appearaiiee  of  the  gilouia 
dnrtnir  orUtniiry  n.«i4nitioii^Morerattfit*  of  tli«  flottU  during  phoDatlon— VariAtioDs  la  tbo  qoalUjr  of  tl« 
Totce.  Ui  jH'naiiiir  uiKin  dtfrvreocM  ta  Cb«  slie  Mi(t  form  of  Che  ktynx  and  tlM>  ?oc«l  cbord*— Actioii  of  th* 
iQtriDfiU;  mtificlo  of  tht^  lar>iix  Lu  pbOQttioz^— Action  of  th«  AeoeMoiy  Tocal  organ*— ]il«chAiilBm  of  thtf  dilSkr 
«iit  Tocal  rei^ler*— ACechAnlam  of  ap««eh. 

TuE  orgaDiC)  or  vegetative  fhnctions  of  animnle  involve  certain  inovementft;   audi 
almost  all  auimala  possess,  in  atldrtion,  tbe  pawer  of  locomotion.     Very  matijr  of  theMI 
movements  have,  of  necessity,  been  considered  in  connection  with  the  different  fnncti<iiiji;| 
as  the  action  of  the  heart  and  vessels  in  the  circulation,  the  nscs  of  the  uuiscles  in  re*|ii* 
ration,  the  ciliarj  movements  in  the  air-passages,  the  muscular  acts  in  deglutition,  th 
peristaltic  movements,  and  tbe  mechanism  of  defiecation  and  urination.     There  r^maii%l 
however,  certain  general  facts  with  regard  to  various  kinds  of  movement  and  the  u}od«| 
of  action  of  the  dilJerent  varieties  of  muscular  tissne,  that  will  demand  more  or  lei 
extended  consideration.     As  regards  tlie  exceedingly  varied  and  complex  aete  concemc 
in  locomotion,  it  is  difficult  to  fix  tbe  limits  between  anatomy  and  physiology.     A  full 
comprehension  of  such  movements  mast  be  precede*!  by  a  comjdete  descriptive  anatQinjr] 
oal  account  of  the  passive  and  active  organs  of  locomotion ;  and  special  treatises  oBj 
anatomy  ahnost  invariably  give  the  uses  and  actions,  as  well  as  the  structure  and  r«la 
tiouB  of  these  parts. 

Amorphous  ContrctctiU  Suhitunce  and  Amaboid  MotemmU, — ^In  some  of  the  vtr 
lowest  orders  of  beings,  in  which  hardly  any  thing  but  amorphous  ntatter  and  a  few  gran^ 
nles  rnn  he  rccoprnizod  by  the  nnrroscopo,  certain  movements  of  elongation  and  retrao 

tion  of  their  amorphous  suhstanoo  have  bei*li  i 
observed.      In    the   higher    animals,   simila 
movements  have  been  noticed  in  cerUdn 
their  structures,  audi  as  the  leucocytes,  tht 
contents  of  the  ovum,  epithelial  cells,  and 
cf>nne(?tivL^-tis8ue   cells.       These    movement! 
are  generally  simple  changes  in    tlie   for 
of  tho  cell,  nucleus,  or  whatever  it  may 

Fia.  \4^-Amaba  di0mns,  ehan^ma  in  form  an^i    ^^'^y  ^ro  SOpposed  tO  depend  Upon  an  Of] 

^^a^ngin  th9  d4rteUM  imdieai^  b^  th*  arront,   principle  called  sarcodo  or  proto] " 

it  is  not  known  that  such  movement 
characteristic  of  any  one  definite  proximate  principle,  nor  is  it  easy  to  determine 
cause  and  their  physiological  importance.  In  the  anatomical  elements  of  adult  anmialrf 
of  the  higher  classes,  the  sarcoilio  movements  usually  appear  alow  and  gradual,  even 
when  viewed  with  high  magnifying  powers;  but,  in  some  of  the  very  lowest  orders 
beings,  these  movements  servo  as  tho  mean«  of  progression  and  are  more  rapid.  Such 
movements  are  sometimes  called  amceboid. 

It  does  not  seem  pottible,  in  the  present  condition  of  our  knowledge,  to  explain  tbe 
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naturo  find  cauee  of  the  movemeots  of  homogeneous  contractile  flabstnnce ;  and  It  must 

be  «5xc«t^ivel7  difficulty  if  not  impossible,  to  observe  directly  the  effects  of  different  stim- 

oUf  in  the  manu«*r  in  which  we  study  the  movements  of  muscles.     As  far  as  we  can 

[  jud^e,  they  are  analogous  to  the  ciliary  movements,  the  cause  of  which  id  equally  obscare. 

Ciliary  MmemenU, — The  epithelittm  covering  certain  of  the  mucous  membranes  is  pro- 
Tiiied  with  little  hair-like  procetrses  upou  the  tree  portion  of  the  etlls,  culled  dliu.  Theso 
are  In  constant  motion,  from  the  htginnlng  to  the  end  of  lifc^  and  they  produce  currents 
npoo  the  surfaces  of  the  membranes  to  which  they  are  attached,  the  direction  being  guner- 
aUy  from  within  outward.  In  many  uf  the  infusoria,  the  ciliary  motion  serves  as  a  means 
of  progression^  effects  the  introduction  of  nutriment  into  the  aUiucmtary  canal,  and^  indeed, 
\a  almost  the  sole  agent  in  the  perlormance  of  the  functions  involving  movement.  Even 
in  higher  classesi  as  the  moUusca,  the  movements  of  tliu  cilia  are  of  great  importance. 
In  man  and  in  the  warm-blooded  animals  generally^  the  ciliated  or  vibratilt-  epithelium  is 
of  the  variety  called  columnar,  couoidal,  or  pri^moidah  The  cilia  are  attached  to  the 
ihick  ends  of  the  cells,  and  they  form  on  the  surfoco  of  the  membrane  a  continuous  sheet 
of  fibrating  processes. 

It  18  onnece^siiry  to  describe  in  detail  the  size  and  form  of  the  cells  provided  with 
elHa^  aa  their  variations  in  different  situations  have  been  and  will  be  considered  in  con- 
nection n-ith  the  physiological  anatomy  of  different  parts.  In  general  structure,  the  ciliary 
fvocessos  are  entirely  homogeneous^  and  they  gradually  taper  from  their  attachment  to 
tlie  cell  to  an  extremity  of  excessive  tenuity.  Although  anatomiata,  from  time  to  time, 
haye  described  striae  at  the  bases  of  the  cilia  .and  have  attempted  to  explain  their  mo- 
lion  by  a  kind  of  muscular  action,  no  well-detined  structure  has  ever  been  actually 
demonstrated  in  their  snbstanoe. 

The  presence  of  cilia  has  been  demonstrated  upon  the  following  surfaces :  The  respira- 
tory paaiiages,  including  the  nasal  fosste,  the  pituitary  membrane,  tlie  summit  of  the 
Urfnx»  til©  bronchial  tubes,  the  superior  surface  of  the  velum  palati,  and  the  Eustachian 
tllb«ia;  the  sinuses  about  the  head;  the  lachrymal  sac  and  the  internal  surface  of  the 
•yeStds;  the  genital  passages  of  the  female,  from  the  middle  of  the  neck  of  the  uterus 
to  llie  extremities  of  the  Fallopian  tubes ;  and  the  ventricles  of  the  brain.  They  prob- 
Ably  esist,  also,  at  the  neck  of  the  capsule  of  Mflller,  in  the  cortical  sabstance  of  the  kid- 
ney. In  these  sittiations,  to  each  cell  of 
oonoidal  epithelium  are  attached  from  six  to 
treWe  prolongations,  about  ^jhr^  of  an  inch 
ia  thi^^kness  at  their  base,  and  from  j^^^  to 
1^  of  an  inch  in  length.  The  appearance 
of  the  cilia  in  detached  cells  i.^  represented 
in  Fig,  147.  When  seen  in  itifu^  they  ap~ 
'  pear  regularly  dispc»9ed  upon  the  surface^  are 
of  nearly  equal  length,  and  are  generally 
«lllthtly  inclined  in  the  direction  of  tlie  open- 
ing of  the  earity  lined  by  the  membrane. 

The  ciliary  motion  is  one  of  the  most 
bestttiful  physiological  demonstrations  that 
can  ba  made  with  the  micro9coi>e.  By  scrap- 
lag  the  roof  of  the  mouth  of  a  living  irog, 
the  macoud  merobranea  of  the  respiratory 
passages  in  a  warm  -  blooded  animal  just 
killed,  the  beard  of  the  oyster  or  clam,  and 
placing  the  preparation,  moiutened  with  a 
little  Rorum,  under  a  magnifyuig  power  of  about  two  hundred  and  fifty  diameters,  the 
currents  produced  in  the  liquid  will  be  strikingly  exhibited.    The  movements  may  be 
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stodiod  in  detached  ceUfi,  in  the  human  Bubject^  by  mtrDduoing  a  feather  into  the  nom^  hf 
which  a  few  cells  may  be  removed  with  the  mucus  and  can  be  observed  in  the  same  wny. 
This  demonstration  Burves  to  show  the  similarity  between  the  movements  in  man  and  is 
Uie  lower  orders  of  animals.  When  the  movements  are  seen  in  a  large  number  of  ceQs 
in  iitUy  tlie  oppearance  is  very  i^aphically  illustrated  by  the  apt  comparison  of  f  lenle  to 
the  undulations  of  a  field  of  wheat  agitated  by  the  wind.  In  watciiiug  this  movemeni| 
it  is  UBoally  seen  to  gradually  diminish  in  rni>iditT,  until  what  at  firist  ajipeared  dimply  as 
a  current,  produced  by  movements  too  rapid  to  be  studied  in  detail,  becomes  revealed  as 
distinct  undulations,  in  which  the  action  of  individual  cilia  can  be  readily  studied.  Sotr- 
eral  kinds  of  movement  have  been  described,  but  the  must  common  is  a  bending  of  the 
dlia,  simultaneoasly  or  in  regular  succession,  in  one  direction,  followed  by  an  undulating 
return  to  the  perpendicular.  Tlju  other  movements,  such  as  the  inftmdibuliform,  in 
which  the  point  describes  a  circle  around  the  Uase,  the  peudolmn-moveuient,  etc,  art 
not  common  and  are  unimportant. 

The  combined  action  of  the  cilia  upon  the  surface  of  a  mucous  membrane,  moving  as 
they  do  in  one  direction,  is  to  produce  currents  of  considerable  power.  This  may  b<* 
illustrated  under  the  microscope  by  covering  the  surface  with  a  liquid  holding  little  S4>lid 
particles  in  suspension.  In  this  cose,  tbe  granules  are  tossed  from  one  portion  of  the 
field  to  another,  with  considerable  force.  It  is  not  difficult,  indeed,  to  measure  in  tliu 
way  the  rapidity  of  the  ciliary  currents.  In  the  frog  it  has  been  estimated  at  from  ^^ 
to  yfj  of  an  inch  per  second,  the  number  uf  vibralile  movements  being  from  seventy-five 
to  one  hundred  and  fifty  per  minute.  In  the  fresh- water  polyp  the  movements  are  more 
rapid,  being  from  two  hundred  and  fifty  to  three  hundred  per  minute.  There  is  no  n?li- 
nble  estimate  of  the  rapidity  of  the  ciliary  currents  in  m/m,  but  they  are  x>robably  more 
active  than  in  animals  low  in  the  scale. 

The  movement*  of  cilia,  like  those  observed  in  fully-developed  spermatozoida^  se^m 
to  be  entirely  independent  of  nervous  influence,  and  they  are  atFected  only  by  purely  local 
conditions.  They  will  continue,  under  favorable  circumstances,  for  more  than  twcntf- 
four  hours  after  deatli  and  can  be  seen  in  cells  entirely  detached  from  the  body  when 
tliey  are  moistened  with  proper  tluids.  TVhen  the  cells  are  moistened  with  pure  water, 
the  activity  of  the  movement  is  ut  first  increased  ;  but  it  s*ion  disappears  as  tlie  cells 
become  swollen.  Acids  arrest  the  movement^  but  it  may  be  excited  by  feeble  alkaline 
solutions.  All  abnormal  conditions  have  a  tendency  either  to  retard  or  to  obridge  the 
duration  of  the  ciliary  motion.  It  is  true  that,  when  the  movement  is  becoming  feebl«v 
it  may  be  temporarily  restored  by  very  dilute  alkaline  solutions,  but  the  ordinary  stimuli, 
such  as  are  capable  of  exciting  muscular  contraction,  are  without  etfect,  Purkiiy^  tad 
Valentin,  Sharpey,  and  others,  have  attempted  to  excite  the  movements  of  cilia  by  gal- 
vanic stimulus,  but  without  success.  Aniesthetic^  and  narcotics,  which  have  such  a 
decided  etfect  upon  muscular  action,  have  no  influence  upon  the  cilia. 

It  is  useless  to  follow  the  speculations  that  have  been  advanced  to  account  for  the  more* 
ment  of  cilia.  There  is  no  muscular  structure  in  the  cilia,  no  connection  with  the  nervonfl 
syst'em,  and  there  seems  to  be  no  possibility  of  explaining  the  movement  except  bj  s  bare 
statement  of  the  fact  that  the  cilia  have  the  property  of  moving  in  a  certain  way  m  long 
as  they  are  under  normal  conditions.  As  regards  the  physiological  uses  of  these  move- 
ments, it  is  sufficient  to  refer  to  the  physiology  of  the  parts  in  which  cilia  an*  found, 
where  the  peculiarities  of  their  action  are  considered  more  in  detail.  In  the  lungs  and 
the  air-passages  generally  and  in  the  genital  passages  of  the  female,  the  currents  are  of 
considerable  importance;  but  it  is  ditlicult  to  imagine  the  use  of  these  movemvnta  in 
certain  other  situations,  as  the  ventricles  of  the  brain. 
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Moi^fttienU  due  to  ElastieHy. — There  are  certain  important  movements  in  tlie  body 
that  are  duo  simply  to  the  action  of  elastic  ligaments  or  membranes.  These  are  entirely 
distinct  from  mascular  movements,  and  are  not  even  to  be  classed  with  the  movemcnti 
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prfxiiiced  hj  the  reeilieocy  of  mii&calar  tissue,  in  which  that  curious  property,  called 
muscular  tonicity^  is  more  or  Jess  involved.  Movements  of  this  kind  iirtj  never  exeited 
by  nervous,  galvanic,  or  other  stiniulus,  but  they  consist  simply  in  the  return  of  movable 
pttrt^  to  a  certain  position  after  they  have  been  displaced  by  muscular  action^  and  the 
I  of  tubes  after  lorcibk*  distention^  as  in  the  w^ills  of  the  lai'go  arteries* 
Si^iBtw  7^U»ue. — Moat  writers  of  the  present  day  ado[)t  the  division  of  the  elements  of 
Stic  tissue  into  tliroe  varitjties.  This  division  relates  to  the  size  of  the  fibres ;  and  all 
rietioij  are  found  to  possess  essentially  the  same  chemical  corapobition  imd  geueral 
properties,  including  the  elasticity  for  which  they  are  so  remarkable.  On  account  of  the 
yellow  color  of  this  tissue,  presenting,  as  it  does,  a  strong  contrast  to  the  white,  fe'listt^n- 
ing  ax^pearance  of  the  inelastic  fibres,  it  is  frei^uently  called  the  yellow  elastic  tissue. 
Tho  fii9t  variety  of  olastio  tissue  is  composed  of  small  6breSf  generally  intennit^gled 


^—SnmU  tJitttSejIfrt'iff,  from  th^pttUonmim ; 


Fio.  14»,—Iarg^  tlattfe  fibrt*,    (Robin.) 


with  fibres  of  the  ordinary  inelastic  tissue.  These  are  sometimes  called,  by  the  French, 
^molc  fibres.  They  possess  all  the  chemical  and  physical  cbaractere  of  the  larger  fibres, 
bnt  are  excessively  minute,  measuring  from  f  j^^y  to  j^^  or  -g-^^  of  an  inch  in  diameter. 
If  w^  add  acetic  acid  to  a  preparation  of  ordinary  connective  tissue,  tlie  inelastic  fibres 
are  rendered  a  emit  ran  spar  en  t,  but  tlie  elastic  fibres  are  unaffected  and  become  very  dis- 
fiti'^t  Thcv  are  then  seen  isolated,  that  is,  never  arranged  in  bundles,  generally  with  a 
'lark,  double  contour,  branching,  brittle,  and  when  broken^  their  extremities  curled  and 
pre^ntiuif  a  sharp  fracture,  like  a  piece  t*f  India-nibl>er.  These  fibres  pursue  a  wavy 
Course  between  the  bimdles  of  inelastic  fibres  in  the  areolar  tissue  and  in  most  of  the  ordi- 
nary fibrous  membranes,  and  here  they  exist  as  an  accessory  anatomical  element.  They 
w»  found  in  greater  or  less  abundance  in  the  situations  just  mentioned ;  also,  in  the  liga- 
nieata  (bat  not  the  tendons) ;  in  the  layers  of  involuntary  muscular  tissue ;  the  true  skin; 
tbfl  troo  vocal  cords ;  the  trachea,  bronchial  lul>es,  and  largely  in  the  parenchyma  of  the 
hiT*:  the  external  layer  of  the  large  arteries;  and,  in  brief,  in  nearly  all  situations  in 
*Mi  th*  ordinary  connective  tissne  exists. 

Tite  *eeond  variety  of  elastic  tissae  is  composed  of  fibres,  larger  than  the  first,  ribbon- 
*^(n^l,  wttb  well-defined  outlines,  anastomosing,  undulating  or  curved  in  the  form  of  the 
^^ftf  r  S.  presenting  the  same  curled  ends  and  sharp  fracture  as  the  smaller  fibres.  Tliese 
fJi'ujiire  from  ^Vu  ^  t^  of  an  inch  in  diameter.  Their  type  is  found  in  the  ligamenta 
*'iMl:iva  and  the  ligament nm  nucbte.  They  are  also  found  in  some  of  the  ligaments  of 
^*^  larynx,  the  stylo- hyoid  ligament,  and  the  suspensory  ligament  of  the  penis.  The 
form  tnd  arrangement  of  these  fibres  may  be  very  strikingly  demonstrated  by  tearing 
^^i  pc^on  of  the  ligamentum  nucJia?  and  lacerating  it  with  needles  in  a  drop  of  acetic 
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acid.  The  action  of  the  acetic  acid  renders  the  ftccessory  stmctnres  of  the  lignznent 
tmnsparent,  aud  the  elastic  fibres  become  very  difltinct.  The  same  may  ha  ac<;om|>Uttbe<l 
by  boiling  the  tissue  for  a  short  time  in  caustic  eoda. 

The  third  rariety  of  elastic  tissne  can  hardly  be  aaid  to  consist  of  fibres^  as  their  branchcfl 
are  so  short  and  their  anastomoses  so  treqnent^    This  khad  of  stractnre  is  foond  fonnmg 
^  the  middle  coat  of  the  large  arteries,  and  it  has  already  been  de- 

scribed in  connection  with  tbe  vascular  system.  The  fibres  ar« 
very  large,  t3at»  with  numerous  short  branches^  *^  which  unite 
again  with  the  trimk  from  which  they  orijurinate  or  with  a<^a- 
cent  fibres-  In  certain  situations,  the  intert^tices  are  coDs?ider»- 
ble,  in  proportion  to  the  di^mieter  of  the  fibres  and  tlie  ann^sto- 
mosing  branches  are  given  oif  at  acute  angles,  so  tbat  they 
follow  pretty  closely  the  direction  of  the  trunks,  and  the  aQa^- 
tomoscH  du  not  disturb  the  longitudinal  direction  and  paralleliam 
of  the  fibres.  Indeed,  the  anastomoses  are  so  numerous,  and  the 
intervals  so  small,  proportionally  to  the  fibrt-s,  that  we  should 
believe  we  had  under  observation  u  reticulated  membnuie,  pre- 
senting openings,  rounded  and  oval,  some  large  and  othettt 
small. '^  (Henle.)  These  anastomosing  fibres,  forming  tlie  io^ 
called  fenestrated  membranes,  are  arranged  in  layers,  and  the  structure  is  sometlmea 
called  the  lamellar  elastic  tissue. 

The  great  resistance  which  the  elastic  tisane  presents  to  chemical  action  serves  to 
distlnguisb  it  from  nearly  every  other  structure  in  the  body.  We  have  already  seen  thul 
it  is  not  affected  by  acetic  acid  or  by  boiling  with  caustic  soda.  It  is  not  softened 
by  prolonged  boiling  in  water,  but  it  is  slowly  dissolved,  without  decompositioD,  by 
sulphuric,  nitric,  or  hydrochloric  acid,  the  solution  not  being  precipitahle  by  potiish.  Its 
organic  base  is  a  nitrogenized  substance  called  elasticine,  containing  carbon,  hydrogen, 
oxygen,  and  nitrogen,  without  sulphur.  This  is  supposed  to  be  identical  with  the  sarct>- 
lemma  of  the  muscular  tissue. 

The  purely  physical  property  of  elnsticity  plays  an  important  part  in  many  of  iho 
animal  functions.  We  have  already  had  an  example  of  this  in  the  action  of  the  larg« 
arteries  in  the  circulation  and  in  the  resiliency  of  tbe  pareiicbynja  of  the  lungs ;  and  wo 
shdl  have  occnsion,  in  treating  of  the  functions  of  other  parts,  to  refer  a^ain  to  the  uik?s 
of  elastic  membranes  and  ligaments.  The  ligamenta  subfiavu  and  the  ligamentum  nuchas 
are  important  in  aiding  tomaiotain  tbe  erect  position  of  the  tmdy  and  head,  and  to  restore 
this  position  when  flexion  has  been  produced  by  muscular  action.  Still,  the  contraction 
of  muscles  is  also  necessary  to  keep  the  body  in  a  vertical  position. 

Muscular  Movements 

Muscular  movements  are  observed  only  in  the  liigher  classes  of  nnlmals.  Low  in  tile 
scale  of  animal  life,  we  have  the  contractions  of  amorphous  substuncv  and  ciliary  motion ; 
knd,  in  some  vegetables,  movements,  even  attended  with  locomotion,  have  bijen  obsenrcd. 
These  facts  make  the  absolute  distinction  t>etween  the  two  kingdoms*  a  i^nestion  of  some 
diflSculty;  but  in  animals  only,  do  we  have  a  distinct  muscular  system. 

The  muscular  movements  capable  of  being  excited  by  stimulus  of  various  kinds  ari> 
divided  into  voluntary  and  involuntary;  and  generally  there  is  a  corresponding  division 
of  the  muscles  as  regards  their  minute  anatomy.  The  latter,  however,  is  not  altiw^»lut«; 
for  there  are  certain  involuntary  functions,  like  the  action  of  the  heart  or  the  movcraenli 
of  deglutition,  that  re<]uire  the  rapid,  vigorous  contraction  characteristic  of  tbe  voluntary 
muscular  tissue,  and  here  we  do  not  find  the  structure  characteristic  of  the  involnntary 
muscles.  With  a  few  excei>tions,  however,  the  anstonaical  division  of  the  muscular  tissno 
into  voluntary  and  involuntary  is  satfioieiiUy  distinct 
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n^f$M4^kal  Anatomy  of  the  Intoluntarif  Mu^eks, — We  have  so  often  Uescnbed  this 
,  as  it  is  found  in  the  vosculfir  sj^tem,  the  digestive  organs^  the  skin,  and  in  other 
,  thai  it  will  Dot  he  neceBsmy.  tn  this  conEection,  to  givtj  more  than  a  sketch 
t  ita  structure  find  mode  of  actitin, 
Tlwj  iuToluntiiry  mti»culur  system  presents  a  striking  contnii^t  to  the  voluntary  mua- 
,  DOl  only  in  ita  minute  anatomy  and  mode  ot  action,  but  in  the  armngenient  of  \U 
brea.  Whilo  tlie  voluntary  muscles  itre  almost  invariably  attached  by  their  two  extrem- 
[  to  movable  |>arf^  the  involuntary  muscles  form  sljeets  or  membranes  in  the  walls  of 
boUow  organs,  and,  by  Ujeir  contraetion,  tliej  simply  modify  the  capacity  of  the  cavities 
wtiieb  ih^y  enclose.  Varioos  names  have  been  given  to  this  tissue  to  denote  lU  di^itribu* 
tion,  mode  of  action,  or  structure,  TJie  name  involuntary  muscle  indicates  that  its  contrae- 
^on  is  not  under  the  control  of  the  will ;  and  thid  Is  the  fact,  the^e  muscles  bein^^  cbieliy 
[itm:ited  by  the  sympathetic  system  of  nerves,  while  the  voluntary  muscles  are  supf>lied 
inly  from  the  cerehro-spinal  syeteuL  On  account  of  the  peculiar  structure  of  these 
breOt  tiiey  have  been  called  rausculjir  fibre-cells^  smooth  muscular  fibres,  pale  fibres, 
"^llM^^lnated  fibre*,  fusiform  fibres,  and  contractile  cella.  Tlie  distributioti  of  these  fibres 
loptrts  concerned  in  the  organic  or  vegetative  functions^as  the  alimentary  canal,  has 
given  them  the  name  of  organic  muscular  fibres,  or  fibres  of  organic,  or  vegetative  life* 
It  isdifficah  To  is«'late  the  inclividajd  fibre?iof  this  tissue  in  microscopicnl  preparations: 
and,  when  seen  in  MitUy  their  borders  are  faint^  nnd  we  can  make  out  their  arrangement 
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W  bj  tbd  Appfiaraiice  of  their  nuclei,  Robin  recommenda  soaking  of  the  tisaoo  for  a  few- 
Jays  in  a  ruijclore  of  (me  part  of  ordinary  nitric  acid  to  ten  of  water.  This  renders  the 
fibft«  dark  and  granular,  makes  their  borders  very  distinct,  and  frequently  some  of  them 
btfome  entirely  isolated.  The  nnclei,  however,  are  obecilh?d.  In  their  natural  condi- 
Ciun.  the  filires  are  excessively  pale,  very  finely  in'anular,  flattened,  and  of  an  elongated 
i|iindIe-shApe,  with  a  very  long,  narrow,  almost  linear  nucleus  in  the  centre.  The  nu- 
I  £«iierall/  has  no  nudeohia,  and  it  is  sometimes  curved  or  shaped  like  the  letter  S. 
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The  ordinary  length  of  the«e  fibres  is  about  ^^,  and  their  breadth  aboat  ^^^  of  an  inch. 
In  the  gravid  uterus  they  undergo  remarkable  hypertrophy,  measuring  hero  from  ^ 
to  ^  of  an  inch  in  length,  and  ^^^  of  an  mob  in  breadth.  The  peculiarities  of  their 
structure  in  the  uterus  will  be  fully  considered  under  the  head  of  generation. 

In  the  contractile  sheets  fonued  of  involuntary  muscular  tissue^  the  fibres  are  arranged 
side  by  side,  are  closely  adherent-,  tind  their  extremities  art\  a»  it  werc^  dovo-tttile<l  into  each 
other.  Generally  the  borders  of  the  fibres  are  regular  and  their  e.^tremities  art*  simple; 
bat  sometimes  the  ends  are  furked,  and  tlie  borders  present  one  or  more  Httle  proje^ions. 
It  is  very  seldom  that  we  see  the  fibres  in  a  single  layer,  except  in  the  very  smaUeit  arte- 
riolcB.  Usually  the  layers  are  multiple,  being  superimposed  in  regular  order.  The  a<?tio& 
of  acetic  acid  is  to  render  the  fibres  pale^  so  that  their  outlines  become  almost  iudistin- 
gaiahable,  and  to  bring  out  the  nuclei  more  atrongly.  If  we  have  an  indistinct  sheet  of 
thifi  tissue  in  the  field  of  view,  the  addition  of  acetic  acid,  by  bringing  out  the  long,  nar* 
row,  and  curved  nuclei  arranged  in  regular  order,  and  by  rendering  the  fibrous  and  other 
structures  more  transparent,  will  otiten  enable  us  to  recognize  ita  character. 

Contraction  of  ths  Intoluntary  Mueeular  TUsue. — The  mode  of  contraction  of  the 
involuntary  muscles  is  peculiar.  It  does  not  take  place  immediately  upon  the  reception 
of  a  stimulus,  ap[ilied  either  directly  or  through  the  nerves,  but  it  is  gradual,  enduring  for 
a  time  and  then  followed  by  slow  and  gradual  relajtation.  A  description  of  the  peristaltic 
movements  of  the  intestines  gives  a  perfect  idea  of  the  mode  of  contraction  of  tiiese 
fibres,  with  the  gradual  propagation  of  the  stimulus  along  the  alimentary  canal,  as  the 
food  makes  it^  impression  upon  the  mucous  membrane.  An  equally  striking  illustration 
is  afforded  by  labor-pains.  These  are  due  to  the  muscular  cvmtractions  of  the  uterus^ 
and  they  last  from  a  few  seconds  to  one  or  two  minutes.  Their  gradual  access  continua- 
tion for  a  certain  period,  and  gradual  disappearance  coincide  exactly  with  the  hislorr  of 
the  contrnctions  of  the  involuntary  muscular  fibres. 

The  contraction  of  the  involuntary  muscular  tissue  is  slow,  and  the  fibres  return 
slowly  to  a  condition  of  repose.  The  movements  aro  always  involnntary.  Peristaltic 
action  is  the  rule,  and  tlie  contraction  takes  place  progressively  and  without  oscillationaL 
Contractility  persists  for  a  long  time  after  death.  Arrest  of  function  is  follow  cd  by  Uttlo 
or  no  atrophy,  and  hypertrophy  is  very  marked  as  the  result  of  exoggeraletl  aclion.  Ex- 
citation of  the  nerves  has  less  influence  upon  contraction  of  these  fibres  than  direct  exci- 
tation of  the  muscles.  The  involtmtary  muscular  tissue  is  resreneraled  verj'  rapidly,  while 
the  structure  of  the  voluntary  muscles  is  restored  with  great  dlfiiculty  alter  destruction 
or  division.    (I^gros  and  Onimus.) 

Physiological  Anatomy  of  ths  VoUmtartf  Mmdei* — A  voluntary  muscle  is  tlie  mo«t 
highly  organized  and  is  possessed  of  the  most  varied  endowments  of  all  living  strncturesL 
It  contains,  in  addition  to  its  own  peculiar  contractile  substance,  fibres  of  inelastic  and 
elastic  tis«iue,  adipose  tissue,  nuraorous  bh>t>d- vessels,  nerves,  and  lymphatics,  with  certain 
nuclear  and  cellular  anatoraical  elenients.  The  muscular  system  in  a  well -proportioned 
man  equals,  according  to  Sappey,  about  two-fiflhs  of  the  weight  of  the  body.  Its  nutri* 
tion  consumes  a  large  proportion  of  the  reparative  material  of  the  blood,  wbile  its  dlsas* 
similation  furnishes  a  correspondiog  quantity  of  excrementitioua  matter.  The  condition 
of  the  muscular  system,  indeed,  is  an  almost  unfailing  evidence  of  tlie  genertU  state  of 
the  body,  allowing,  of  course^  for  peculiaritica  in  different  individuals.  Among  the 
oharacteristic  properties  of  the  muscles  are,  elasticity,  a  constant  and  insensible  tendenoy 
to  contraction,  called  tonicity,  the  power  of  contracting  forcibly  on  the  reception  of  % 
proper  stimulus,  called  irritability,  a  peculiar  kind  of  sensibility,  and  the  faculty  nt  gtn* 
erating  galvanic  currents.  ThI  relations  of  particular  muscles,  as  taught  by  descriptive 
anatomy,  involve  special  functions;  but  the  most  inreresting  physiological  point*  coo* 
nected  with  this  system  relate  to  the  general  properties  and  functions  of  the  muscles*  and 
must  necessarily  be  prefaced  with  a  sketch  of  their  general  anatomy. 
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If  bfis  been  clemonstratM  hr  miDute  di&sectloQ  tliat  all  of  the  re<1^  or  voluntary  mua- 
cle9iirQ  xnnde  tip  af  a  great  munber  of  microscopic  fibres,  known  as  the  primitive  iDuacuIar 

lictalS.    Tlicse  are  Cftlle<l  red,  striated,  or  voluntary  fibres,  or  the  fibres  of  animal  life. 

ptr  «troctar©  is  complex,  and  they  may  be  subdivided  long^itndinally  into  fibril  he,  imd 
tr  into  disks  so  tliat  It  tt»  Bomewliat  doubtful  aa  to  what  is,  strictly  speaking, 

ll  •  anatomical  element  of  the  mtascular  tii^'^oe. 

A  primitive  mascnlar  fasciculnsi  runs  the  entire  length  of  the  muscle,  and  \»  enclosed 
in  it^  own  sheatti,  without  branching  or  ino^'nlatlon.  TIdi4  i^heath  contaio:^  the  trae 
tnuefcitlAr  substance  only,  and  it  is  not  penetrated  by  blood-ve^^cl*,  nerves^  or  lympbatiea. 
If  w^  examine  with  the  microscope  a  thin,  transver^k*  section  of  a  muscle,  the  divided  ends 
ol  tb<  fibres  will  present  an  irregularly  polygonal  form,  with  rounded  corners.  They 
Bonn  to  be  cylindriral,  however,  when  viewed  in  their  length  and  isolated.  Their  color 
l*y  iranMiiitted  light  13  a  dvlicate  umber,  resembling  somewhat  the  color  of  the  blood- 
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The  primitive  fuscicnli  vary  very  much  in  si7:e  in  different  individualf',  in  the  same 
J«<llvtdiial  under  ditferent  conditions,  and  iti  d liferent  muscles.  As  a  rule,  they  are  smaller 
«i  joung  fHirsons  and  in  females  than  in  adult  males.  They  are  comparatively  small  in 
I'cpwiuof  ftUght  muscular  deveh>pment.  In  persons  of  great  muscular  vigor,  or  when 
unjfeneral  mn*;c«hir  system  or  prtrticular  muscles  have  been  increaaed  in  size  and  power 
T  eii*rage»  the  fasciculi  are  relatively  larger.  It  is  probable  that  the  physiological 
^f*»»i  in  the  size  of  a  muscle  from  exercise  is  due  to  an  increase  in  the  size  of  the  pre- 
<^4stiag  fasciculi,  and  not  to  tli©  formation  of  any  new  elementa.  In  young  persons,  the 
U 
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foscioali  are  from  j^^^  to  y^^  of  an  mcli  in  diameter.    In  the  ad  alt,  ihejr  mcaanrc  I 

Tho  ftppearajice  of  the  primitive  roiiscular  fa^^icali  under  the  microscope  Is  chamater 
tic  and  nnmis^takable.     Tiiey  present  regulai',  tranarerse  striae,  farmed  of  alteroutiti}^  dar! 
and  clear  bands  aboot  yt^vts  ^f  an  in^^  wide.    These  are  generallj  very  dtstinft  in  health 
muscles.     In  addition^  we  frequently  observe  longitudinal  istria?,  not  so  distinct,  and  quit* 
difficult  to  lollow  to  any  extent  in  the  length  of  the  fasciculus,  hut  tolerably  well  inarkc<l, 
particularly  in  iuui><.des  that  ai'c  habitually  exercised.    The  niu&cular  substance^  prt'*t?nt- 
ing  Uiis  peculiar  striated  appearance,  is  enclosed  in  an  excessively  thin  hut  elastic  and^ 
resisting  tubular  membrane,  cfJled  the  sareolemma  or  myolemma,  which  is  probabl 
composed  of  the  same  substance  as  the  elastic  tissue.    This  euvelupe  cannot  be  seen  t: 
ordinary  preparations  of  the  muscular  tissue ;  but  it  frequently  happens  that  the  con 
tractile  muscmlar  substance  is  broken,  leaving  the  sareolemma  intact,  which  gtve<«  ■ 
view  of  the  nieiubrane  and  conveys  an  idea  of  its  strengtli  and  elasticity.    Attached  lot' 
the  inner  surface  of  the  sareolemma,  are  numerous  small,  elongated  nuclei  with  their 
long  diameter  in  the  direction  of  the  fasciculi.     These  are  usually  not  well  seen  in  llio 
unaltered  muscle,  but  the  addition  of  acetic  acid  renders  the  musciilar  substance  p.ile  and 
destroys  the  striae,  when  the  nuclei  become  very  distinct. 

Water,  after  a  time,  acts  upon  the  muscular  tissue,  rendering  the  fasciculi  somcwhai 
paler  and  lar;_^er.  Acetic  acid  and  alkaline  solutions  efface  the  sCria%  and  the  tibren 
become  semi  transparent.  In  fasciculi  that  are  sligrhtly  decomposed,  there  Is  frequently  a. 
separation  at  the  extremity  into  numerous  smaller  fibres,  called  fibrillar.  Thet»e,  when 
isdated,  present  the  same  striated  appearance  as  the  primitive  fa.*ciculus;  viz.,  aliem.at« 
dark  and  ligltt  portions.  They  measure  about  ^iinr  *^1  ^^  ^^^'^^  ^  diamet«<r,  and  tljeir 
number,  in  tlie  largest  primitive  fibres,  is  estimated  by  Kolliker  at  about  two  tbou^nnd. 
The  structure  of  the  tibrilhe  is  i»robably  uniform,  the  aitpcanmce  of  uUernute  dark  aiid 
light  segments  being  due  to  ditferences  in  thickness.  In  fact,  it  is  well  known  that  w  at^^i 
by  its  simple  mechanical  action,  swells  the  tibriDiB  and  causes  the  striie  to  diHuppeur. 

Late  researches  have  shown  that  the  interior  of  each  primitive  fasciculus  b  jicn^ 
trated  by  an  excessively  delicate  membrane,  closely  surrounding  the  tibrilliie.     Tliiti 

arrangement  may  be  distinctly  seen  in  a 
thin  section  of  a  fibre  treated  with  a  Siilu- 
tion  of  salt  in  water  in  the  proportion  %*(\ 
five  parts  per  thousand.  The  arrangement 
of  this  membrane,  which  is  notliing  more 
nor  less  than  a  series  of  tubular  sheatlisj 
for  the  fibrilhe,  is  a  strong  argument  In 
liivor  of  the  view  that  tho  Hbrilhi  is  the  ana* 
tumieal  element  of  the  mus*nilar  tissue. 

When  we  come  to  the  question  of  Lite 
real  anatomical  element  uf  the  muscular  tis- 
sue, there  are  only  two  reasonable  views 
that  present  themselves*     One  is  that  any  i 
subdivision  of  the  primitive  fasciculus  isarti- 
ficial,  and  that  it,  with  its  inventing  mem- 
brane, the  sareolemma,  is  tlie  true  element.  I 
An  arguinent  in  favor  of  this  opinion  is  that  | 
the  tissue  is  most  readily  separated  Into  fas* 
ciculi,  each  enclosed  in  its  own  ruernhrtiut?  I 
and  not  penetrated  by  vessels,  n^ 
lymphatics;  while  the  fibrilhe  are 

in  a  reticulum  of  canal«,  from  which  they  cannot  readily  be  isolated,     The  other  opinion 

that  the  tibriJlaj  are  the  ultimate  elements,  is  based  upon  the  fact  that  Hh^ 
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prmmi  ibe  sina>  and  all  the  anatomical  eliaracteristics  of  the  primitive  fasoicuJi^  and  that 
bj  far  Uitf  mu&t  natural  and  ea^jr  modu  of  separutioQ  of  these  fasciculi  h  l»  a  longi- 
luditiai  dife<tion.  Th^  (|n<^<»Uon  of  adopting  one  or  tLe  other  of  theses  views  b  not  of 
very  great  phjsiologtcal  tmportauce. 

/V'^A'T/s  and  Adipose  TUaue  in  the  Voluntary  Muscles. — The  structure  of  the  mos- 
.  .L-  <i  ikini'lj  ilhi^tratea  the  rdationa  between  the  principal  and  th<^  acces&ory  anatomi- 
cal cluta.  [ir^  it  ii-siies.  ThiO  ciiaracteristic,  or  principal  element  is,  of  courBe,  the  mus* 
euJ  tr  lii»ri  .'I-  tiln  ilia  ;  but  wo  also  find  in  tho  aubstant-'e  of  the  museles  certain  anatonu- 
cal  element*,  not  peculiar  to  the  muscleit^  and  merely  accessory  in  their  function,  hut 
none  the  le^*  necessary  to  their  proper  constitution.  For  example*  every  muscle  is  com- 
posed of  a  number  of  primitive  fasciculi ;  but  these  are  gathered  into  secondary  bnndleS| 
which  in  turn  are  eollected  into  bundles  of  greater  and  greater  eize,  until,  finally,  the 
whole  muscle  is  enveloped  in  its  sheath  and  is  penetrtited  by  it  t)brous  connective  sub- 
stance. We  find,  probably,  in  the  muscles,  the  b^st  illustration  of  the  structure  of  what 
ii  known  as  the  connective  tissue. 

C&nntetiee  Tiaue, — We  have  already  had  occasion  to  refer  to  eertain  of  the  elements 

of  connective  tissue,  more  esi>ecially  the  inelastic  and  elastic  fibres.    In  this  conneclion, 

wo  shall  trent  sjiecially  of  the  connective  tissue  of  Uie  muscles;  but  our  description  will 

answer  for  almost  all  situations  in  which  fibrous  tissue  eiists  merely  for  the  purpose  of 

boliUat;  parts  together.     In  the  muscles,  we  havfi  a  membrane  holding  a  number  of  the 

primitive  fasciculi  into  secondary  bundles.      This  is  known  as  the  perimysium.    The 

fibman  mciiibranes  tlmt  connect  together  these  secondary  bundles  with  their  contents 

m^  enclosed  in  a  aheath  cuvtlopinj:  the  wliole  miiaele,  sometimes  called  the  external 

pfTiTjijRlum.     The  peculiarity  of  tbeso  membranes,  nnd  their  distinction  from  the  sar- 

o^lemnift,  fire  that  tliey  have  a  fibfous  structure  and  are  connected  together  tbmughout  the 

muaele,  while  the  tubes  forming  the  sarcolemma  are  structureless,  and  each  one  is  dis^ 

tmct. 


Fra,  lyK—FiWf^  'f  (ffhion  of  lft«  hnman  tttj^.    (fiolltftt.) 

Tilt  name  nmv  most  f?encru!ly  a«lopted  for  the  tissue  under  consideration  is  connec- 
'^ tissue.  It  hits  bpcn  called  cellubir,  areolar,  or  fibroua,  but  most  of  these  names  were 
^^^n  ti>  ii  withf»ut  a  cl<*ar  idea  of  its  fftructure.     Its  principal  anatomical  element  h  a 

f«of  exccsisive,  almoet  immcasurablcs  tenuity,  wavy,  and  with  a  single  cont<:mr.    These 

f t«  4f<>  connected  into  bondlcH  of  very  variable  size  and  are  held  toprether  by  an 
•jilitvu*  amorphous  stibstance.  The  wavy  Hnea  that  mark  the  bundles  of  fibres  give 
«eni  i  very  chara<^teri!jtlc  appearance, 

^»«  direction  and  arrangement  of  the  fibres  in  the  various  tissues  present  marked 
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dlfierencea.  In  the  loose  areolar  tissue  beneath  the  skin  and  between  the  mQselei^  Asd 
in  tht)  louse  stmcture  surronndiD^  some  ol'  the  glands  and  connecting  the  sheaths  of 
blfKxj -vessels  and  nerves  to  the  adjacent  pail^i  the  bundles  of  fibres  form  a  large  net- 
work and  are  very  wavy  in  their  course.  In  the  strong^  dense  membranes^  aa  the 
ftponeiiro8i;s,  the  proper  coata  of  many  glands,  the  periosteum  and  perichondrinm,  and 
the  Bcroiis  membranes,  the  waves  of  the  tibres  are  shorter,  and  the  fibres  theinselres 
interlace  much  more  chjsely.  In  the  ligaments  and  tendons,  the  fibres  are  more  nearlj 
straight  and  are  all  arranged  longitudinally. 

On  the  uddition  of  aeetic  acid,  the  bundles  of  inelastic  fibres  swell  up,  become  semi- 
transparent,  and  the  nuclei  and  elastic  fibres  are  bronght  out  The  proportion  of  elastic 
fibres  diflers  very  much  in  different  situations,  but  they  are  all  of  the  smallegt  variety^  and 
they  present  a  strikhfig  contrast  to  the  inelastic  fibres  in  their  form  and  size,  Altbongh 
they  are  still  very  small,  they  always  present  a  doahle  contour. 


p.  Wt^^Lo096  n«t-tt^t  Q^  C0fm§sii€^  Uttw  from  th*  hnmnn  »uffjt^  th^wtnff  ths  ^brtt  ttnd  etU*^ 

Ol  a,  a  capillary  l4«od-Te««oL 


(Bdlftt.) 


Certain  Ci*llular  and  nuclear  elenaents  are  always  found  in  the  connective  tif^ue.  Tho 
cells  have  heen  descrihed  under  the  name  of  connective-tissue  cells.  They  are  Tery 
irregular  in  size  and  form,  some  of  them  being  spindle-shaped  or  caudate^  and  otliera, 
star-shaped.  They  possess  one,  and  sometimes  two  or  three  clear,  ovoid  nuclei,  with 
distinct  nucleoli.  On  the  nddition  of  acetic  acid  the  cells  disappear,  hut  the  nuclei  are 
tinaflTected.  TJicae  nrc  the  fibro-plastic  elements  of  Lebert,  and  the  embryo-plastic  ele- 
ments of  Hohin.  It  is  inipossihle  to  give  any  accurate  nieaaurements  of  the  celJa»  on 
account  of  their  great  variations  in  size.  The  length  of  the  nuclei  U  from  ^Vj  *<*  lAi 
of  an  inch,  and  their  diameter,  from  ^5^^^^  to  j-^-^  of  an  inch.  Tlie  appearance  of  the 
connective  tissuoi  with  a  few  cells  and  nuclei,  is  represented  in  Fig.  157. 

Between  the  mascles,  and  in  the  stibstance  of  the  mnscles  between  the  bandk«  of 
fibres,  there  always  exists  a  greater  or  less  quantity  of  adipose  tissue  in  the  meshes  of 
the  fibrous  structure. 

Bhod-Teufli  and  Lf/fnphatir», — The  muscles  are  abundantly  supplied  witb  blootl-ves- 
»el4|  generally  by  a  numhcr  of  small  arteries  with  two  satellite  veins.    The  capiUary 
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ftfrAngement  in  this  tissue  la  peculiar.  From  the  smallest  arterioles,  oaptUfirr  rea^U  are 
^Tea  otf»  arranged  in  a  net-work  with  tokTublj  rc^'ukr,  t*blunj.%  rectangulttr  meshes, 
their  long  diameter  following  the  direction  of  tlie  fibres.  These  envelop  each  primitlvo 
fascioolas,  encloising  it  completely,  th**  arterj  aud  vein  being  upon  the  snme  side.  The 
capillaries  are  smaller  than  in  any  other  part  of  tlie  vascular  system.  When  distended 
with  blood  they  are  from  ^Vu  ^^  yj^sh  ^^  ^^  ^^^^^  i^  diameter ;  and  when  empty  tlieir 
diameter  is  from  j-^^ji  ^^^  tV^v  ^^  ^^  Inch. 

Tho  arrangement  of  the  lymphutics  in  the  muscles  has  never  been  definitely  ascer- 
(sd.  There  are  numerous  lymphutics  surrounding  the  large  vase uJai*  trunks  of  the 
mitii^s  and  of  the  abdominal  and  thoracic  w  alls,  which^  it  would  appear,  must  come 
from  the  substance  of  the  muscles;  but  they  have  never  been  traced  to  their  origin* 
8appey  has  succeeded  in  iiyecting  lymphatics  upon  the  surface  of  some  of  the  larger 
niQscles,  but  he  has  not  boon  able  to  follow  them  into  the  muscular  substance. 


Canneethn  <^  th^  MutcU^  xoith  the  Tendom.—li  is  now  generally  admitted  that  the 
pnmlHve  muscular  fasciculi  tcnulnatc  in  little  conicfd  extremities^  which  are  received 
into  corresponding  depressions  in  the  bundles  of  tibres  composing  the  tendons;  but  this 
tmion  is  so  close,  that  the  muscle  or  the  tendon  may  be  ruptured  without  a  scpiiratlon  at 
ttie  point  of  union.  In  the  penuiform  muscles  this  arrangement  is  quite  unilbrm  aud 
elegant.  In  other  ronscles  it  is  essentially  the  same,  but  the  fKTimysium  seems  t-o  be  con- 
tiaaoos  with  the  loose  areolar  tissue  enveloping  the  corresponding  tendinous  bundles. 

Ch^nncat  Compoaition  of  the  Mu»cU4. — Wo  are  ai  yet  so  litlle  acquainted  with  the 
esaet  constitution  of  the  nifrogcnized  constituents  of  the  body,  that  wo  cannot  ai>preciuto 
ih*)  nature  of  all  the  proximate  principles  that  exist  in  the  muscular  substance.  The 
most  important  of  these  is  mnseuline.  This  resembles  fibrin,  but  it  presents  certain  points 
of  dltTerenc^  in  its  behavior  to  reagents,  by  which  it  may  be  readily  distinguished.  One 
of  ita  peculiar  properties  is  that  it  is  disssolved  at  an  ordinary  temperature  by  a  misture 
of  one  part  of  hydrochloric  acid  and  ten  of  water. 

The  mnsoular  substance  is  permeated  by  a  Huid,  called  the  mnscnlar  juice,  which  con- 
Ubi  a  peculiar  coagalttble  principle  called  myosine. 

Combined  with  the  organic  principle*,  we  find  a  great  variety  of  mineral  salts  in  the 
n»i«f»nliii-  ^tibstimce,  that  cannot  be  separated  without  incinerntion.  Cert.^in  excromen- 
'  rs  have  also  been  found  in  the  nniscles;  imd  probably  nearly  all  of  those 
uy  the  kidneys  exist  here,  although  they  are  taken  up  by  the  blood  as  fast  as 
^ey  are  produced  and  are  consequently  detected  with  difliculty.  The  muscles  also  con- 
liin  InoMtc,  ino>ic  acid,  lactic  acid,  and  certain  other  acids  of  fatty  origin.  During  life, 
t^ii!  mn^cul.ir  fluid  is  slightly  alkaline,  but  it  becomes  acid  soon  after  death.  The  muscle 
it^lf,  during  contraction,  has  an  acid  reaction.  The  muscular  juice  is  alkaline  or  neutral 
afWf  mi>d*rate.  exorcise,  aa  well  as  during  complete  repose ;  but,  w  hen  a  mnscle  is  made 
^  ttndcrgo  excessive  eiercise,  the  lactic  acid  exists  in  greater  quantity,  and  the  reaction 
l»ecome6  acid, 

PhyBiological  Properties  of  tfie  Muscles. 

The  general  properties  of  the  striated  muscles,  as  distinguished  from  all  other  tissnes 
^'I'cpt  tho  invithmtary  mus<^le«i,  are  as  follows:  L  Elasticity;  2.  Tonicity;  3,  Sensi- 
''liitv  uf  ;i  pi'oulijir  kind  ;  4.  Contractility,  or  irritability.  These  are  all  necessary  to  the 
I'hj'iioktgicai  action  of  the  muscles,  Their  elasticity  is  brniight  into  play  in  opposing 
Muscles  or  sets  of  muscles;  one  set  acting  to  move  a  part  and  t^j  extend  the  antagonistic 
aiQadai,  which,  by  virtue  of  their  elasticity,  retract  when  the  extending  force  is  rem o?ed. 
Twif  tonicity  is  an  insensible  and  a  more  or  loss  constant  contraction,  by  which  the 
■^m  ef  opponng  muscles  is  balanced  when  both  are  in  the  condition  of  what  we  call 
^*e,    Tlreir  sensibility  is  peculiar  and  is  expressed  chiefly  in  the  sense  of  fatigue  and 
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in  the  appreciation  of  weigbt  and  of  reatstance  to  contraction.  Their  cootractilitj  or 
irritability  is  the  property  which  eunbles  them  to  contract  and  exert  a  certain  amount  of 
mechanical  force  nnder  the  proper  stimulas.  AU  of  these  general  properties  etrictly 
belong  to  physiology^  as  do  Bome  ipecial  acts  that  are  not  neceasanly  involved  in  the 
atndy  of  ordinary  descriptive  anatomy. 

Elasticity  of  MuscUs. — The  true  nmsonlar  anbatance  contained  in  the  sarcolemma  h 
eminently  contractile;  and,  although  it  may  possess  a  certain  degree  of  elasticity^  this 
property  is  most  strongly  markml  In  theacceasory  anatomical  elements.  The  interstitial 
tihroas  tissue  Is  loose  and  possesses  a  certain  number  of  elastic  fibres,  and,  as  we  have 
seen,  the  sarcolemma  is  very  elastic.  It  is  probably  the  sarcolemraa  that  gives  to  the 
muscles  their  retractile  power  after  simple  extension. 

It  is  unueceasary  to  follow  out  in  detail  all  of  the  numerons  experiments  that  hM9% 
been  made  iipjon  the  elasticity  of  mu&cles.  There  is  a  certain  limits  of  course,  to  their 
perfect  elasticity  {uDderstanding  by  this  the  degree  of  extension  that  is  followed  by  com* 
plete  retraction),  and  this  cannot  bo  exceeded  In  the  human  snbject  without  dislocation 
of  partA.  It  has  been  found  by  Marey,  that  the  gastrocnemius  muscle  of  a  frog,  detached 
from  the  body,  can  be  extended  about  one-fiftieth  of  an  inch  by  a  weight  of  a  little  more 
than  three  hundred  grains.  This  weight,  however,  did  not  extend  the  muscle  beyond 
the  limit  of  perfect  elasticity.  The  muscle  of  a  frog  of  ordinary  size  was  extended  beyond 
tlie  possibility  of  complete  restoration,  by  a  weight  of  about  seven  hundred  and  My 
grains.  Marey  also  showed  that  fatigue  of  the  muscles  increased  their  extensibility  and 
diminished  their  power  of  stibsequent  retraction.  This  fact  has  an  application  to  the 
physiological  action  of  muscles;  for  it  is  well  known  that  they  are  unwau ally  relaxed 
during  fatigue  after  excessive  exertion,  and,  as  we  should  expect,  tliey  are  at  that  time 
more  than  ordinarily  extensible. 

MuMuhr  Tonicity, — The  muscles,  under  normal  conditions,  have  an  insensible  and 
a  constant  tendency  to  contract,  which  is  more  or  less  dependent  upon  the  action  of  the 
motor  nerves.  If,  for  example,  a  muscle  be  cut  across  in  a  surgical  operation,  the  divided 
extremities  become  permanently  retracted ;  or,  if  the  muscles  of  one  side  of  the  face  be 
paralyzed,  the  muscles  n[»on  the  opposite  side  insensibly  distort  the  features.  It  is  diffi- 
cult to  explain  tliese  phenomena  by  assuming  that  tonicity  is  due  to  reflex  action,  for 
there  is  no  evidenco  that  the  contraction  takes  place  as  the  consequence  of  a  ^imnlas. 
All  that  we  can  say  is,  that  a  muscle,  not  excessively  fatigued,  and  with  its  nervous 
connections  intact,  is  constantly  in  a  state  of  insensible  contraction,  more  or  less  morkeil, 
and  that  this  is  an  inherent  property  of  all  of  the  contractile  tisanes. 

SensthiUty  of  the  Mtxscles. — The  muscles  possess  to  an  eminent  degree  that  kind  of 
aensibility  which  enables  ua  to  appreciate  the  power  of  resistance,  immobility,  and  elaft- 
ticity  of  substances  that  are  graspe<l,  on  which  we  treatl,  or  which,  by  their  weight,  are 
opposed  to  the  exertion  of  muscular  power.  It  is  by  the  appreciation  of  weight  and 
resistance  that  we  regulate  the  amount  of  force  rerjuired  to  occomplish  muscular  acta. 
These  properties  refer  cliiefly  to  simple  muscular  efforts.  After  long-continued  exertion 
we  appreciate  a  sense  of  fatigue  that  is  peculiar  to  the  muscles.  It  is  diflicult  to  separate 
this  entirely  from  the  sense  of  nervous  exhnustian,  liut  it  seems  to  he,  to  a  certain  extent, 
distinct;  for,  when  sufferinc  from  the  fatigue  tliat  follows  over-exertion,  it  seems  as 
though  we  could  send  a  nervous  stimulus  to  the  musolc(»»  to  which  they  are,  for  the  tiimv 
unable  to  respond.  When  we  come  to  consider  fully  the  subjects  of  museutur  and  ner- 
vous irritability,  we  shall  see  that  these  two  properties  are  entirely  distinct,  and  that  wo 
may  exhaust  or  destroy  the  one  without  necessarily  affecting  the  other. 

When  the  muscles  are  thrown  into  spasm  or  tetanic  contraction,  a  peculiar  sensation 
is  produoedi  entirely  difierent  from  painful  impressions  made  upon  the  ordinary  sensitlTe 
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nerres.  In  tho  cramps  of  cholera^  tetanus,  or  the  convuUioDs  from  strychnine,  these 
ili(*tre»«ing  sensations  are  very  marked.  The  so-called  recuprent  sensibility  of  the  anierior 
iri>ntB  of  the  spinal  nerves  is  probably  dne  in  part  to  the  tetAnic  conlractiocs  produced  by 
Ivanizin^  these  dlamenta.  This  question,  however,  will  ho  taken  up  again  in  connection 
with  llio  ntjrvons  system. 

If  the  mnsflos  possess  any  general  sensibility,  it  is  very  faint.  A  nmsole  may  be 
lacerated  or  irriUted  in  any  way  without  prodncing  actual  pain,  although  we  always  can 
upprLH'iaie  the  contraction  produced  by  irritants  and  the  sense  of  tension  when  tho  mus- 
cles are  drawn  upon. 


liuiculir  Contractility^  or  IrTiinhitity. — Physiologists  now  regard  muscular  irrita* 
Ulily  as  synonycjou^i  with  contractUity ;  and,  [jcrliaps,  the  latter  term  more  nearly 
expresses  the  fact,  although  the  terra  irritability,  applied  to  the  nerves^  and  even  of  lato 
years  to  the  glands,  is  one  very  generally  used. 

By  irritability  we  understand  a  property  belonging  to  highly-organized  parts^  which 
hies  them  to  perform  certain  peculiar  and  characteristic  functions  in  obedience  to  a 
iper  stimulus.  In  the  sense  in  which  the  term  is  generally  received,  it  is  proper  to  apply 
it  1o  any  tissue  or  organ  that  performs  it^  vital  function,  so  called,  under  a  natural  or  an 
IQcial  stimolus,  Tho  nerves  receive  impressions  and  carry  a  etiruulus  to  the  muscles, 
ing  them  to  contract.  This  property,  which  ia  always  present  during  life,  under  normal 
conditions,  and  which  persists  for  a  certjuu  period  after  death,  is  called  nervous  irritability, 
Ii  has  lately  been  shown  that  the  application  of  a  proper  stimulus  will  induce  secretion  by 
tite  iilunds:  and  Bernard  has  called  this  glandular  irritability.  The  application  of  a  stiiu- 
(ila-*  to  the  muscular  tissue  causes  the  tibres  to  contract;  and  this  is  muscular  irritability. 
As  it  always  involves  contraction  and  is  extinct  only  when  the  muscles  csm  no  longer  act, 
it  \%  equally  proper  to  call  thia  property  contractility.  No  property,  such  as  we  tmder- 
Itund  hy  this  definition  of  irritability,  is  manifested  by  tisanes  or  organs  that  have  purely 
pis^iTe  or  mechanical  functions,  such  as  bones,  cartilages,  and  fibrous  or  elastic  mem- 
IkRinfts.  Tho  term  irritability  can  only  be  applied  properl}^  to  nerves  or  nerve-centres, 
to  coQ tractile  structures,  and  to  glands, 

fiaring  life  and  under  normal  conditions,  tho  mnscles  will  always  contract  in  obe- 
(liftice  to  a  proper  stimulus  applied  either  directly  iw  throu«;h  the  nerves.  In  the  natural 
action  of  the  organism,  this  contraction  is  induced  by  nervous  influence  through  reflex 
iftiijTi  or  volition.  Still,  a  muscle  may  be  living  and  yet  have  lost  its  contractility. 
Ft^r  example,  after  a  muscle  has  been  for  a  long  time  paralyzed  and  disused,  the  applica- 
ticmof  the  most  powerful  galvanic  excitation  will  fail  to  induce  contraction.  But^  when 
w^eiiimine  such  a  muscle  with  the  microscope,  it  is  fonml  that  the  nutrition  has  become 
f*t*»fouDdly  aliected,  and  that  the  contractile  substance  has  disappeared,  giving  pkice  to 
inert  fatty  matter.  Muscular  contractility  persists  for  a  certain  time  after  death  and  in 
niiisrles  separated  from  the  body;  and  this  fact  has  been  taken  advantage  of  by  pliysiolo* 
^'*t»  ia  ibo  »tndy  of  the  so-called  vital  properties  of  the  muscular  tissue.  "We  have 
already  5.cen  that  a  muscle  detached  from  the  living  body  continues  for  a  time  to  respire, 
intl  probably  it  undergoes  some  of  the  changes  of  disnssimilation  observed  in  the  organ* 
"lu.  So  long  as  these  changes  are  restricted  to  the  limits  of  physicid  and  chemical  integ- 
^**y  of  the  fibre^  contractility  remains.  As  these  processes  are  very  slow  in  the  cold- 
"M«l  animals,  the  irritability  of  all  the  parts  persists  fcir  a  considerable  time  after 
fieath.  We  have  repeatedly  demonstrated  muscular  contractility,  several  days  after 
il«ath,  in  alligators  and  turtles. 

In  the  human  subject  and  the  warm-blooded  animals,  the  mnscles  cease  to  respond  to 
^citiition  a  few  hours  after  death,  although  the  time  of  dissippen ranee  of  irritability  is 
'^  variable.  Nysten,  in  a  number  of  experiments  upon  the  disappearance  of  contrac- 
*^^ily  in  tfie  hnman  subject  after  decapitation,  found  that  different  parts  lost  their  con- 
^^tiliiy-  at  different  periods,  but  that  generally  this  depended  upon  exposure  to  the  air. 
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With  the  exception  of  the  right  auricle  of  the  heart,  the  mtiscles  of  the  valuntary  nj 
tern  were  the  last  to  lo&e  their  irritability*     In  one  instance,  certain  of  the  vuluntiir 
muscles  that  hail  not  been  exposed  retiiined  then'  contracttlitv  geveu  hours  and  Ijftv  ujin-. 
tites  after  death,    lljtf  ohservatiuna  of  Lonj^et  and  Mui^M>n  i^haw  that  a  galvanic  bhotk,! 
fliifficientlj  powerful  to  produce  death,  instantly  destroys  the  irritability  of  the  iuu»cnll 
tiBSuo  and  of  the  motor  nerves. 

One  of  the  most  important  qnestions  to  determine  with  re^'ard  to  muscnlar  irTitabilitj 
is  whether  it  be  a  property  inherent  in  the  muHcular  tissue  or  derived  from  the  ncr^ou 
systcnj.     The  faet  tbat  muscles  can  be  excited  to  more  powerful  and  regular  coDtrarti*iOf 
by  stimululiug  tbe  motor  nerves  than  by  operating  directly  up<»n  their  subi>tanee.  and  tlii»l 
great  ditficulty  in  tracing  the  nerves  to  their  termination  in  tlie  muscles,  have  led  to  th#| 
view  that  muscular  contractility  is  dependent  upon  nervous  intluence^  and  conseqocntlyj 
that  the  muscles  have  no  irritability  or  contractility,  as  a  property  inherent  in  their  own 
substance.     Thiii  doctrine^  however,  cannot  be  su^itained. 

The  experiments  of  Longet^  published  in  1841,  presented  almost  conclusive  proof] 
of  the  independence  of  muscular  irritability.  Ho  resected  the  facial  nerve  and  foumlj 
that  it  ceasod  to  respond  to  uiecbanlcal  and  galvanic  stimulus^  or,  in  other  words,  loi^Ci 
its  irritability,  after  the  fourth  day.  Operating,  however,  upon  the  muscles  «tjpplicj 
exclusively  with  filaments  from  this  nerve,  he  found  tbat  they  responded  j)roniptly  to 
mechanical  and  i^alvanio  irritation,  and  that  they  continued  to  contract,  under  stimu- 
lation, for  more  than  twelve  weeks.  Jo  some  farther  experiments  It  was  sliown  ihat^J 
while  the  contraetility  of  the  muscles  could  be  seriously  influenced  through  the  ner-j 
vous  system,  this  was  effected  only  by  modifications  in  their  nutrition.  When  the 
mixed  nerves  were  divided,  the  nutrition  of  the  muscles  was  generally  disturbed  ;  and,] 

although  muscular  irritability  persisted  for  some  time 
alter  tlie  nervous  irritability  had  disnjipeared,  it  be-j 
came  very  much  diminished  at  the  end  of  six  werkai^ 
These  experiments  are  very  j?triking  and  satisfactory  ;j 
but  the  whole  question  v^ixa  definitively  settled  by  the 
observations  of  Bernard  upon  the  peculiar  indoence  < 
the  woorara-poison  and  the  ftnlphocyantdc  of  potitS'^ 
'^^f^^^'  \      stum.     As  the  result  of  these  experimentfi,  it  wa 

ascertained  that  some  varieties  of  wooriira  dostroj 
the  irritability  of  the  motor  nerves,  leaving  the  b^n^ 
sitivG  filaments  intact.    If  a  frog  be  poisoned  by  intro 
dncing  a  little  of  this  agent  under  tbe  sLlti,  irritiitiou,^ 
galvanic  or  mechanical,  applied  to  an  exposed  ner^e, . 
fails  to  produce  theslightest  muscular  contraction ;  hot,  \ 
if  the  stimulus  be  applied  directly  to  the  musclea,  they  | 
will  contract  vigorously.     In  this  way  the  nerres  arc^ , 
.^,^.         as  it  were,  dissected  out  from  tbe  muscles ;  and  the  dis- 
i  \\      covery  of  an  agent  that  will  paralyze  the  nerves  with- 
out afiecting  tlie  muscles  affords  conclusive  proof  that  | 
tbe  irritability  of  these  two  systems  is  entirely  di*.tinct,  i 
If  a  frog  be  poisoned  with  sulphocyanide  of  potast^iuuii 
precisely  the  contrary  effect  will  be  observed  ;  that  l\i 
Tm.  m-Froff'$  Uu»  pf'*f}ari4»o  a4  to   ^he  niuscles  will  become  insensible  to  excitation,  while 
c  M,ni,    the  nervous  system  is  unaffected.    This  fact  mayhap 

:\^   demonstrated  by  applying  a  tight  ligature  around  the! 
.luitcj  i.ne»)    l)ody  in  tlie  lumbar  region,  involving  all  the  parts  ex- 
cept the  lumbar  nerves.     If  the  poison  be  now  intro*| 
ducod  beneath  the  skin  of  the  jiarts  above  the  ligature,  the  anterior  parts  only  are  affect- 
ed, because  the  vascular  communication  with  the  posterior  extremitiei  is  cut  off.     If  tho] 
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exposed  nerves  be  now  giikanized,  the  muscles  of  the  legs  are  thrown  into  corvtraction, 
^Lotting  that  the  nervous  irritability  remains.  Rotlex  movenitnts  in  the  pofitorior 
atrcimtj<s»  way  also  he  prodnced  by  irritatiou  ol'  the  parts  ahove  the  ligature.  Tliege 
<triincnt^  most  of  which  we  have  frequently  repeated,  taken  in  connettion  witli  the 
ot  ^  ^  *if  Lunjrel,  leave  no  doubt  of  the  exitrtence  of  an  inherent  and  inJe[>en(lent 
>r  I  the  niascular  tissue.     Contractions  of  muscles,  it  is  trne,  nre  norninlly 

cuitcd  throujfh  the  nervous  svbtem,  and  artitidal  stiraalntion  of  a  motor  or  mixed  nerve 
i«the  m<»^t  efficient  method  of  produeiDg  tlie  simultaneous  action  of  all  the  fibres  of  a 
cle  or  «>f  ji  H't  of  musck's;  but  jruhanic,  meclmnieal,  or  ehomical  irritalioti  of  the 
BiTBcles  themselves  will  produce  contraction,  after  the  nervous  irritahihty  has  been 
abulished. 

The  conditions  under  which  muscular  irritability  exists  are  simply  those  of  normal 
nutrition  of  the  muscular  tissue*  AVheu  the  muscles  liave  become  profoundly  affected 
io  tb^ir  nutrition,  as  the  result  of  section  of  the  mixed  nerv^cs  or  after  pri>loug:ed  paraly- 
sis the  irritability  diisapy^ears  and  eannot  ho  restored.  The  dotenuinntioti  of  the  pres* 
CTi'  nee  of  muscular  contractility,  in  cases  of  paralysis,  h  one  of  the  methods  of 

«i*  :  whether  treatment  directed  to  the  restoration  of  the  nervous  power  will  he 

l&«ljr  lo  he  tbllowed  by  favorable  results.     If  the  muecular  irritntjility  have  entirely  di»* 
Sfvpeareil,  it  is  almost  useless  to  attempt  to  restore  the  functions  of  the  port. 

A  ^eut  many  experiments  have  been  made  with  rcjirai'd  to  tlte  inHueuce  of  the  cifcu- 
ktion  upMU  muscular  imtabilityj  chiefly  with  reference  to  the  etfectsof  tying  large  vessels. 
Among  the  most  recent  are  those  of  Longet.  lie  tied  the  abdoiiunal  aorta  in  live  dogs  and 
feimd  tlmt  vohuitary  motion  ceased  in  about  a  quarter  of  an  hour,  and  that  the  muscular 
Irhubility  was  extinct  in  two  hours  and  a  quarter.  Wlien  Ihe  blood  was  restored,  after 
three  or  four  hours,  by  removing  the  ligature,  tlie  irritability  and  tinally  voluntary  move- 
ment returned.  These  experiments  show  that  the  eircuhuion  of  the  blood  is  necessary 
U  the  contractility  of  the  muscles.  Tying  the  vena  cava  did  not  aflx*ct  the  irritability  of 
the  muBcles.  In  dogs  in  which  this  experiment  was  performed,  the  lower  extremities 
I»rt«<.<rved  their  contractility,  and  the  voluntary  nioveinents  were  unaffected  up  to  the 
l.iae  af  denth,  which  took  place  in  twenty-six  hours. 

Tlnj  relations  of  mus^cular  irritability  to  the  circulation  have  been  farther  illustrated, 

in  lorae  y*}Tj  curious  and  interesting  experiments,  by  l)r.   Brown-S^*quard,     The  first 

<ib«rvations  were  made  n[ion  two  men  executed  by  decapitation.     Thirteen  hours  and 

t  n  iiiiautes  after  death,  when  the  muscular  irritability  had  entirtdy  disappeared  and  wa^ 

•littedlcd  by  cadaveric  rigidity,  a  quantity  of  fresh,  defibrinated  venous  blood,  from  the 

lianum  iubject,  was  ii^jccted  into  the  arteries  of  one  liand  and  was  returned  by  the  veins. 

It  was  afterward  reinjected  several  timea  during  a  period  of  thirty-five  minutes.    The 

Kliolft  time  occupied  in  the  different  injections  was  from  ten  to  fifteen  minutes.     Ten 

r  the  last  injection,  and  about  fourteen  hours  after  death,  the  irritability  ivas 

e  returned,  in  a  marked  degree,  in  twelve  mueclea  of  the  hand.     There  were 

isclesout  fjf  the  nineteen,  in  which  the  irntabilityconld  not  be  demonstrated. 

-  after,  the  irritability  still  existed,  but  it  disappeared  a  quarter  of  an  hour 

^t«r.    'Hie  second  observation  was  essentially  the  same,  except  that  defibrinated  bloixl 

f^ira  tli«s  dog  was  used,  and  the  experiments  were  made  upon  the  muscles  of  the  arm, 

Tiie  Irritability  was  restored  in  all  of  the  muscles,  and  it  persisted,  the  cadaveric  rijendity 

«peare<l,  twenty  hours  al^er  decapitation.    These  expariments  are  exceedingly 

is   t^howing  the  dependence  of  irritability  upon   certain  of  the   processes 

,  which  ore  probably  restored,  tliougli  temporarily  and  imperfectly,  by  the 

fresh  blood.     They  are  also  important  in  coDuectton  with  the  study  of 

ni?  rigidity  of  muscles,  a  condition  which  ftdlow^s  the  loss  of  their  so-called  vital 

'  ,  riiys.    TTie  subject  of  cadaveric  rigidity  will  be  fully  discussed  as  one  of  the  phe- 

^loui  of  death. 
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Muscular  Contraction. 

The  Btimulus  of  tbo  will,  conveyed  through  the  conductors  of  motor  influences  from 
the  hrain  to  a  muticle  or  set  of  muscleft^  pro<3uco8  tin  iinpretssion  u|>t»u  the  muwuhir  tibrr« 
and  causes  them  tu  contmct.  In  parts  where  tlie  musiles  have  been  exercised  and  edu* 
cated,  tills  action  is  rcguhited  with  exquisite  nicety^  eo  that  the  most  delicate  and  rapid^ 
as  well  as  powerful  contractions  may  he  produced.  Certain  movementt^  not  under  th^ 
control  of  the  will,  are  produced  as  tlie  result  of  unconscious  reflection  from  a  nervous 
centre,  along  the  motor  conductors,  of  an  impression  made  upon  sensitive  nerves.  During 
this  action,  certain  important  phenomena  are  obt;erved  in  the  muscles  themselves,  Thev 
change  in  form,  consistence,  and,  to  a  certain  extent,  in  tlieir  cunstitution ;  the  different 
periods  of  their  stiruulation,  contraction,  and  relaxation  are  pos>itive  and  well-marked: 
their  nutrition  is  fur  the  time  modified ;  thej  develop  galvanic  c\irrents-  and,  in  short, 
they  present  a  number  of  general  phenomena,  distinct  from  the  results  of  their  action, 
that  are  more  or  less  interesting  and  important  totbe  physiologist. 

The  most  striking  of  the  phenomena  accompanying  muscular  action  is  shortening  and 
hardening  of  the  tibres.  It  is  only  necessary  to  observe  the  action  of  any  well-developcd 
muscle  to  appreciate  these  changes.  The  active  t?hortening  is  shown  by  the  ap|>roxima* 
tion  of  the  points  of  attachment,  and  the  hardening  is  sutficiently  palpabk^     The  latter 

piienonienon  is  marked  in  proportion  toj 
the  development  of  the  true  muscula 
tissue  and  its  freedom  from  inert  mat 
ter,  such  as  fat     We  have, already  eecfl 
that  it  is  the  muscular  substance  aloDi 
which  has  the  property  of  contraction; 
and  we  have  shown  that  this  action  in- 
creases the  consumption  of  oxygt^n  and 
probably  of  other  matters,  the  |>roduc 
tion  of  carbonic   acid   and  s«>me  oihtf, 
excremcntitious  principles,  and  that 
develops  heat« 

Notwithstanding   the   marked   and 
constaut  cbangea  in  the  form  and  i 
sistence  of  the  muscles  during  conlrac-l 
tion,  their  actual  volume  U  nnchancvd^J 
or  it  undergoes  modifications  so  alight;] 
that    they    may    practically   l>o    disre- 
garded.    Experiments   upon    tlfb   point 
have  been  so  uniform  in  tlicir  rcstdta, 
'"^'3        (JB^^^^fe         *"^^'^^  ^*  ^^  hardly  necessary  to  refer  lo 
them  in  detail.     All  modern  observen 
accept  the  results  of  the  older  experi- 
ments, in  which  muscles  have  been  madt  j 
to  contract  in  a  vessel  of  water  con- 
nected with  a  small  upright  tube,  show- 
ing  that^  when  the  muscles  are  in  actira 
contraction  as  the  result  of  a  galvanic 
stimnhis,  the  elevation  of  the  Uqnid  iq 
Ib  appaJS"  '^   ^l*e  tube  is  unchanged.     It  is  evident, 
therefore,  that  a  muscle,  while  it  hard- 
ens and  changes  in  form  during  contraction,  does  not  sonsibly  change  in  its  actual  volume.  J 

Chnngn  in  fh^  Form  of  the  Muicular  Fihres  during  Cantracti<m, — It  ha^  t*c***n  found  ^ 
exceedingly  ditlicuU  to  determine  a  queation  apparently  so  simple  as  that  of  the  change 
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irhicli  the  raxisculur  fibres  undergo  duringf  contraction;  and  it  is  only  of  Into 
jeiirs  lliut  iliid  single  point  ha^  been  detin'ttively  Bc^itk^d*  The  idea  that  the  fibrea 
not  nhortcn,  bat  that  tbey  assume  a  zigzag  arrangement  during  contraction,  is  not 
ipted  by  any  modern  writers.  All  are  now  agreed  I  bat  in  muscular  contraction 
tlitre  is  an  increase  in  the  thickness  of  the  fibre,  exactly  compensating  ita  diminution  in 
length.  This  has  been  repeatedly  observed  in  micT06coi)icttl  examinations,  and  the  only 
points  now  to  determine  are  the  exact  mechanitmi  of  this  transverse  enlargement,  its 
duration,  the  means  by  which  it  may  bo  excited,  and  its  physiological  modiJications. 
Tbe^  qiiestiond,  within  the  last  few  years,  have  been  made  the  subjoets  of  elaborate 
investigations  by  Uelmholtz,  Du  Dois-Reyraond,  Aeby,  Marey,  and  others;  and»  although 
it  is  Jjardly  necessary  to  follow  these  experimenters  through  all  of  their  investigations, 
ly  pt-»inls  have  been  developed,  particularly  by  the  system  of  registering  the  mnscnlar 
■fowenla,  that  possess  considerable  physiological  importance. 

One  iasential  condition  in  the  study  of  the  mochariisra  of  muscular  coniraction  is  to 
^,  in  a  muscle  or  a  part  of  a  muscle  that  can  be  subjected  to  direct  observation,  tlie 
foreo  that  naturally  excites  it  to  contraction.  The  application  of  electricity  to  the  nervo 
i*  beyond  all  question  the  most  perfect  method  that  can  be  employed  for  this  puqioae. 
W«  can  in  this  way  excite  a  single  contraction,  or,  by  employing  a  rapid  succession  of 
currents,  we  can  excite  either  continuous  or  tetnnio  action.  While  the  electric  current  ia 
not  identical  with  the  nervous  force,  it  is  the  best  substitute  we  can  enifdoy  in  experi- 
ments upon  muscular  contractility,  and  it  ha^  tlie  advantage  of  not  affecting  the  physical 
aod  chemical  integrity  of  the  nervou;^  and  niueK-ular  tissue.  In  studying  this  subject,  we 
•hall  tirst  follow  some  of  the  experiments  Tij*on  musi^ular  contraction  excited  artiticially, 
jmd  then  apply  them,  as  far  as  possible,  to  the  strictly  physiological  actions  of  muscles. 

There  nre  tyro  clasaes  of  phenomena  that  may  be  priiduced  by  electrical  excitation  of 
motor  nerves  :  1.  When  tlic  stimulus  is  applied  in  the  fomn  of  a  single  discharge,  it  is  fol- 
lowed by  a  single  mnseular  contraction.  2.  Under  a  rapid  snccession  of  discharges,  tJio 
ri)w*u  into  a  state  of  permanent,  or  tetanic  contraction.  It  will  greatly  facilitate 
0»i,  lension  of  the  subject  to  study  those  [dienomena  separately  and  8UocesHvely. 

The  muacnlar  contraction  prrKluced  by  a  single  stimulus  applied  to  tlie  nerve  is  called 
i»y  the  French,  secou$Be  (shock),  and  by  the  Germans,  Zitrhinff  (conrolsiun).  It  will  he 
coatonlent  for  ns  to  employ  some  term  that  will  express  tJais  sudden  action  of  the  mus- 
ctilar  fibres,  as  di«$tinguished  tVom  the  contraction  that  takes  place  on  repeated  stimula* 
tion  or  in  continued  muscular  eflbrt ;  and  we  shall  designate  a  single  muscular  contractioD, 
then,  as  spasm,  applying  the  term  tetanus,  to  continned  aetiqn. 

Sptwfi  ftrothtftd  htj  Art\fieial  Excitafmiu — If  an  electric  discharge,  even  very  feeble, 
U  applicnl  to  a  motor  nerve  connected  with  a  freslj  muscle,  it  is  followed  by  a  sudden 
'  'I  tr:t(  tion,  which  is  succeeded  by  a  rapid  relaxation.  Under  this  stimnlation,  the  muscle 
1  1'  CIS  by  about  ihree-tenths  of  its  entire  length.  The  form  of  the  contraction,  as 
'/^iMered  by  tlie  apparatus  of  Oclmholtz,  Marey,  and  others  who  have  applied  the 
^'  billed  graphic  method  to  the  study  of  muscuhkr  action,  presents  certain  interesting 
P" iili.uiLies.  We  shall  give,  however,  only  the  general  characters  of  this  action,  with- 
'^ut  diicassing  in  detail  the  complicated  apparatus  employed, 

Aceording  to  Helmholtz,  the  whole  period  of  a  single  contraction  and  relaxation  of 
^•'t*  esstroenemius  muscle  of  a  frog  is  a  little  less  then  one-third  of  a  second.  The  mns- 
'  "  tf  ajamnials  and  birds  contract  more  rapidly,  but^  with  this  exception,  the  essential 
^huTBicterg  of  the  contraction  are  the  same.  The  following  are  the  periods  occupied  by 
*^'^  di0crent  phenomena : 

Interval  between  gtiroiilation  and  contraction.. 0"*020 

Cottimction. ..  - 0"*18n 

Ri>lsixation. ,.,..* •.*..*• ,., 0*'10:i 

0*'805 
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The  damtion  of  the  electric  current  applied  to  tlie  nerve  is  only  0^'*u006,    Con 
tion»  howevur^  dot^e  not  follow  immediately,  there  being  an  intervul,  called /?<?4f,  of  i 
one-fiftieth  of  a  second.     The  contraction  then  follows,  which  is  succeeded  by  j 
relaxation,  the  former  biAng  a  littJo  longer  than  the  latter.    This  description  rvpre^nu 
the  contraction  of  an  entire  muscle^  but  it  does  not  indicate  the  changes  iu  form  of  lh4 
individual  fibres,  a  point  much  more  difficult  to  determine  satisfactorily.     It  is  prettj 
well  e8tabl}^hed,  however^  that  a  single  fibres  with  its  irritability  unimpaired^  becoc 
contracted  and  swollen  at  the  point  where  the  stimulution  is  applied.     Now,  the  que-«ticpaJ 
is  whether,  in  normal  contraction  of  the  fibres  in  obedience  to  the  natural  nervou»  sttmu^ 
lufi,  tliere  be  a  uniform  shortening  of  the  whule  fihre,  a  shorteniug  of  those  portions  ouljrl 
that  are  the  seat  of  the  terminations  of  the  motor  nerves,  or  a  peristaltic  shortening  asd 
swelling,  rapidly  running  the  length  of  the  fibre. 

The  recent  experiments  of  Aebv,  which  have  been  repeated  and  extended  by  Mjir«yJ 
demonstrat^e  beyond  a  doubt  that^  when  one  extremity  of  a  muscle  is  excited,  a  contrac*! 
tion  occurs  at  that  point  and  is  pro|>aj^ated  along  the  muscle  in  the  form  of  a  wavC|  ex- 
actly like  the  peristaltic  action  of  the  intestines^  except  that  it  is  more  rapid.  Both  Aeb^ 
and  Marey  have  succeeded  in  measuring  the  rapidity  of  the  wave,  and  they  find  it  to  U 
about  forty  inches  per  secoDd.  Applying  this  principle  to  the  phyMological  action  of 
muscles,  Achy  advances  the  theory  that  shortening  of  the  ^bres  takes  place  wherever  a 

stimulus   is  received^  and    tbat 
this  is  propagated  in  the  form  of 
a  wave,  which  meet^  in  its  coursol 
anoUier  wave  starting  from  a  di/-j 
ferent  point  of  e»tiniidation.    AaJ 
we  know  tlmt  the  motor  ncrvcil 
tei-minute  at  different  points  iyjl 
becoming  fused,  as  it  were,  wiUsj 
the  sarcolemma,  we  can  7eadiJjr| 
comprehend,  under  this  lbeor7t| 
how   tlie  simultaneous  contmco 
tion  of  all  the  fibres  of  a  muscjej 
is  produced  by  stimulation  of  it 
motor  nerve.     This  idea  is  ex- 
pressed in  the  accompanying  dia» 
gram.    Although  this  view  of  lh<»  \ 
physiological  action  of  the  IDQS- 
cular  fi!»rc3  ia  extremely  probable,  it  cannot  bo  assumed  that  it  has  been  absolutely  j 
demonstrated  ;  but  it  is  certainly  more  satisfactory  and  better  sustained  by  expcriraenUl] 
facts  than  any  theory  that  has  hitherto  been  advanced, 


Ftc .  1  m^—Piii  gram  of  the  m  ufctUa  r  war*.    ( Acby . ) 


Mff^^tajimn  of  prolonged  Mmcular  Con(rncfioft,—By  a  voluntary  eflbrt  we  arc  oUa] 
to  produce  a  muj^cular  contraction  of  a  certain  duration,  and  of  a  jtovver,  within  certaift] 
limits,  proportionate  to  the  amount  of  force  we  may  desire  to  produce  ;  but,  after  a  c«r- 
tain  time,  the  muscle  becomes  fatigued,  and  it  may  become  eihaufited  to  the  extent  thai^ 
it  will  not  respond  to  the  normal  stimulus.  Thi§  is  the  kind  of  muscular  action  moat  j 
interesting  to  us  as  physiologists. 

The  experiments  of  Marey  seem  to  sIjow  precisely  how  far  the  ncrvons  Action  tin 
gives  rise  to  a  powerful  and  continuous  muscular  contraction  can  be  imitated  by  elee 
tricity.     Calling  the  movement  produced  by  a  single  electric  discharge,  ^fcoitM^f^  whirl) 
wo  have  translated  by  the  word  spasm,  he  calls  the  persistent  contraction,  tctunua.     Wa  \ 
shall  adopt  this  name  to  distinguish  persistent  muscular  action  from  tlie  single  *'t»nr mo- 
tion that  we  liave  just  described. 

It  is  a  curious  fact  that  a  continued  current  of  galvanic  electricity  pase^  Ihrouirij  - 
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iierre err  iL muscle  i]oes  not  induce  mnscukr  contraction;  and  it  is  only  wlien  the  cur- 
rent IS  clo6«^d  or  broken,  tliat  any  action  U  ol»s6rvecL    But  if  we  employ  statical  elo€- 
tricity^  a  intiscnltir  tpiisut  occnrs  at  every  disclmrgo,  proporiionate,  in  eome  degree,  to 
tlie  power  of  tlio  eTcitntioD,     If  the  discharges  he  very  frtquently  repeatt-d,  or  if  a  gal- 
ranic  currcat  be  ttppliLn]^  broken  by  an  interrupting  apparatus,  the  spasnjs  follow  each 
other  m  *;Trick  i>ucression.     In  experimenting  u[*ou  the  mutieles  of  the  frog,  with  a  regis- 
ter litLi.^,  Alarey  has  found  tiiat,  with  a  gradual  iucrease  in  the  rapidity  of  the 
^1  >                ks,  the  individual  muscular  spasms  become  less  aud  le<!d  d instinct,  and  that 
Enally  tli©  contraction  h  permanent.    liii*  diagrams  show  well-marked  Bpasms  under 
ten  excitadonfl  per  second,  a  more  complete  fujiion  of  the  different  acta  with  twenty 
per  siieond,  and  a  complete  fusion,  or  tetanus,  with  twenty-seven  per  second.     When 
liid  contraction  had  become  continuous,  there  was  an  elevation  in  the  line,  showing 
inereaaed  pow^er,  as  the  excitations  became  more  and  more  frequent*    This  is  precisely 
the  kind  of  contraction  that  occurs  in  the  phyt^iologicnl  action  of  muscles.     Although 
the  nerrous  force  is  not  by  any  means  identical  with  electricity,  either  the  interrupted 
ftJTAnlc  current  or  a  snccession  of  statical  discharges  is  capahlu  of  pro<b>cing  a  muscular 
ietioQ  Tery  like  that  whicli  is  involved  in  voluntary  raovements.     The  ohservationB 
of  Mftrey,  showing  that  the  intensity  of  what  be  terms  artificial  tetanic  contracUoQ 
rill  proportion  to  the  rapidity  with  which  the  electric  discharges  succeed  each  other, 
eiceedlngly  interesting  in  their  practical  applications ;  and  an  importjint  question  at 
reganling  the  nervous  force  that  excites  voluntary  motion.     Is  tliis  a  series  of 
ilwlian?***.  as  it  wcre^  producing  a  power  of  muscular  contractiuu  in  exact  proportion  to 
tl                  V?     In  view  of  the  oxperimcnts  just  cited,  this  theory  is  very  pnduible  ;  and 
tl :               I  Ijat  the  etiect  of  a  rapid  succession  of  electric  discharges  almost  exuctly  siruu- 
Utfs  the  nuriDa!  action  of  muscles.     That  vil)rntlons,  more  or  less  regular,  actuully  occur 
itt  nuiscular  contniction,  has  been  settled  beyond  a  doubt  by  the  researches  of  Wollaston, 
Qiaghton,  and  more  lately  by  Helmholtz,  the  latter  having  recognized  a  musical  tone  in 
cfiQtracting  muscles,  exactly  corresponding  with  the  number  of  impressions  per  st^cond 
miwlt'  upon  the  nerve.     He  farther  devised  an  ingenious  method  of  recognizing  the  tones, 
^'  ears  with  wax  and  contracting  t!ie  temporal  and  miisseter  muscles.     Marey 
^                  '  repeating  this  experiment,  that  the  tone  may  bo  changed  by  miMlifjing  the 
: '  ;y  «ft  the  muscular  action.     With  the  jaws  feebly  contracted,  a  grave  sound  is 
3  -<i  I  cd,  and  this  can  be  raised  one-fifth,  by  contracting  the  muscles  as  forcibly  as 
iKwible* 

The  nerves  are  not  capable  of  conducting  an  artificial  stimulus  for  an  indefinite  period, 
tior  tre  the  muscles  ahle  to  contract  far  more  than  a  limited  time  upon  the  reception  of 
tfith  «o  eiritiition.  The  electric  current  may  bo  made  to  destroy  for  a  time  both  the 
ti^Torm  and  muscular  irritability ;  and  these  properties  become  gradually  extinguished,  the 
f«ft*  Kecoming  fatigued  befi>re  they  are  coniplL'tely  exhausted.  Precisely  the  same  pho- 
nomena  are  observed  in  the  physiological  action  of  raoeclcH.  When  a  muscle  is  fatigued 
vtiflcijiUr,  a  tetanic  condition  is  excited  more  and  more  easily^  but  the  intensity  of  the 
^Dtraction  pro|>ortionally  diminishes,  Mnscles  contractins  in  obedience  to  an  effort  of 
^ii«  lill  pa«*  tlirongb  the  same  stages  of  action.  It  is  probable  that  constant  contraction 
'*  "*"i:,d  more  and  more  easily  as  the  muscles  become  fatigued,  because  the  nervous 
r;tdna]ly  diminishes  in  intensity.  It  is  certain  that  the  vigor  of  eontraction  at  the 
*mii  time  progressively  diminishes. 

'  -rrff  Ph^rtomtnn  in  the  MvteleM, — ^It  was  ascertained  a  number  of  years  ago,  by 

^^<^i,  that  all  living  muscles  are  the  seat  of  electric  currents,  whirh  are  not  very 

P'*^»?rftiJ,  it  in  true,  but  still  are  sufficiently  marked  to  be  detected  by  ordinary  galvanome- 

[**^'  It  is  diflicult,  in  the  present  state  of  our  knowledge,  to  appreciate  the  phvii^iologioal 
Ifoifieanc©  of  this  fact,  and  we  shnll  therefore  merely  albule  to  the  chief  electric  phe- 
•"••wia  that  ar©  ordinarily  observed,  without  attempting  to  follow  out  the  elaborate  and 
I I iiairri 
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curioas  experiments  siDce  made  by  Dn  Bois-Reymond  and  others.    One  of  the  most  sim- 
ple roctbodsj  or  demon^rating  this  current  b  to  pre(>are  tbe  kg  of  a  frog  with  the  crur 
nerve  attjiched,  and  to  apply  cue  portion  of  the  nene  to  the  deep  part^  of  an  incis 

muscle  and  lbi«>  other  lo  th< 


kSS: 


fi 


D 
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fnt  in  tfiA  frog.    (B^iimonl.) 
the  *kln  removed :  tj,  ^urfiiee  of  tbo 
tlOQ  of  tbti  curreDL  i»  indicated  by  tbe 


snrface.    Aa  soon  as  the  con 
nection  id  made,  a  contraction 
of  the  leg  takes   piace.     Th^ 
t^amo  fact  njay  be  demonstrate 
with  an  ordinary  galranomet*!j"| 
but  tbe  evidence  obtained  bl 
the  frog's  leg,  when  the  expe 
ment  is  properly  perf»jTined, 
snfficiently  conclusive* 

Halteucci  constructed  oat  of  J 
tbe  fresh  muscles  from  the  thiglj 
of  the  fropT,  what  is  sometirnttl 
called  a  frog-battery ;  which  €XA 
hibita  tbese  currents  in  the  mc 
fr^k^  J^i    ^^^L"'"'''^  striking  manner,  their  int<!t)(ntj 

being  in  direct  ratio  to  the  nam* 
ber  of  elements  in  the  pile.    Ta 
do  thia,  he  takes  tbe  muscle 
of  the  lower  half  of  tbe  thij?i 
from  several    frops^   reiuuvi 
the  bones,  aod  arranjires  tb 
a  series,  each  with  its 
extremity  inserted  into  the  cen 
tral  cavity  of  the  one  belowj 
In  this  way  the  external  anr 
face  of  each  thigh  except  thi! 
last  is  in  contact  with  the  iti-^ 
temal  surface  of  the  one  below,] 
If  the  two  extremities  of  thiij 
pile  be  now  connected  witfi  a  galvanometer,  quite  a  powerful  current  froni  the  tntemali 
to  the  external  surface  of  the  muscle  may  be  denion&trated.    In  a  pile  foruicd  often  fle*j 
ments,  the  needle  of  a  g^alvanometer  was  deviated  to  from  30'  to  40"*. 

Electric  currents  are  observed  in  all  living  muscles,  bat  they  are  most  marte<i  in  tlMrl 
mammalia  and  warm-blooded  animals.     They  exist,  al^f\  for  a  certain  time  after  deatli«  J 
Artificial  teliinus  of  the  muscles,  however,  instead  of  intensifying  the  current,  eausc-s  1 
galvanometer  to  recede.     If,  for  example,  the  needle  of  the  instrument  show  a  deviation 
of  BO"*  diirinfT  repose,  when  tbe  muscle  is  excited  to  tetanic  contraction,  it  will  return  so 
as  to  mark  only  10'  or  15°.     This  phenomenon  is  observed  only  during  a  continued  ] 
cnlor  contraction,  and  it  does  not  attend  a  single  spasm* 

Muuular  J^ffttrt, — The  mere  voluntary  movement  of  parts  of  the  body,  when  tlic 
in  no  obstacle  to  he  overcome  or  no  great  amount  of  force  is  requUFPd,  is  very  dtflTerea 
from  a  mnscubir  etlbrt,  P^or  example,  in  ordinary  progression  there  is  simply  a  move 
ment  priulnced  by  the  action  of  the  proper  muscles,  almost  without  our  consciouane 
and  thi-H  iH  unntf ended  with  any  modification  in  tlie  circulation  or  respiration  ;  hut,  if  ' 
attempt  to  lift  a  lieavy  weight,  to  jump,  to  strike  a  powerful  Idow,  or  to  make  any  vigor 
Cits  effort,  tht^  action  is  very  different.  In  the  latter  ini^tance,  we  preporv  for  tbemq 
eular  action  by  inflating  the  lungs,  closing  the  glottis,  and  contracting  more  or  less  fore! 
bly  the  expiratory  muscles,  so  as  to  render  the  thorax  rigid  and  nnyieldlng ;  aod«  I 


Frri,  irti-i^ 
Fl?.  1.  fjortlon  of  < 

F|g.  "i.  tUo  nrrv«  of  a  ftor's  leg  (tbe  log  eDekiied  In  %  BrloRS  tube)  k  «{>• 

pHrd  irt  t  bt?  K«rr  ion  axid  the  surfluM  of  th«  inuacleL   T no*  te  do  i'ollt^u^- 

tioD.  b4<4^AU*e  it  is  DCceAAOij  thftC  ft  portloo  of  tliu  utrse  ^oold  be 

niliAi^d  up. 
Fit'  ^  »  j»'>rtioji  of  ibencrre  to  nlMed  with  u  cli^^  rnl     Tlio  roatnctfon 

oft!.  <  i>];»io  legoecura  at  the  ouiKii  irctiit,  beeaUAe 

t)j<  '^vft  the  course  of  the  nen  * 

Ff|^.  4,  r  in  hero  ocean  tt  tbe  he«t\^  n'-ult.  becauw 

the  iHr*  cLigii  nf  tbo  corTBat  1ft  opposite  Ihij  cqut^u  mI  the  Dtsrire,  or  la 

IziTerse. 
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Deentmted  effort  of  the  will.^  tbe  proper  muscles  are  then  brought  into  actios. 
Tbis  remarkable  action  of  the  muscles  of  the  thorax  and  abJoiuon,  duo  to  einiple 
vScirt  HCiiJ  i(ide[H^Ddeot  of  the  particular  tuuacular  act  that  \&  to  he  accomplished,  com- 
^resMS  the  ootiteots  of  the  rectum  and  bladder  and  obstrtioti>  very  materially  the  venous 
ciitiulatiou  in  the  large  vesaeb.  It  is  well  known  that  hernia  is  frequently  produced  in 
this  way;  the  veins  of  the  face  and  neck  become  turgid  ;  the  coDJunctiva  may  become 

byznosed;  and  sometimes  aneuri^mal  sacs  are  ruptured.  An  eJfurt  of  this  kind  ia 
lieraUy  of  short  duration,  and  it  cannot,  indeed,  be  prolonged  bcyuDd  the  time  during 
vrluch  respiration  can  b©  conveniently  arrested.  At  its  conclus^ion  there  is  commonly  a 
prol«>ngiHi  expiration,  which  ia  audible  and  somewhat  violcut  at  its  commencement. 

There  aro  degrees  of  effort  which  are  not  attended  with  this  powerful  action  of  the 
muscles  of  the  cheat  and  abdomen,  and  in  which  the  glottis  is  not  completely  closed ; 
and  tttt  opening  into  the  trachea  or  larynx,  rendering  immobility  of  the  thorax  impossi- 
ble, does  not  interfere  with  certain  acts  that  require  conBiderable  muscular  power.  If 
wt  examine  a  ilog  with  the  glottis  exposed,  when  he  makes  viulent  eiVorts  to  escape,  w© 
ctn  see  that  the  opening  is  finnly  closed.  This  fact  we  have  often  observed  in  vivisec- 
tions; but  Longet  has  shown  that  dogs  with  an  opening  into  the  trachea  are  frequently 
able  to  run  and  leap  with  *' astoninhing  agility/^  He  also  saw  a  horse^  with  a  largo 
«aattJa  in  tbt?  trachea^  that  performed  severe  labor  and  drew  heavily-loaded  wagons  m 
Hie  «tr*eU  of  Paris. 

Passive   Organs  of  Locomotiotu 

It  would  bo  out  of  place  to  describe  fully  and  tn  detail  all  of  the  varied  nnd  complex 
movement*  produced  by  muscular  action.  Many  of  these,  such  as  the  movements  of 
dpglotition  and  of  respiration,  are  necessarily  considered  in  connection  with  the  flmc- 
tiiin* of  which  they  form  a  part;  but  others  arc  purely  anatomical  questions.  Associ- 
uted  and  antagonistic  movements,  automatic  and  rcHex  iTiovoments,  etc.,  belong  to  the 
^  of  tbe  motor  nerves  and  will  be  fully  considered  nnder  th©  head  of  the  nervous 


The  study  of  locomotion  involves  a  knowledge  of  the  physiological  anatomy  of  cer- 
tniti  passive  organ?,  tbe  bones,  cartilages,  and  ligiiiuents.  Although  a  complete  liistory 
"f  the  t«traeture  of  these  parts  trenches  somewhat  upon  the  domain  of  anatomy,  wo  are 
tempted  to  give  n  brief  description  of  their  histology,  as  it  will  complete  our  account  of 
tlie  tissQos  of  the  body,  with  the  exception  of  the  nervous  system  and  the  organs  of 
gfntfmtion,  which  will  be  taken  up  hereafter. 

Womoti«»n  is  etTected  by  the  muscles  acting  upon  certain  passive,  movable  parts, 

^       :ir«  the  bones,  cartil-iges,  ligaments,  uponeuro!<e9,  nnd  tendons,     T\'e  have  already 

•d  thrt  fibrous  structures,  and  it  only  remains  for  us  to  study  the  bones  and  car- 


Phj/siohf^ical  Anatomy  of  (he  Bone^,—^h&  number,  classification,  and  rchiticms  of  the 
'f>n('»  arc  qucstiuns  belonging  ta  descriptive  anatomy ;  and  the  only  points  we  [iropobe  to 
"^ 'UNii!,.*r  refer  to  their  general,  or  microscopical  structure. 

En-ry  bone,  be  it  long  or  short,  is  composed  of  what  is  called  the  fundamental  sub- 
*twre,  marked  by  microscopic  cavities  aud  canals  of  peculiar  form.  The  cavities  c«*n- 
^eorpU)*cular  borlies,  called  bone-corpuscles.  *rhe  canals  of  lurger  size  serve  for  the 
paMft^^e  of  blood-vessels,  while  the  smuller  canals  (canalieuU)  connect  the  cavities  with 
^\  olhiT  and  flnally  with  the  vascular  tube!?.  Many  of  the  bones  i>reHent  a  medullary 
•^'itf,  liUed  with  a  peculiar  structure,  called  marrow.  In  almost  all  bones  there  are  two 
^^'itii'i  fH>riions;  one,  which  is  exceedingly  compact^  and  the  other,  more  or  less  spongv 
"^ fiiiHtfllated.  The  bones  are  also  invested  with  a  membrane,  containing  vessels  an«J 
*«rr(»^  called  the  perioetcam. 

The  method  usually  employed  in  the  study  of  the  bones  is  by  thin  sections  made  in 
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v&rioas  direotioDB  and  examined  eitber  In  their  natural  condition  or  witb  the  ealc 
matter  removed  by  maceration  in  weak  acid  »oIntion9.     By  the  first  mctbod^  we  cfl 
make  out  the  relations  of  the  fundamental  substance,  the  direction  and  relations  uf  i 
Tascolar  canals,  and  tbe  form,  size,  relations,  and  connections  of  the  bone-cavities  and 
small  canals*    By  the  latter  method,  w^o  ciin  isolate  and  stadj  the  organic  and  corpuscnlar  ' 
elements. 

Fundamental  SuManee. — This  constitutes,  the  true  bony  subtitancet  the  medaliar 
contents,  vessels,  nerves,  etc.,  being  simply  accessory.  It  is  comjiosed  of  a  pecnlia 
organic  matter,  called  osteine,  combined  with  various  inorganic  salts,  in  which  the  phc 
phate  of  lime  largely  prcdoiuinatea.  In  addition  to  thu  phosphate  of  lime,  the  bone 
contain  carbonate  of  lime,  fluoride  of  calcium,  phosphate  of  uiaguesia  and  uf  ^oda,  and 
chloriile  of  sodium.  The  relative  proportions  of  tbe  organic  and  inorganic  mnttern  an 
somewhat  variable;  but  the  average  is  about  one-third  of  the  tbrmer  to  two-thirds  ol 
salts.    This  proportion  is  necessary  to  the  proper  consistence  and  toughness  of  the  ^ 
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Fid.  1<l'i- —  VaacNfai"  eantlfjt  fin*t  fnettn-ff,  itfen  in  n  t^n- 
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(7,  «K  a,  Tuculnr  ruitah :  h,  ^>»  h.  ]skimtm  Aod  cuaallcali  tn 
tii^  fUuilauieDUi  Aubetiiiee, 


Vm,  HH,—^lonff{tUilinttt  BtcHon  t^  ham.  /tvm  1I4 
*ftt(/f  n/  the  humnn  fr-mftr :  ntriffnijlM  Ibtt  «ti' 
otht^Ur;    {Ynnwn  i"  t  lii^a ^1  tin?  Co 

t$tatt;«  Army  Mc4lr 

Thii  &{pire  Iir  iHtrodmv  1  n  Oitt  It  to  • 

tff  a  ttiu>t(ign[)h  uf  Liu  aciuuJ  Aimcturc 


Anatomically,  the  fundamental  substance  of  the  bones  is  arranged  in  the  form  of  rcgu-- 
lar,  concentric  lamell®,  about  jVnr  of  an  inch  in  thickness.     This  matt^^r  is  of  an  iDdelinSto-^l 
ly  and  faintly  striated  appearance,  but  it  cannot  be  reduced  to  distinct  fibres.     In  the  long 
bones,  the  arrangement  of  the  lameilfe  is  quite  regular,  surronndinp  the  Ilaversiau  caoals^l 
and  fnrming  what  are  sometimes  csdled  the  Haversian  rodj*,  following  in  their  dircrtioii| 
the  length  of  the  bone.     In  the  short,  thick  bones  the  lameUa»  are  more  irregular,  fre* 
i|nently  radiating  from  the  central  portion  to  the  periphery.     These  peculiaritie**  in  tin 
disposition  nf  the  fundamental  substance  will  be  more  readily  understood  after  n  dcscrip 
tion  of  the  Haversian  canals. 

The  Haversian  canals  exist  in  tbe  compact  bony  structare.    They  arc  either  aWnt  < 
ve  ry  rare  in  the  spongy  and  reticulated  portions.    Their  form  is  rounded  or  ovc»id,  the  large 
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iimes  quite  irregnlar.  In  the  long  bones  tlieir  direction  ia  generally  lon- 
gitndinA]^  altbongb  they  anastomose  by  lateral  brancbes.  Each  one  of  tbes©  canab  con- 
iaXn^  a  blood-Teissel,  and  tbeir  digpoaition  constitutes  the  vascular  arrangement  of  tbe  bones. 
Thoj  ore  aU  connected  with  the  openings  on  the  surface  of  tbe  bones^  by  which  the  arte- 
ries peDetrate  and  the  veins  emerge.  Their  size,  of  course^  is  variable.  According  to 
Sopfkejt  this  largest  are  abont  :|^  and  the  smallest,  ^^  of  an  inoh  in  diameter.  Their 
average  nzi^  is  from  yf^  to  yj^  of  an  inch.  In  a  transverse  section  of  a  lung  bone,  the 
Haversian  cannls  may  be  &een  cut  across  and  surrounded  by  from  twelve  to  dfteen 
lamenir.    In  a  longitudinal  section  the  course  and  anastomoses  may  be  studied. 

Lmevfur. — The  fundamental  substance  is  everywhere  marked  by  irregular,  micro- 
flcopic  excavations,  of  a  peculiar  form^  called  lacunas  or  osteoplasts.  These  were  at  one 
time  supposed  to  be  cor[mgcles  of  calcareous  matter  and  were  known  as  the  bone-oor- 
pufclcs;  but  it  has  since  beon  ascert4iiDed  that  ibis  appearance  is  due  to  the  imperfect 
mvihods  of  preparntion  of  the  thin  sections  of  bone*  They  are  connecte<3  with  numer- 
ons  little  caniiK  giving  them  a  stellate  appearance.  These  are  most  numerous  at  the 
•ides.  Tbe  laciinje  measure  from  yyV^  to  ,rj^  of  an  inch  in  their  long  diameter,  by  about 
y^i^j  of  an  inch  in  width.  They  contain  the  true  bone-corpuBcles,  which  we  shall  pres- 
eotly  describe. 

C^nnliculu — These  are  little  wary  canals,  connecting  the  lacuniB  with  each  other 
imd  presenting  a  commauication  between  the  first  series  of  lacuna)  and  tbe  Haversian 
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"te.  IM— r<isrv/<fr  cttnaUnnd  tftcvntr,  aun  in  a  trttnnfrnt  neotion  qf  th*  AmfienM/  mtiffHijUd  900  <ftoi9l«<M% 

(9ftM*ey.) 
1 1 U  a«rtlcu]  <»r  i  in  (^atittj* ;  %  l^dLfon  of  »  lonffUuiKntil  canul  divid^Hl  At  tli«  potnt  of  Ita  iniistainoiiU  with 

>  tnii*t(r>  iitid  (be  eooals,  cut  acro«a  ixf^H'tidicubirly,  ore  a«cfi  tlio  liicuzuc  (wlUi  Uwir  eMuUlcliJl), 

Iraiiflg  roil 

''iinlv  Ea<-b  osteoplast  presents  from  eighteen  to  twenty  cannliculi  radiating  from  its 
'  -r^  Their  length  is  from  ,-Jir  **^  iriiF  *^^  ^"^  inch,  and  their  diameter^  about  ij^li^^  of 
'    I  h.    TI»e  arrangement  of  the  Haversian  canald,  lacuna;,  and  cnnalicoli  is  shown  in 

/  7.V  *>r  C*}rpyselfs, — By  treating  perfe^^tly  fresh  specimens  of  bone  with  weak 

'  ''*lu[i*m^  Vircliow  has  demonstrated  tbe  presence  of  stellate  cells  or  corpuscles, 

^'Mv  tilling  up   the  lacuna?   and  sending  probingations  into  the  caualiculi.     These 

'^irJur<*s  have  since  been  studied  by  Rouget,  who  has  succeeded  in  demonstrating  them 

*^  fpenh  bono^  fhom  the  fa*tns,  without  using  any  reagent.     They  are  stellate,  grannlar, 

*itli  a  i|||.g(5  nucleus  and  several  nucleoli,  and  are  of  exactly  the  size  and  form  of  the 

35 
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Ijicttnffi.    Thej  send  out  proIongiLtioQB  into  the  canalicali,  but  it  has  h<^ti  tiupossihle  to 
aaocrtain  positi^el/  whether  or  not  they  form  membrfiues  lining  the  raDalicuU  thron^I: 

out  their  entire  k'n^rtii. 


I 


:>5 


'■'I 


Marrow  ^  the  Boinat.—The  peculia 
structure  called  marrow  is  foiind  in  the*  mi» 
d Hilary  cavities  of  the  loug  bom*8,  fUHnir 
ttiem  completely  and  moulded  to  all  ttm  h 
irre^nlaritie^  of  their  mirliice.  It  is  altioH 
fuiujd  tilling  the  cells  of  the  spoiijry  portion. 
In  other  words,  with  the  exception  of  IIk^ 
Vitsriiliir  canals,  lacumn?,  and  eunnliculi,  th^ 
marrow  fills  all  the  spaces  in  the  fundamt-nt- 
u\  subi^tance.  We  know  very  little  of  the 
functions  of  the  marrow,  and  we  shall  thisre- 
iV>re  pass  it  over  with  a  brief  de9cript!o]i< 

It  h  now  settled  that  the  cavities  of  {he 
bones  are  not  lined  with  a  membrane  coire- 
fiponding  to  the  periosteum,  and  that  the 
marrow  U  applied  directly  t-o  the  bony  sub* 
stance.  In  the  fcBtus  and  in  very  young 
children,  the  marrow  ia  red  and  very  vasen- 
lar.  In  the  adult  it  b  yellow  in  aome  bone 
and  gray  or  gel jitini form  in  othera.  It  con^ 
tains  certain  peculiar  cells  and  nuclei^  wit 

maorphous  matter,  adipose  vesicles,  connective  tissue,  blood- vesselsi,  and  nervea, 

MtdulheclU. — Robin  has  described  little  b<jdies,  existing  both  in  the  form  of  oell« 

and  free  nudei,  called  medtdloeells.    These  are  found  in  greater  or  less  Dunaber  in  thi 


Pio.  165.— TWjfl#r<'r«<'  »tctitm  <^  tmtm./rQm  Ihs  nfujft 
of  the  humnn  hum^^un  ;  nutffnijUffflhi}  didrntiem. 
1  At  ttu*' UnfUnl  c^tAk«  Ainny 


Th1»  fi^rurf'  ijK  iittn^Hluced  for  the  rvft»on  tliAt  It !»  k  copy 
of  A.  i»liQtogniph  at  th«  <M:ttml  stiiietur«. 


Flo.  HMt^Bona-corTnuolM,  ^tUh  ihttr  pro^ffoHtm*.   (BoUeit) 


bones  at  all  agefs  bnt  they  are  more  abundant  in  proportion  as  the  amorphoiia  matter  «nfl 
fat-cells  are  deficient,  TIjc  nuclei  ore  spherical,  with  liordera  sometimcii  irrejriilar,  Ken- 
erally  wittiout  nucleoli,  finely  granular,  and  from  j-sV?f  to  j^  of  nn  inch  in  dtametcrJ 
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Tliey  ftro  insoluble  in  acetic  iicid.  The  cells  are  less  Dumerons  than  the  free  naeloi.  Thejr 
■re  fphfrical  or  slightly  polyhedrit?,  contain  a  few  pale  granulations,  «re  rendert»d  pale 
bttt  ar*>  not  dissolved  by  acetic  aciil,  and  thej  measure  about  y^-y  of  an  inch  in  diiimeter. 
^IyftopUx€», — These  are  irregular,  nucleated  patches,  also  described  by  KobinT  more 
inclant  in  the  si»uDgy  portions  of  the  bones  t^ian  in  the  medullary  canal»,  aud  are 
rhV.1  tn  the  internal  i^urfaces  of  tbo  bones.  They  are  exceedingly  irregular  in  size  and 
lb*  'iiig  from  Y^  to  j^  of  an  inch  in  diameter),  are  finely  grauular,  und  present 

!><  I  twenty  or  thirty  nucltt.     The  nuclei  are  clear,  ovoid,  generally  with  a  nucJe- 

oin%  and  are  from  jAnt  to  jf^^  of  an  ineh  loug,  by  y^^-^  or  j^\^  of  an  inch  brood.  The 
myeloplaxes  arc  rendered  pale  by  acetic  acid,  and  the  nuclei  are  then  brought  out  more 
dlftinetlv. 

In  addition  to  the  anatomical  elements  just  described,  the  marrow  contains  a  few  very 
delieale  bundles  of  connective  tissue,  most  of  which  ftccom[»uay  the  blood-vcakjels.  In 
the  frutus,  the  adipose  vesicles  are  few  or  may  be  absent;  but  in  the  adult  they  ure  quite 
numerous,  and  in  some  bones  they  seem  to  constitute  the  whole  ma^s  ♦•f  the  marrow* 
They  do  not  differ  materially  from  tlie  fat'CcUs  in  other  situation!*.  Ilohhng  these  different 
itmclufes  together,  la  a  variable  (piantity  of  scmitransparentj  amorphous,  or  slightly 
gnmnlar  matter. 

The  nutrient  art^^Ty  of  the  bones  sends  branches  to  the  marrow,  generally  two  in 
number  for  the  long  bones,  which  are  distributed  between  the  various  anatomical  elemonta 
imd  finally  surround  the  fatty  lobules  and  the  fat- vesicles  with  a  delicate  capillury  plexufl. 
The  veins  corre^potid  to  the  arteries  in  their  distribution.  The  nerves  follow  the  arteriee 
&Dil  are  lost  when  these  vessels  no  longer  present  a  muscular  coat.  Nothing  is  known 
ufthe  presence  of  lymphatics  in  Hny  part  of  the  bones  or  in  the  periosteum. 

Tlie  only  point  of  physiological  interest  Cfvunected  with   thq  luarroi^  is,  tliat  it  has 

^etn  found  to  possess,  in  common  with  the  periosteum  but  in  a  less  degree,  the  proi»erty 

of  generating  true  Iwiiiy  substances.     We  shall  see  farther  on,  that  the  periosteum  is  not 

nnlj  very  important  to  the  nutrition  of  tbo  I)ones,  but  thsit  it  wil!  generate  hone  when 

tnuiiplanted  into  vai*cnlar  parts.     M.  Oilier,  who  has  made  a  very  extended  series  of 

1  fiit'nts  upon  the  phy*»io logical  properties  of  the  periosteum,  endenvored  to  produce 

"^y  tran>iphintijig  portions  of  marrt»w,  hut  was  unsuccessful.     M.  Goujon,  however, 

f  •  l.it.'ly  been  more  fortunate.     Ho  has  found  that  frequently,  hut  not  uhvays,  nuirrow 

*f  iri^pltuitcd  into  tlie  muscular  tissue  will  generate  bone,  particularly  the  marrow  taken 

<tom  joong  buoc^  but  the  bony  tissue  thuB  formed  is  soon  absorbed, 

Ptrimtsnm. — In  most  of  tlie  bones  the  periosteum  presents  a  single  layer  of  fibrous 

*<»tie,  hut  in  some  of  the  long  hones  two  or  three  layers  may  he  demonstrated.     This 

invmhraDe  adheres  to  the  bone  hut  can  generally  he  separated  without  nmoh  difficulty. 

bones  completely,  except  at  the  articular  surfaces,  where  its  place  is  supplied 

1 1 '  nis  incriistiition.    It  is  composed  main  ly  of  fibres  of  the  white  inelastic  variety, 

*Ji^iinnmerons  small  elastic  fibres,  blood- ves^sels,  nerves,  and  a  few  adipose  vesicles* 

Tl)(^  arterial  branches  ramifying  in  the  periosteum  are  (piite  numeroutJ,  forming  a  dose, 
i^»a*to!noi4inff  plexus,  which  sends  numerous  small  branches  into  the  bony  substance, 
TWpi* nothing  peculiar  in  tlie  arrangement  of  the  veins.  The  distribution  of  tbe  veins 
^  tilts  bony  substan(!e  has  been  very  little  studied, 

Tla*  nerves  of  the  periosteum  are  very  abtmdant  and  form  in  its  suUstance  quite  a 
^m  jilexus. 

The  afli(:M>9e  tissue  is  very  variable  in  quantity.  Tn  some  parts  it  forms  a  continuous 
'''«!t,  and  in  others  the  vesicles  are  ©cattered  here  and  there  in  the  substance  of  the 
""tinbrane. 

Tlif  importance  of  the  periosteum  to  the  nutriti  on  of  tlie  hones  is  very  great.  Instances 
^^t\  recortl  where  bones  have  been  removed,  leaving  the  periosteum,  and  in  whicli  the 
cftfift)  i,^jjg  ijj^jg  \^^^ii  regenerated.     The  importance  of  the  periosteum  has  been  &till 
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farther  iUastrated  by  the  remarkable  experiiueiiU  of  M.  Oilier,  upon  traDftplantatioii  ol_ 
thia  membrane  in  the  different  tissues  of  living  animals. 

J*hy$iologi€al  Anat<ymy  of  Cartila^e.^ln  this  connection,  the  stmctnTe  of  the  j 
lar  cartilages  present*  tlie  chief  physiological  interest.    The  articnlar  surfaces  of  i 
bones  are  encrusttrd  with  a  layer  of  cartilage,  Tafytng  in  thickness  from  /»  to  /^  of  an 
inch.    The  cartilaginous  substance  is  white,  opaline,  and  semitransparent  when  examine 
iu  thin  sections.     It  is  not  covered  with  a  membrane,  bat  in  the  non-articular  can 
lages  it  has  ao  inYcstmeut  analogous  to  the  periosteum. 

Examined  in  thin  sections,  cartilage  is  found  to  consist  of  a  homogeneous  fundamental 
substance,  marked  with  Dumerons  excavations,  called  cartilage-cavities,  or  chondropla 
The  intervening  substance  has  a  peculiar 
organic  base,  called  cartUagine.  By  pro- 
longed boiling  this  is  changed  into  a  new 
substance,  called  chondrine.  The  organic 
matter  is  united  with  a  certain  proportion 
of  inorganic  salts.  This  fundamental  sub- 
stance  is  elastic  and  resisting.  The  oar- 
tilagea  are  closely  united  to  the  subjacent 
bony  tissne*  The  free  articular  surface 
has  already  been  described  in  connection 
with  the  synovial  membranes. 

Cartilage*  Cavities, — These  cavities  are 


air  ' 


I  ffit  rift  of  iLf  or^ 


■  u-it 


tji)it«<i  :^ut«!«  Anuy  M«<Uc«J  Mutt«ujii.) 


of  ibv  eujiej'ilciiii  kj.« 


2.    PiirM-rftrliil    Uriof  itf  t 


rounded  or  ovoid,  measuring  from  ^^'^^  to  ^^^  of  an  inch  in  diameter.  They  are  ( 
ally  smaller  in  the  articular  cartilages  than  in  other  situations,  as  in  the  costal  ca 
Tiiey  are  simple  excavations  in  the  fundamental  substance,  have  no  lining  membmnafl 
and  contain  a  Bmall  <juantity  of  a  viscid  liquid,  with  one  or  more  cells.  They  are  entirdf  [ 
analogous  to  the  lacnnre  of  the  bones. 

Cartilir^e'CeUs, — Near  the  surface  of  the  articular  cartilages,  the  cavities  oontslii  fi^ 
a  single  cell;  but  in  the  deeper  portions  the  cavities  are  lung  and  contain  frt>»i  twotf 
twenty  cells  arranged  longitudinally.  The  cells  are  of  about  the  sixe  of  the  (froall*** 
cavities.  They  are  ovoid,  with  a  large,  granular  nucleus.  They  often  contain  «  (^^ 
fimtdl  globules  of  oil.     In  the  costal  cartilages  the  cavities  ore  not  numerous  bat  ff^ 


PASSIVE  ORGANS  OF  LOCOMOTION. 


549 


i  quite  large.  The  cells  contain  generally  a  certain  araonnt  of  fatty  matter. 
aee  of  the  ordinary  articular  cartilage  is  represented  in  Fig.  108. 
onlinary  cartilages  have  neither  blood* vessels^  lymphatics,  nor  nerves,  and  are 
JkkI  exclusively  by  imbibition  from  the  <<urro!inJing  parts.  Their  function  liafl 
already  been  Btitficieutly  considered  in  treating  of  the  synitvial  membrane?.  In  tlte  devel- 
opment of  tbd  boily,  tde  anatomy  of  the  ciirtilaginona  tisysue  possesses  pecuUar  interest^ 
ihim  the  fact  that  the  deposition  of  cartilago  precedes  the  fommtioD  of  bone ;  but  we 
hgre  hero  only  to  do  with  the  permanent  cartilages. 

Fibr<t-€artilagii, — This  variety  of  cartilage  preaente  certain  important  peculiarities 
iti  r  .ire  of  it*  fundamental  substance.    It  exists  in  the  fc^ynchondro»es,  the  car* 

m  *^  *>ar,  i»f  the  Eustachian  tubes,  the  interarticular  disks,  the  intervertebral 

'''3  of  Stmtorvni  and  o!  Wri.sberg,  and  the  epiglottis^     Its  structure 
;tnd  sncceA«*ftilly  sludied  by  Sappey,  who  baa  arrived  at  results  dif* 
Dg  considerably  from  those  olduiried  by  other  obsiervers. 
(According  to  Sappey,  fibro-cartilage  is  oompused  of  true  fibrous  tissue,  with  a  great 
alnancc  of  clastio  fibreSf  fuBiform,  nucleated  fibres,  a  certain  number  of  adipose 
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)hu,  W,^<StetiQti  4^ the  cartiUt^t  qf  the  ear  of  th«  Kunuin  mtf^tei.    (BnUMt) 

;  ft,  oonaertire  llwiie.    la  tlila  prepAratioii^  tlio  cartilage  had  tw«a  txnUfd  uid  dried. 

rfde*         "      -cells,  and  nuraerons  bli>od-vej*8elB  and  nerves.    The  presence  of  cnrtilage- 

>  H>  Jiis  tissue  to  iliQ  ordinary  cartilage,  althotigh  its  structure  is  very  much 

>reciiiijpleit.    The  fibrous  elements  above  mentioned  take  the  place  of  the  homogeneous 

mmlAl  sabstance  of  the  true  cartilage.     The  most  important  peculiarity  in  the 

iPtnre  of  this  tissue  Is  that  it  is  abundantly  t»npplied  with  blood-vessels  and  nerves. 

Tbe  reader  b  referred  to  works  upon  anatomy  for  a  history  of  the  action  of  the  muscles. 

'ti  *K)!u«  works  upon  physiology^  will  be  fonnd  descnptiuns  of  the  acts  of  walking,  running, 

|^'*ping,  swimming,  etc. ;  but  we  have  thought  it  Viotter  to  omit  these  subjects*  rather  than 

*  «atef  as  minutely  as  would  be  necessary  into  anatomical  details  and  to  give  elaborate 

riptlons  of  movements  which  are  simple  and  fatuiliar* 

Voice  and  Speech. 

There  arc  few  subjects  connected  with  human  physiology  of  greater  interest  than  the 
tDtx^hiniisrn  of  voice  and  sfjeech.  In  common  witl»  most  of  the  higher  classes  of  animals, 
^iD  li<>ndowed  with  voice;  but,  in  addition,  lie  is  able  to  express  by  speech  the  ideas 
ml  are  the  result  of  the  working  of  the  brain.  In  this  regard  there  is  a  difference  be- 
^^ftn  man  and  all  other  animaLs.    It  is  the  remarkable  development  and  the  peculiar 
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properties  of  the  brain  that  enable  him  to  acquire  the  series  of  movements  that  confititot* 
articulate  language;  and  this  faculty  is  nearly  always  impaired  part /»/?«*«  with  defificur 
in  the  intellectual  endowment.     Language  is  one  of  the  chief  expressions  of  iiiteiruyenec  ;.i 
and  its  study^  in  itself^  constitutes  ahuost  a  distinct  seience^  inseparably  connected  witkl 
pByclioIogy*     In  connection  with  the  study  of  movements,  therefore,  it  is  not  necesearjrl 
to  discuss  the  origin  and  construction  of  language,  hut  fldmply  to  indicate  the  mechnnisni^' 
fir^t,  of  the  formation  of  the  voice,  and  afterward,  the  manner  in  whicb  the  voice  is 
modified  in  the  production  of  articulate  ijounds. 

The  voice  in  the  human  subject,  presentlngj  as  it  does,  a  variety  of  characters  ii«.l 
regards  intensity^  pitchy  and  quality,  and  being  susceptible  of  great  modificationB  by  habitj 
and  cultivation,  atibrds  a  very  extended  tield  for  physiological  study.  Of  late  years,  thitj 
has  t>eeii  the  subject  of  careful  inveatigatiou  by  the  most  eminent  physicists  and  physic4t>*I 

gist 9  uf  the  day ;  hut  to  follow  it  out  to  its  extrcmttl 
limits  requires  a  knowledge  of  the  physics  of  sounll 
and  the  theory  of  music,  a  full  consideration  of  which 
would  be  inconsistent  with  the  scope  and  objects  of 
this  work.    We  shbll  content  ourselves,  therefore,  with  _ 
a  sketch  of  the  pliysiological  anatomy  of  the  parts  eon*  fl 
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cerned  in  the  formation  of  the  voice,  and  the  mechanism 
by  which  sounds  are  produced  in  the  larynx,  without 
treating  fully  of  their  varied  modifications  in  tiuality. 
It  will  not  bo  necessary  to  treat  of  the  dilTeronl  Ih 
ories  of  the  voice  that  huve  been  presented  from  ttmo 
to  time,  except  in  so  far  as  they  have  been  confirmed 
by  recent  and  complete  observations,  particularly 
those  in  wliieh  the  vocal  organs  have  been  stndieil  in 
action  by  means  of  the  laryngoscope. 
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Sketch  of  the  Phffiiolof^iml  Anatomjf  of  th€  Voe^t 
Orga7i9.^ThG  principal  organ  concerned  in  the*  pro- 
duction of  the  voice  is  the  larynx.    The  accessory  or- 
gans are  the  lungs^  tracheji,  and  expiratory  musc1e«^l 
and  the  mouth  and  resonant  cavities  about  the  fiic*,! 
The  lungs  furnish  the  air  by  which  the  vocal  cUonlij 
are  thrown  into  vibration,  and  the  mechanism  of  thia] 
action  is  merely  a  modi  tic  at  ion  of  the  process  of  ex  pi  ra- 
tion.    By  the  action  of  the  cxf>iratory  musclee  thtl 
intensity  of  vocal  sounds  is  regulated.     The  tracheftj 
TiG.Uf*—i^Ti{fttuitin,tr<^,eNfmtjfthehtt'   Hot  oulv  conducts  the  air  to  the  larvnx,  but,  bv  cer-J 

(Stipiwy.)  turn  variations  in  its  length  and  caliber,  it  may  ussis 

t  TetiiHcj^  <»f  ihr  i.r)Tix ;  ^  nu^icHor  vocfti   jn  modifying  the  pitch  of  the  voice.    Most  of  thv  varia 
nryivaoiil   tions  in  the  tone  and  quahtv,  however,  arc  pmn^te*!  bf 


[[y'i,  i  fho  P»l"   tbe  action  of  the  larynx  itself  and  of  tlie  part^  situate 

above  it. 


rl- 
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It  is  impossible  to  give  a  complete  accoimt  of  th^ 

structure  of  the  larynx,  without  going  more  f 

is  desirable  into  purely  anatomical  details,     r 

ttsitio;  i\  ih^ettou  of  tbe  hyoid  bimo;   atomical  points  have  alreadv  been  referred  to  undo 
1S»,  19,  HV  tnwhca,  ,       ,        ,      .  ...  ,.  .  ,    .,  ^ 

the  head  o!  respiration,  m  connection  with  the  respl 

ratorj-  movement*  of  the  glottis ;  and  we  propose  here  only  to  refer  to  the  situation  * 

the  vocal  chords,  and  to  indicate  the  modifications  that  they  can  bo  made  to  nndcrgo  i 

their  relation**  and  tension  by  the  action  of  certain  muscles, 

Tbe  vocal  chords  are  stretched  across  tbe  superior  opening  of  the  larynx  fr<jm  befoa 
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kwanl.  Tbey  consigt  of  two  pairs.  Tho  superior,  called  the  false  vocal  chords,  are 
not  concerned  in  the  prodn<!tioii  of  the  Toice.  They  are  less  proruinfcDt  than  the  iulerior 
chords*  iUthough  thoy  have  nearly  the  same  direction.  They  are  covered  by  on  excessively 
thin  mucona  membrane,  which  is  cloeely  adherent  to  the  subjueent  titfBtie.  The  cliords 
thlmllM^lve^  are  compoj^ed  of  fibres  of  the  white  inelastic  variely,  mi^ed  with  a  few 
cUstio  fibres. 

Tlie  true  voi^al  cliordj^  are  situated  jost  below  the  superior  chords.  Their  anterior 
attachiricnt*  arc  near  to^^ether,  nt  the  middle  of  the  thyroid  cartilage,  and  are  immovohle* 
P<»trriorly  they  are  attached  to  the  ruovable  arytenoid  cartilage.^s ;  and^  by  the  action  of 
eertJiin  ma^cles,  flicir  tension  may  be  niotlilied,  and  tht;  chink  of  tl»e  glottij^  niay  ho  opened 
t>r  cloaed*  The#e  li^^aint^nts  are  much  larger  than  the  false  vocal  chord«^,  and  they  cod- 
^im  a  rery  great  onmber  of  elastic  fibres.  Like  the  superior  ligamentst,  they  are  covered 
au  excessively  thin  and  closely  iidhertnt  tnncoue  njembrane.  The  mucous  mem- 
over  the  borders  of  the  chords  is  covered  with  pavement-epithelium  withoot 
There  are  no  mucous  glands  in  the  membrane  covering^  either  the  i»uperior  or 
flj<!t  iiiferior  chords 

It  has  been  conclasively  shown  that  the  inferior  vocal  chords  alone  are  concerned 
b  the  productrun  of   tho  voice.     Longet^  who  has  made  numerous  experiments  upon 
phookAtion^  has  demonstrated,  by  operations  npon  dogs,  that  tlie  epiglotlia,  the  superior 
vr>cal  chords,  and  the  ventricles  of  the  larynx,  may  be  injured,  without  i»rmjucing  any 
us  alteration  in  tho   voice,   but  that  phonation  becomes  rmpossible  after  serious 
ion  of  tlie  inferior  chords.     This  being  the  fact,  as  far  as  the  mere  production  of  the 
»nice  in  tho  larynx  is  concerned,  we  have  only  to  t^tudy  the  mechiini^m  of  the  iiction  of 
tiie  mferi<jr  ligaments  and  the  muscles  by  which  their  tension  and  rehitions*  are  nnxlificd. 
Muselm  of  the  Lartfn^. — Anatomists  usually  divide  the  muscles  of  the  larynx  into 
cxtriiii*ic  and  intrinsic.     The  extrinsic  muscles  are  Attached  to  the  outer  surface  of  the 
larynx  and  to  adjacent  organs,  such  as  the  hyoid  bono  and  the  sternum.     They  are  con- 
cerned chiefly  in  the  movements  of  elevation  and  depression  of  the  larynx.     The  intrinsic 
ruvutilt»s  ore  attached  to  tho  ditFerent  parts  of  the  larynx  itself,  and,  by  their  action  upon 
Iht'  Jirticnlating  cartilages,  are  capable  of  modifying  the  condition  of  the  vocjil  chords. 
Tlie  uniiibcr  of  the  intrinsic  muscles  is  nine,  consisting  of  four  pairs  and  a  single  muscle, 
the  situation  and  attachments  of  these  nmscles,  it  will  be  nsefiil  at  the  same 
their  mode  of  action, 
i^eflriiig  in  mind  the  relationn  and  attachments  of  the  rocul  chord!*^  we  can  underi^tand 
I'Th'iiiciy  how  they  can  be  rendered  tense  or  loose  by  muscular  action.    Their  fixed  point 
i«lii  ffrtnt^  where  their  extremities,  attached  to  the  thyroid  cartilage,  are  nearly  or  quite 
ltt<**mt»ct  with  each  other.     The  arytenoid  cartilages,  to  which  they  are  attached  poste- 
rifirif,  present  a  movable  articulation  with  the  cricoid  cartilage  ;  and  the  cricoid,  which  is 
lurror  111  front,  and  is  wide  behind,  where  the  arytenoid  cartilages  are  attached,  presents  a 
tao^alile  articulation  with  the  tliyroid  cartilage.    It  it*  evident,  therefore,  that  umticles  act- 
%  "|K>n  the  cricoid  cartilage  can  caui*e  it  to  swintr  upon  its  two  points  of  articulation  with 
t^H'Uiferior  cornuaof  the  thyroid,  raising  theimtcrior  portion  and  aiiproximating  it  to  the 
I'^^tcreJge  of  the  thyroid;  and,  as  a  consequence,  the  posterior  portion,  which  carries 
l^'«  arytenoid  cartilages  and  the  posterior  attachments  of  the  vocal  cliord»,  is  depressed. 
^>>«ctian  would,  of  coarse,  increase  the  distance  between  the  arytenoid  cartilages  and 
^"f  aatcrior  ptirtion  of  the  thyroid,  elongate  the  vocal  chords,  and  sul^ject  them  to  a  cer* 
^ift  (logree  of  tension.     Experiments  have  shown  that  such  an  effect  is  produced  by  the 
pxmtm^tion  of  the  crico-ihyroid  muscles. 

Tla*  urticnlntions  of  the  ditierent  parts  of  the  larynx  are  sncb  that  the  arytenoid  car- 
tua^  may  he  approxi  mated  to  each  other  posteriorly,  though  per  hups  only  to  a  slight 
^^ttnt,  ilms  diminishing  the  interval  between  the  posterior  attachments  of  the  vocal 
^'^K>rds,  Tills  action  can  be  effected  by  contraction  of  the  single  muscle  of  the  larynx 
♦tb^trytcnoid)  and  also  by  the  lateral  crico-arytenoid  muscles.   The  thyro-arytenoid  mns- 
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cles,  the  most  complioAted  of  &11  the  intrinsio  muscles  in  their  attacbmeEts  and  the  direc* 
tion  of  their  tibr*j8,  give  rigidity  and  increased  capticitj  of  vibratioti  to  the  vocal  chorda. 

The  posterior  crico -arytenoid  must^lus,  arising  from  each  lateral  lialf  of  the  posterior 
surface  of  the  cricoid  cartilage  and  pasBiDg  upward  and  outward  to  be  inserted  into  the 
outer  angle  of  the  inferior  portion  of  the  arytenoid  cartilages,  rotate  these  oartilagpes 
outward,  separate  them,  and  act  as  dilators  of  the  chink  of  the  glottis.  These  muscles 
are  chiefly  concerned  in  the  respiratory  movemenlfl  dnring  iuspiratiao. 

The  muiicles  mainly  concerned  in  the  modificationa  of  the  vniee,  by  their  action  upon 


Fia.  m.^iuti 


(  muAcU«  t^  thf.  Jfiryn^^ 


1,  iK»t4rrior  crlcci  ui;  l         i  ijiipole;  2,  fl.  4,  dlFerclit  (h«- 


U  IwJdy  of  tht'  hyold  bono ;  %  vertlcii  Motion  of  Ibt?  Uir- 
rotil  cartjtiigti';  H,  liod/oDto]  iM>ction  of  the  tbyrdral 
ai.rtil4i|rti  turticd  duviu^vunl  to  fihow  th<.*  <Ie«p  fttUidi> 
tot^xit  of  tb©  crico-tbyrold  mmick? ;  4,  (keet  of  articu- 
Utlon  of  the  aaukll  ooran  of  thi"  tbvr\tt<l  cojtiloi^  wltb 
iht  cricoid  cttrtSkgo ;  5,  Hurot  od  ttm  cricoid  oartllMEf  I 
fi,  flu|ierior  ttttadiiiient  of  tt^e  cHco-tbyrold 
T«  posterior  crieo-trytemofd  toiucle;  B^  10,  i 


irkittldoflii  moflcki;  12.  mlddk<  tfayio-bjrold  Ufuneat; 
Is,  Menl  tbyro-byold  %%in«iiL 


the  vocal  chords,  are  the  crico-thyroids,  the  arytenoid,  the  lateral  crico-arytenoids, 
and  the  thyro-arytenoids.  The  following  is  a  sketch  of  their  attachmeDts  and  mode  of 
action: 

CrkO'thf/roid  Mmchs. — These  muiscle^  ore  situated  on  the  outside  of  the  larynx  at 
the  anterior  and  lateral  portions  (»f  the  cricoid  cartilage.  Each  muscle  is  of  a  triangular 
form,  the  base  of  the  triangle  looking  posteriorly.  It  arises  from  the  anterior  and  lateral 
portions  of  the  cricuid  cartilage,  and  its  fibres  diverge  to  be  Inserted  into  the  inferior 
bolder  of  the  thyroid  cartilage,  extending  from  the  middle  of  this  border  posteriorly,  w 
far  back  fifi  Hie  inferior  corniia,  Longet,  after  di\nding  tlie  nervous  filaments  distributed 
to  these  mni*cleji,  nuted  hoarseness  of  the  voice  due  to  relaxation  of  the  vocal  chords; 
and,  by  imitjititig  ttieir  action  mechanically,  he  aiiproxiniHted  the  cricoid  and  thyroid  car- 
tilages in  front,  carried  back  the  arytenoid  cartilages,  and  rendered  the  chords  tense. 

Arytenoid  Jfnsele. — This  single  muscle  fills  up  the  space  between  the  two  arytenoid 
cartilages  and  is  attached  to  their  posterior  surface  and  borders.  Its  action  evidently  is  to 
approximate  the  posterior  extremities  of  the  chords  and  to  congtrict  the  glottis,  as  far  u 
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tbe  arttciilfttians  of  tbe  arftenoid  cartilages  with  the  cricoid  will  peniiU.  In  any  event, 
this  miifide  Ia  iinpurtant  in  pLonutiou,  as  it  served  to  fix  the  posterior  attachments  of  the 
focal  chords  and  to  lucretiso  the  efficiency  of  certain  of  the  other  iutriniiic  nutscles. 

L*tfrf\tl  CrUv-arytenoid  Mu^Un, — The»e  mnscleB  are  situated  in  the  iiitverior  of  tlio 
larynx.  Thoy  arise  from  the  side«  and  superior  borders  of  the  cricoid  curtih%'e,  pass 
npwfir*!  nod  backward,  aud  ure  attached  to  the  base  of  tlie  arytenoid  cartila^^es.  By 
di  i»f  the  tilaments  of  the  recurrent  laryngeal  nerveft^  except  thosie  distributed  to 

Ui' -  1--^,  and  then  galvanizing  the  nerves,  Longet  has  ahown  that  they  act  to  ap- 

proximato  the  vocal  chords,  and  to  constrict  the  glottis,  particularly  in  it8  interligam^sntous 
portion.     Thcite  muacle«,  with  thu  arytenoid,  act  as  constrictors  of  the  larynx. 

T k^r<Mir%fUnoid  Mmchs. — It  is  HUtliciently  easy  to  indicate  the  relations  and  attivch- 
^MiMf  these  luilsetes,  hut  their  mode  of  action  is  more  complex  and  dilSeult  of  comftre- 
^^^H|K;     When  we  come  to  study  the  conditions  of  the  vocal  chords  involved  in  certain 
^^po^^  <he  voice,  we  shall  refer  more  in  detail  to  the  action  of  ditterent  fasciculi 

^Hf  In  this  connection,  we  shall  imly  describe  very  briedy  their  situation 

^^■d  atLarhments  and  the  general  results  of  tlieir  contraction. 
^m  The  tliyrt:»*arytenoid  muscles*  are  situated  within  the  larynx.  They  are  broad  and  tlat, 
ind  they  arise  in  front  from  the  nppur  part  of  tho  crico-thyroid  membrane  and  the  lower 
ball  of  x\m  thyroid  cartilage.  From  this  lino  of  origin,  Ciich  muscle  passes  Ijackward  in  two 
fibciculi,  both  of  which  are  attached  to  the  anterior  surface  and  the  outer  borJersof  the 
M'  /es.     Tbe  application  of  galvanism  to  tlie  nervous  tilaments  diMributed  to 

t  s  the  eftect  of  rendering  the  vocal  chordsii  rigid,  increasing  the  inten- 

Liicir  vibratiuns.  The  great  variations  that  may  be  produced  in  the  pitch  and 
uf  the  voice  by  the  action  of  muscles  operating  directly  or  indirectly  up«iu  tlie  vocal 
render  the  problem  of  determining  the  precise  mode  of  action  of  the  intrinsic 

-^-s  of  the  larynx  exceedingly  complicated  nod  tlitlicult.     It  is  certain,  however,  that^ 

b  tlie<e  muscular  acts,  the  thyro-arytenoids  play  an  important  part.  Their  contraction 
rtpuUte*  tlie  tliickness  and  rigidity  of  tlie  vocal  chords,  while  at  the  same  time  it  modi- 
fi<*j  Ihetr  tension.  The  swelling  of  the  chords,  which  may  be  rendered  regidar  and  pro- 
iTe^-^iv*/  under  the  influence  of  the  will,  is  one  of  the  most  important  agents  in  the  forma- 
tiutk  of  the  timbre  of  the  voice. 

MtefumUm  of  the  Prodnctlon  of  the  Voice* 

h  will  save  much  unprofitable  discussion  to  dismiss  qnite  briefly  most  of  the  theories 
^W  lijive  been  advance<l  to  ex[ilain  tlie  production  of  the  voice,  and  to  avoid  compari- 
*^iJiA  uf  the  larynx  with  ditferent  kinds  of  musical  instruments.  Before  the  laryux  had 
''^'.n  Ktndied  in  action  by  means  of  the  laryngoscope,  physiologists,  having  the  anatomical 
^tructaro  of  the  parts  for  their  only  guide,  presented  various  speculations  with  regard  to 
tl>«  nieehanij*m  of  phonation,  which  were  frequently  entirely  opposed  to  each  other  in 
prinuiple.  The  vocal  apparatus  was  compared  to  wind  or  brass  instruments^  to  reed- 
i^^Lnuucnts,  to  string-iustruments,  to  the  flute,  etc.,  and  some  even  refused  to  the  vocal 
tliofOs  any  share  in  the  sonorous  vibrations.  An  apparatus  was  devised  to  imitate  the 
^'>'ul  organs,  experiments  were  made  with  the  larynx  removed  from  tbe  body,  and  every 
tmnjf  ^e^uued  to  be  done,  indeed,  except  to  observe  the  organs  in  actual  function,  A  sliort 
^'"'t,  Low  ever,  after  the  hiryngoscope  came  intu  use,  the  larynx  was  examined  during  the 
l>fu<lriction  of  vocal  sounds.  The  true  vtdue  of  previous  theories  was  then  positively 
^woonslrated ;  and,  while  it  has  not  been  possible  to  settle  all  disputed  points  with  regard 
J^tbwpt^^ise  mode  of  action  of  certain  muscles,  the  appearances  of  the  larynx  itself  dur- 
%  l^hoiintion  and  tbe  results  of  the  action  of  certain  of  the  intrinsio  moscles  have  been 
'l"ito  accurately  described. 

^PpMrane^  qf  the  Olotth  during  Ordinary  Beipirati&n^ — If  the  glottis  be  examined 
^'t"  tlio  hvryngoscope  during  ordinary  respiration,  tbe  wide  opening  of  the  chink  during 
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mspiration,  due  to  the  rcHoq  of  the  erieo- arytenoid  tnas^^les,  can  be  ol^^rved  wid 
difficulty,     This  action  is  effected  by  a  separation  of  the  posterior  jwlnU  uf  attachitiefit 
of  the  vooal  cliord*  to  the  arytc-Boid  cartilages,     Dtintig  ordinary  ex[nration»  none  of  the  ^ 
intrinsic  nui^i^clcs  seem  to  act«  and  the  larynx  is  entirely  paft^ive^  whiJc;  tlic  air  is  gvtitlj 
forced  out  by  the  elafiticity  of  the  lungs  and  of  the  thoracic  walls.     But,  as  5«h>ii  110  mil 
effort  h  made  to  prfiduco  a  vocal  sound,  tlie  appearance  of  the  glottis  undergi^w  «  re- - 
inarkable  change,  uud  it  becomes  modified  in  the  most  varied  and  intere^Jting  manner  « TUft| 
the  different  clianges  in  [nteh  and  intenif^ity  that  the  voice  C4m  he  made  to  aasmne.     Ai 
though  it  is  BUtheiently  evident  that  a  sound  tnny  be  produce*!,  and  even  that  word*  niay  1 
be  articiJated^  with  the  act  of  inspiration,  true  and  noniml  phonation  is  effected  dnriBj^j 
expiration  ortly.     It  is  evident,  dso,  that  the  inferior  vocal  chords  alone  are  concemedl 
in  this  act.    The  changes  in  the  position  and  tension  of  the  chords  we  shall  ctndy,  fin^> 
with  reference  to  the  general  act  of  phonation,  and  afterwai'd^  as  tlie  chords  act  in  tht 
varied  raoditicationa  of  the  voice  aa  regards  inteusity^  pitch,  and  quality* 

Motcmenti  of  the  Glottis  during  Phonation. — It  is  somewhat  difficult  to  observe  witlii 
the  laryngt>»cope  all  of  the  vocal  phenomena,  on  account  of  the  epiglottia,  wbich  hides  ai 
considerable  portion  of  the  vocal  chords  anteriorly,  especially  during  the  production  of  j 
certain  tones;  but  the  patience  and  skill  of  Garcia  enabled  him  to  overcome  nio^t  of] 
these  difficulties,  and  to  settle,  by  autolaryngoscopy,  the  most  im[jortant  questions  witli ' 
regard  to  the  movements  of  the  larynx  in  singing.  It  is  fortunate  that  these  obs«rvft-J 
tions,  which  are  models  of  acientific  accuracy  and  the  result  of  most  persevering  ^tuidyJ 
were  made  by  one  profoundly  versed,  theoretically  and  practically,  in  the  knowledge  of' 
music,  and  possessed  of  great  control  over  the  voc^l  organs,* 

Garcia,  after  having  observed  the  respiratory  movements  of  the  larynx,  as  we  have 
briefly  described  thetn^  noted  that,  as  <*oon  as  any  vooal  effort  was  made,  tlic  arytenoid 
cartilages  were  approximated,  so  that  the  glottis  appeared  as  a  narrow  ^lit  tonned  by 
two  chords  of  equal  length,  firmly  attached  posteriorly  as  well  as  anteriorly.  The  glottia 
thus  undergoes  a  marked  change.  A  nearly  pasaive  organ,  opening  widely  for  the  poA- 
sage  of  air  into  the  lungs  (because  the  iDspiratory  act  has  a  tendency  to  draw  its  edg«« 
/  _  together)  and  entirely  passive  in  expiration,  has  now  bc- 

'  '  "  come  a  sort  t»f  musical  instrument,  presenting  a  slit  with  | 

borders  capable  of  accurate  vibration. 

The  ai)pro.viination  of  the  posterior  extremities  of  thtft  j 
viioal  chords  and  their  tension  by  the  action  of  certain  of 
the  ifjtrinjjiic  muscles  are  accomplished  just  bcture  the  vtyotl 
effiirt  is  actually  made.    The  glottis  being  thus  prepared 
for  the  emission  of  a  particular  sound,  the  exjuratory  mus- 
cles force  air  through  the  larynx  with  the  required  power. 
It  seems  wonderful  how  a  carefully-trained  voice  can  bo 
modulated  and  varied  in  all  its  ipialities,  including  the  Ut* 
wnj;  thf  .mU)tif>n  t-ensity  of  viliration,  which  is  so  completely  under  control; 
* '||[|  but,  when  we  consider  the  changes  in  its  quality,  we  muil 
remember,  in  explanation,  the  varjing  conditions  of  ten- 
sion and  length  of  the  vocal  chords,  the  differences  in  the 
size  of  the  larynx,  trachea,  and  vocal  passages  generally, 
and  the  different  relations  that  the  acceasory  vocal  orgnns 
"^^  "  can  be  made  to  assume.     The  power  of  the  voice  is  simply 

dtie  to  the  force  of  tlie  expiratory  act,  which  is  regulated  chiefly  by  the  antagonistic  ncla* 

*  HiboH  Gurebk  t)i«  sathor  of  tbfM  oUemtttoiiu,  b  th9  toD  of  Gtivit,  tli»  grMt  rooipoitfr  ami  ■tn^vr,  uid  i%m 
brotbrrnf  Mmc,  MdUiran  Ho  now  ecO'T*  ^  w^t-vt  iTpuUtlou  Id  London,  ia  k  aiii^ir-nui*(^r  *  ^^d  bk  rE]»rtinteitfs 
WW*  mft^lr  wUh  h  Tl«'w.  If  iMi5»lhle,  ftf  rvdud&f  the  art  of  %\neSn$,  wblch  luid  ftlvrayi  bt'<'ti  lau^fal  iiecontlAjr  to  ^ll^e^ 
«iiptrtr«)  tnothodi,  to  KlrnUfl<r  luvtmrr.  It  In  erldcot  tbit  thla  could  \>t  sccoiiipIUtidd  unty  lluiMiglk  ui  OBdt 
kaowlnlgtt  of  th«  fotflliMliai  oTtlM  pradiietlaD  of  vo«i]  fooDdA. 
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'  diapliragtii  nnd  the  alKJoiiiinal  iiiui^lc'S.     From  tLo  fact  that  tht>  diaphrtigm, 
Hi  an  ftcttTe  inspiratory  mn&(^te«  in  QxaciXy  oppai^cHi  to  the  tiitiscle.^  which  have  a  tendency 
msh  the  ahdumitiul  or^dU!^|  with  the  diaphragm  over  theiu,  Into  the  thorai'ic  cavity, 
thns  to  diniimsh  the  pnlmonary  capacity,  the  expiratory  and  inspirfttory  act*  may 
\  so  nicely  that  the  most  delicate  vocal  vibrations  can  l»e  produced.    Th© 
1-  closed  as  a  preparation  to  a  vocal  nct^  prc!*ents  ii  certain  utnoinit  of  resist- 
R&it*  i*j  the  egressi  of  air.     Thiis  is  overcome  \*y  tiie  iictiou  of  the  expiratory  mu^icles, 
and,  with  the  passage  of  air  through  tlie  chink,  the  edt;«ii  of  the  opening,  which  an;  tVtrmcd 
hy  the  true  t^oeal  chorda,  are  thrown  into  vibration.     Many  of  the  dittcrent  qniditie^ 
that  are  recognized  in  the  human  voioe  arc  duu  to  differences  in  the  length,  breadth,  and 
thicku«»»  of  the  vibratinjz  nhbons;  hnt,  aside  from  what  is  teehnieidly  known  as  ciuality^ 
the  piteh  i&  dependent  chiefly  npon  the  length  of  the  opening  through  which  the  air  is 
made  to  pa^  and  the  degree  of  tension  of  the  chords.     The  ujechimiyni  of  these  changes 
-^  pitch  of  vocal  sonndsf  is  well  illuiitrated  by  Garcia  in  the  following  passage,  which 
^  to  what  is  known  a-^  tlie  chest-voice  : 
''  If  we  emit  veUed  and  feeble  sounds^  the  larynx  oj^ens  at  the  notes 
md  we  see  the  glottis  agitated  by  large  and  loose  vibrations  ihrongh- 
ont  its  entire  extent.     Its  lips  comprehended  in  their  length  the  ^o,  w»    mt 

anterior  apophysfes  of  the  arytenoid  cartilages  and  the  vocal  chords ;  bnt,  1  repeat  it, 
tliere  remains  oo  triangnlar  space* 

**  Afl  the  sounds  ascend,  the  apophyses,  which  are  slightly  rounded  on  their  internal 
ttde,  by  a  gradual  apposition  commencing  at  the  bnck^  encrouch  on  the  length  of  the  glottis ; 

And  as  soon  as  we  reach  the  somidat  -Q-  l  they  finish  by  touching  each  other 

thronghunt    their    whole    extent  ;  "t;)       [ j—   ^"^   t^i^^^r  f>ummiti;  are  only  solidly 

fixed    one    against     tlie    other    at    t7     tT  -^       thenratear   Q-  -  --  i.     In  aome 

organs  these  summits  are  a  little  va-  *i,    **».         ci  Hating  l^— ^p^j^^  when  they 

(ona  ihe  ]>osteHor  end  of  the  glottiss,  and  two  or  three  half-tones   t     §^  which  are 

fomietl  show  a  certain  want  of  purity  and  strength,  which  is  dw,    »,        very    well 

known  U>   singers.     Froini--^  ithe  vibrations,  having  become   rounder  and 

[  accomplished  hyp/rv       j     ^^    :  the  vocal  ligaments  alone,  up  to  the  end  of 

ft-  ^  '  r.         .  5^~|i-    *"* 

"  The    gh)tti8    at    this  do.    «.       moment  presents  the  a;ffpect  of  a  line  swelled 

toward  Its  middle,  the  length  of  which  diminishes  still  more  ae  the  voice  ascends.  We 
fhall  also  see  that  the  cavity  of  the  larynx  has  bt^come  very  small,  and  that  the  auperior 
li^uments  liuve  contracted  the  extent  of  the  ellipse  to  less  than  one-haltV* 

T!rt<.*e  observatirms  have  been  in  the  main  confirmed  by  BattalUe,  Emma  Seller,  and 

who  have  afiplied  the  biryngoscope  to  the  study  of  tlie  %'oice  in  .singing,     A  few  years 

!ir\fl  an  opportunity  of  observing  tlie  changes  in  the  form  of  the  glottis  during 

t'  fion  of  vocal  Hotmds  of  different  degrees  of  pitch,  through  tlte  kindness  of  Dr. 

h^  utter,  of  Bost<m-     In  these  experiments,  the  various  points  to  which  we  have 

alhided  were  illustrated  by  autolaryngoscopy  in  the  most  marked  manner;  and  nothing 

could  U»  more  striking  than  the  changes  in  the  form  of  the  glottis  in  the  transition  from 

low  til  high  notes.     We  liavo  also  frequently  observed  the  general  appearance  of  the 

'     '^  in  phonatlon  io  experiments  opon  animals  in  which  the  glottis  has  boen  exposed 

\\\ 

Variatitmn  in  the  Qualtty  of  the  Y&ite,  depending  up&n  Difference  in  tkt  She  and 

^Fifrm  i*f  the  Larynx  and  the  Voe(tl  Chords.— We  are  all  sufficiently  familiar  with  the  char- 

tter«  of  the  male  as  dititlnguished  from  the  female  voice,  and  with  what  are  known  as  the 

ffercnt  vocal  registers.     In  childho<ul,  the  general  characters  of  the  voice  are  essentially 

llie  luime  in  both  sexes.     The  larynx  is  smaller  than  In  the  adult,  and  the  Toeal  nnisclea 

are  e?idcntly  more  feeble;  but  the  quality  of  the  vocal  sounds  at  this  period  of  life  is 

peculiarly  pure  and  penetrating.     While  there  are  certain  characters  that  distinguish  the 

voices  of  boys  before  the  age  of  puberty,  they  present,  a$  m  the  female,  the  different  qualities 
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of  the  Boprano  and  contralto.  At  tins  age  the  voices  of  boys  are  capable  of  cooBiderable 
cultivation,  aod  their  peculiar  quality  is  sometimes  highly  prized  in  church-music.  AfC^r 
the  age  of  puberty^  the  female  voice  does  not  commonly  nndergo  any  very  marked 
change,  except  in  the  developmeDt  of  additional  streogth  and  iucreased  coropasij,  the 
qnality  remaining  the  same ;  but  in  the  male  there  is  a  rapid  elmnge  at  this  tirao  in  the 
developm^^nt  of  the  larynx,  and  the  voice  a^snmes  an  entirely  different  ijuallty  of  tone. 
This  ch/inge  doeii  not  naiially  take  place  if  castration  be  performed  in  early  life ;  and  this 
operation  was  frequently  resorted  to  in  the  seveoteentb  century,  for  the  purpose  of  |»re- 
derving  tiie  qujdities  of  the  soprano  and  contralto,  particularly  for  church-muisie.  It 
is  only  of  late  years,  indeed,  that  this  practice  has  fallen  into  disuse  in  Italy. 

Tlie  ordlnai-y  rang©  of  all  varieties  of  the  human  voice  is  given  by  MiiUer  as  eqna]  to 
nearly  four  octaves;  but  it  is  rare  that  any  single  voice  has  a  compass  of  more  than  two 
and  a  half  octaves.  There  are  exaiiiplofl,  however,  in  which  singfers  have  acquired  a 
compass  of  three  octaves  and  ev«n  more.  The  celebrated  singer,  Mme.  Parepa-Rosa, 
had  a  compass  of  voice  that  touches  three  full  octaves,  from  sola  to  sol*.  In  raus-ic,  the 
notes  are  written  the  same  for  the  male  as  for  the  female  voice,  but  the  actual  value  of 
the  female  notes,  as  reckoned  by  the  number  of  vibrations  in  a  second,  is  always  an 
octave  higher  than  the  male. 

In  both  sexes  there  are  differences^  l^^th  in  the  range  and  the  quality  of  the  voice, 
which  it  is  impossible  ft)r  a  cultivated  musical  ear  to  mistake.  In  the  male*  we  havt  the 
bass  and  the  tenor,  with  an  intermediate  voice,  called  the  barytone.  In  the  female,  wo 
have  the  contralto  and  the  soprano,  with  the  intermediate,  or  tnexxo-soprano.  In  the 
bass  and  barytone,  the  lower  and  middle  notes  arc  the  most  nattiral  and  perfect;  and, 
while  the  higher  notes  may  be  acquired  by  cultivation,  they  are  not  easy  an<i  do  not  poa- 
sess  the  saiuo  quality  as  the  corresponding  notes  of  the  tenor.  The  same  remarks  apply 
to  the  contralto  and  soprano.  The  mezzo-soprano  is  regarded  by  many  as  «n  artiHeiAl 
division. 

The  following  ecale,  proposed  by  Mtiller,  gives  the  ordinary  ranges  uf  the  dilTermt 
kinds  of  voice ;  but  it  must  be  reraembered  Uiat  there  are  individual  instances  in  which 
these  limits  are  very  much  exceeded : 


ml  1^  sol  la  il  do  ro  ml  fli  sol  la  si  do 
11     111     28      22     2    %    i     8 


ra  mi  fii  iol  1»  «t  du  ro  ml  lii  sol  1a  el  4A0 
»88      ftSa     44      44      4440 


I  ml  m 


There  is  really  no  great  dilference  in  the  mechanism  of  the  different  kinds  of  to 
and  the  differences  in  pitch  are  due  chietiy  to  the  greater  length  of  the  vocid  chords  to 
the  low -pitched  voices  and  to  their  shortness^  in  the  higher  voices.  The  differencea  Isi 
quality  are  duo  to  peculiarities  in  the  conformation  of  the  larynx^  to  differences  in  ita 
size,  and  to  variations  in  the  size  and  form  of  the  auiLiUary  resonant  cavities.  Gr«at 
changes  in  the  quality  of  the  voice  may  be  effected  by  pracitice.  A  cultivated  note,  fo? 
example,  Ims  on  entirely  different  sound  fnmi  ri  harsh,  irregular  vibration  ;  and,  by  prao- 
tice»  a  tenor  may  imitate  the  quality  of  the  bass,  and  tict^  rerm^  although  the  effort  ia 
unnatural.  It  h  not  at  all  unusual  to  henr  male  singers  imitate  very  closely  the  nutc«  of 
the  female,  and  the  contralto  wiH  sometimes  imitate  the  voice  of  the  tenor  in  a  (sur- 
prisingly natural  manner.  These  facts  have  a  aomewhat  important  bearing  upon  certain 
disputed  points  with  regard  to  the  mechaniam  of  the  different  vocal  registers,  which  will 
be  considered  farther  on. 

Action  of  the  Intrinm  MauUi  0/  ih4  Larynx  in  Phmation, — It  is  much  more  dlffl- 
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evUi  to  Hud  an  entirelj  satisfactory  explanation  of  tbe  different  tonea  produced  by  the 
hnmaa  larynx  In  tbe  tiction  of  the  iDtHnsio  inii^les  than  to  describe  tbe  changes  in  tbe 
t«ii<kioii  and  rijlations  of  the  Tocal  cliords.  These  mii^clea  are  coneeak'd  from  view,  and 
Uie  only  idea  that  we  can  have  of  their  action  is  by  reasoning  frora  a  knowledge  of  their 
poiolA  of  attUA^hment,  and  by  operations  upon  the  deud  lurjnx^  either  imitating  the  con- 
traction of  special  njiiscles  or  galvanizing  the  nen-us  in  aniniiils  recently  killed.  In  this 
way,  as  we  have  iseen,  i^ome  of  the  muscular  acts  have  been  studied  very  satif<faetorily ; 
but  the  precipe  etfect  of  the  contraction  of  certain  of  the  musdea^  particularly  the  ihyro- 
arytcnoid^  U  stUl  a  matter  of  discussion. 

In  the  production  of  low  chest-tones,  in  whicb  the  vocal  chords  are  elongated  and  are  at 
the  mininam  of  tendlon  that  will  allow  of  regular  vibrations,  the  erico-thyroid  muijclesar© 
undoubtedly  brought  into  action^  and  the&e  are  asj^ti^ted  by  the  arytenoid  and  the  lateral 
crictvarytenoids,  which  coiiilnne  to  fix  the  posterior  attachments  of  the  vibrating  liga* 
meata.  It  will  be  remenibered  tiiat  the  crico-tbyroids,  by  approximating  the  cricoid  and 
thyroid  cartilages  in  front,  have  a  tendency  to  remove  tbe  arytenoid  cartilages  from  the 
Ulterior  attachment  of  the  chorchs. 

Ab  tlie  tones  pro<luced  by  the  larynx  become  higher  in  pitch,  the  posterior  attach- 
ments of  the  chords  are  approximated  more  finnly,  and  at  this  time  the  lateral  crico- 
arytenoids are  probably  brought  into  vigorous  action. 

The  function  of  the  thyro-arytenoids  is  more  complex ;  and  it  is  probably  in  great 
irt  by  tbe  action  of  these  muscles  that  the  varied  and  delicate  modifications  in  the 
igidity  of  the  voca!  chords  are  produced. 

The  remarkable  differences  in  singers  as  regards  the  purity  of  their  tones  are  undoubt- 
edly due  in  greatest  part  to  the  unswerving  accuracy  with  which  some  put  the  vocal  chords 
upon  the  stretch;  while^  in  those  in  whom  the  tones  are  of  inferior  quality,  the  action  of 
the  mu*i<"les  is  more  or  less  vacillating,  and  the  tension  is  frequently  incorrect.  The  fact 
that  some  celebrated  singers  can  make  the  voice  heard  above  the  combined  sounds  from  a 
large  ehorus  and  orchestra  is  not  due  entirely  to  tlie  intensity  of  the  sound,  but  in  a  great 
mi«njittrii  to  the  absolute  mathematical  equality  of  the  sonorous  vibrations  and  the  eom- 
]  Hsence  of  discordant   waves*     Musicians  who  have  heard  the  voice  of  the  cele- 

'[•■  -ko,  Lablache,  all  bear  testimony  to  the  remarkalde  quality  of  bis  voice,  which 

could  be  heard  at  times  above  a  powerful  chorus  imd  orchestra.  A  grand  illustration  of 
this  occurred  at  the  musical  festival  at  Boston,  in  1869.  In  some  of  the  solos  by  Mroe. 
Tarepa-Rosa,  accompanied  by  a  chorus  of  nearly  twelve  thousand,  with  an  orchestra  of 
more  llum  a  thousand  and  largely  composed  of  brass  instruments,  we  distinctly  heard  the 
pure  and  just  notes  of  this  remarkable  sc^prano,  standing  alone»  as  it  were,  against  the 
1^  choral  and  iustrnmental  force ;  and  this  in  an  immense  building  containing  an 
nee  of  forty  thousand  persons.  The  absolute  accuracy  of  the  tone  was  undoubtedly 
:  important  eleruent  in  its  remarkably  penetrating  quality.  In  the  same  way  we  explain 
r '  Tio't  that  the  flnte»  clarinet,  or  the  sound  from  a  Cremona  violin,  may  be  heard  soaring 
nUi'Vo  the  chords  of  a  full  orche^stra. 

Actwn  i)f  AcctMvry  Vocal  Orgaiu. — A  correct  use  of  the  accessory  organs  of  the 
voice  is  of  the  greatest  importance  in  singing;  but  the  manner  in  which  these  parts  per- 
fonn  thi4r  function  is  exceedingly  simple  and  doen  not  re<|uire  a  very  extended  descrip- 
tion. Tbe  human  vf»cnl  organs,  indeed,  consist  of  a  vibniting  instrument,  the  larynx^ 
and  •  jind  cavities  by  which  the  sound  is  reeuforced  and  modified. 

1 1  e*.  not  only  to  conduct  air  to  the  larynx,  but  to  reenforce  the  scmnd 

Ut  a  Certain  extent  by  the  vibrations  of  the  colunm  of  air  in  its  interior.  When  a  power- 
fol  vocal  etiort  is  made,  it  is  easy  to  feel,  with  tbe  finger  upon  the  trachea,  that  the  air 
contained  in  it  is  thrown  into  vibration.  The  stnicttire  of  this  tube  is  such  that  it  may 
'  '  T  _  ited  and  shortened  at  will.  In  the  production  of  low  notes,  the  trachea  is 
and  its  caliber  is  increased,  the  reverse  obtaining  in  the  higher  notes  of  the 
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Coming  to  the  larynx  iUelf,  we  find  tliat  the  capacity  of  its  cavity  is  ciipab!©  of  cer 
VAriatioDs.  In  fact^  huth  the  vertical  and  the  bilateral  iliamcters  are  tlinunished  in  Ligrli 
Dottis  and  are  increased  in  low  notes.  The  verticui  diameter  may  he  modified  ^llghtly 
by  accent  an<l  descent  of  the  true  vocal  chords^  and  the  lateral  diameter  may  be  reduced 
by  the  inferior  con^trietors  of  the  pharynx,  acting  uijon  t)ie  sides  of  the  thyroid  cartilage* 

The  epiglottis,  tlie  miperior  vncal  chords,  and  the  ventrielee,  ai'e  by  no  means  iiidid- 
pimsable  ti>  the  jfrodiictitjn  uf  vocal  suuiids.  In  the  formation  of  high  notes,  the  epigluttis 
19  somewhat  depressed,  and  the  superior  chords  are  brought  nearer  together ;  but  thiei 
only  affects  the  character  of  the  reti^onant  cavity  above  the  glottis.  In  low  notes  the 
superior  chord**  are  *ieparated.  It  was  before  the  use  of  the  laryngoscope  in  the  i»tudy  of 
vocal  phenomena  th»t  the  epiglottis  and  the  ventricles  ware  thought  to  he  »o  important 
in  phouation.  I'mloubtedly  the  epiglottis  has  something  to  do  wttli  the  character  of  the 
voice;  bat  its  function  in  this  regard  is  not  absolutely  necessary,  or  even  vety  importanti 
aa  haj*  been  clearly  shown  in  experiments  of  excising  the  part  in  living  animals. 

The  most  inj|>ortaut  modifications  of  the  Inryngeal  sounds  are  produced  by  tlie  r««>- 
nance  of  atr  in  the  pharynx,  mouthy  and  nasal  fos'^m.  This  resonance  is  indispensable  to 
tlie  production  of  tite  natural  human  voice.  Under  ordinary  conditions,  in  the  prfKhu'tion 
of  low  notes  the  velum  [mlati  is  lixed  by  the  action  of  its  muscular  fibres,  so  tliat  there  is 
a  reverberation  of  the  bucco-pharyngcai  and  naso- pharyngeal  cavities;  that  is,  the  velmn  is 
in  such  a  position  that  neither  the  opening  into  the  nose  nor  into  the  montti  is  cloied,  and 
all  of  tlio  cavities  resound.  As  the  notes  are  raised,  the  isthmus  contracts,  the  part  imme- 
diately above  the  glottis  is  also  eonstrietod,  the  rej4ouant  cavity  of  the  pharynx  end  muntb 
is  reduced  in  size,  until  finally,  in  the  highest  notes  of  the  chest-register,  the  communicm- 
tion  between  tlie  pharynx  and  tlve  nasal  fossjo  is  closed,  jmd  the  sound  is  rei^nforccd 
entirely  by  the  pharynx  and  mouth.  At  the  same  time  the  tongue,  a  very  important 
organ  to  singers,  particularly  in  tlie  production  of  high  notes,  is  drawn  back  into  the 
mouth.  The  jK)int  being  curved  downward,  its  base  projects  upward  posteriorly  and 
assists  in  diminishing  the  capacity  of  the  cavity.  In  the  changes  which  the  pharynx  tlios 
undergoes  in  the  production  of  different  notes,  the  umla  acts  with  the  velum  and  assists 
in  die  closure  of  the  differeut  openings.  In  singing  up  the  scale,  this  is  the  mechanism, 
M  far  as  the  chest-notes  extend.  Wlien,  however,  we  pass  into  what  is  known  a*  the 
head-voice,  the  velum  palati  is  ilrawn  turwurd  instead  of  backward,  and  the  resooano^ 
takes  place  chiefly  in  the  naso-pbaryngeal  cavity. 

Mtrhaninm  of  the  difftrnit  Voml  Regiatcr^, — There  has  been  a  great  deal  of  discns- 
feion,  even  among  those  who  have  studied  the  voice  with  the  laryngoscope,  with  regard 
to  the  exact  mechanism  of  the  different  vocal  re^wsters.  It  is  now  pretty  well  setlltd 
how  the  ordinary  notes  *if  what  is  known  as  the  chest-register  are  produced  ;  but,  with 
regard  to  the  falsetto,  tlie  difliculties  in  the  way  of  direct  observation  wre  so  great,  that 
the  <]nestion  of  its  mechanisin  cannot  be  said  to  be  definitively  established. 

The  following  are  the  vocid  registers  now  recognized  by  most  i)hy biologists: 

1.  The  chest -register,  most  powerftil  in  male  voices  and  in  contraltos,  and,  indeed, 
almost  characteristic  of  the  male. 

2.  Tlie  falsetto  register,  which  is  the  most  natnral  voice  of  the  soj»rano ;  though  this 
voice  is  capable  of  chest-notes,  not  so  full,  however,  as  in  the  contralto  or  in  the  male. 
In  the  female  this  is  known  as  the  middle  register. 

8,  The  bead-re^dster,  produced  by  a  peculiar  action  of  the  glottis  and  the  rcj^onant 
cavities  almve  the  larynx.     This  is  cultivated  particularly  in  tenors  and  in  the  female. 

Aside  from  the  three  registers,  which  belong  to  every  voice,  a  practiced  ear  can  tlnd 
no  dltliculty  in  distinguishing  the  different  voices  in  nearly  any  part  i>f  the  scralo,  IhiUi  in 
the  male  and  the  female,  by  the  following  peculiarities:  In  the  bass,  the  low  notes  are 
ftill,  natural,  and  powerful,  and  the  higher  notes  nearly  al w.iys  seem  more  or  less  artifi^ 
oinl.  In  singings  tlie  passage  from  the  natural  to  the  artificial  Dotes  in  the  sc^ale  it)  g^n* 
crally  more  or  le^s  apparent.    In  the  tenor  the  full,  n.itural  notes  are  higher  in  the  »ical<j. 
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Iho  lower  notw  being  almost  nlwuys  feeble  and  wftnting  in  roundnesa,    Corr^^spondiug 
{»eciiltantie9  wiuble  us  to  Oistitij/uisvli  betwc^en  the  contralto  and  the  soprano, 

€he4t-kegiMtrr, — We  shall  jiimply  recapitulate  briefly  tbe  inei^hauistn  of  tin*  cheet- 
tiotes,  t'l  enable  us  to  study  more  eiisfily  the  transitions  to  tlie  differc-nt  upper  registers. 
T  '  voice  commfinly  used  in  spcjiking,  and  it  is  the  mcigt  natural,  tlie  vocal  liga- 

i, ,  ating  nccnrdint;  to  their  tension,  as  the  air  is  forced  throiiglj  tlie  larynx  from 

be  clie?*t,  and  the  air  in  the  pharyux^  mouth,  Jind  nasal  fot^Kai  prudueiiijj^  a  reMuuane© 
khput  any  artificial  division  of  the  ditferent  cavities.  X^  the  notes  are  elevated,  the 
Toeal  chords  are  simply  rendered  more  tense,  and  the  parts  above  the  larynx  are  more 
k^*  constricted,  without  anv  other  chaugo  in  the  niechauism  of  the  sound.  But  tho 
heBt-voice  in  the  male  cannot  pass  certain  well-detined  limits;  and  in  the  very  highest 
doles  it  must  be  merged  either  into  the  heati-voico  or  the  falsetto.  The  fjdsetto,  how- 
ever, is  now  but  little  cultivattxl,  althc»ugh  some  tenor  singers,  after  long  practice,  succeed 
in  making  the  cbnngo  from  one  register  to  the  other  so  nicely  thnt  it  is  hardly  i>erceptible, 
oven  to  a  cultivntod  ear.  'Hie  head-v«>ice  has  estK^^itiaUy  the  same  mecljunmm  iu  the 
male  as  in  the  feuitdc,  and  this  will  he  considered  after  we  have  discussed  tho  falsettOt 
which  is  the  natural  voice  of  soprano  singers* 

Fulseitif  Utifkt&r.^The  difference  of  opinion  among  laryngoscopista  with  regard  to 

the  mechanism  of  the  fabetto  is  probably  in  great  part  due  to  the  fact  that,  when  tliese 

noto*  are  prcxluced,  the  isthmus  of  the  fauces  is  so  powerfully  contraetcd  that  it  becomes 

ly  dilHrult  to  study  the  action  of  the  vocal  chords.     There  is  no  reason  for  sup- 

t  the  mechanism  of  this  register  does  not  involve  vibration  of  the  true  vocal 

Is  a*  in  the  chest-voice,  the  ditlerence  being  in  the  tension  and  in  the  extent  of  the 

it ing  portion.     According  to  the  observations  of  Fourui*^^  in  the  falsetto  tiie  tongue 

is  pressed  strongly  backward  and  the  epiglottis  is  forced  over  the  larynx,     Mrs.  Emma 

i^eiler,  from  an  extended  series  of  autolaryngoscopic  observations,  has  arrived  nt  the  con- 

Ansion  that  this  voice  involves  vibrations  of  the  fine,  thin  edges  of  the  chords  only,  a 

Xeater  widtli  vibrating  in  the  production  of  tho  chest-voice.     She  is  particularly  careful 

>  innist  upon  the  distinction  between  the  falsetto  and  the  bead -register,  the  latter  being 

reduced  by  an  entirely  different  mechanism.     On  the  whole,  thia  exidanatiun  seems  to 

the  most  satisfactory. 

U  must  be  remembered  that  the  distinction  between  the  chest-register  or  the  head- 
cgidter  and  the  falsetto,  as  far  as  pitch  is  concerned,  is  not  absolute.  Certain  of  the  high 
I  of  tho  ch<jst  or  the  head-voice,  for  example,  may  be  produced  in  the  falsetto.  In 
'the  cultivation  of  the  female  voice,  Mrs.  Seller  conb»«lers  that  it  is  exceedingly  important 
not  to  strain  the  che»t-voico  to  its  lughest  point,  but  to  use  each  register  in  its  normal 
in  the  scale,  taking  care,  by  practice,  to  render  the  tram^iition  from  one  to  the  other 
atural  and  agreeable,  Wc  have  heard  male  singers,  probal>Iy  endowed  with  peculiar 
vocal  powers  who  were  able,  by  tlie  use  of  the  falsetto,  to  imitate  almost  exactly  the 
*oprano  %*oicc,  thungh  without  the  sweetness  and  purity  of  tone  characteristic  of  the  per- 
fect female  organ.  In  tl«e  same  way,  by  straining  the  chest-voice  beyond  its  normal 
Uuut^,  sonic  fetualcs.  particularly  contraltos,  are  able  to  produce  a  very  good  imitation 
of  the  ton  or  quality. 

Ilead^ Beg isUK— This  voice  is  highly  cidtivated,  particularly  in  tenors  and  in  the  best 
ftrm.ite  dingers.  It  is  not  to  be  confounded,  however,  with  the  falsetto,  as  was  done  by 
*ofne  phv-  hcf<»rc  the  invention  of  the  laryngoscope.     Head-notes  may  be  pro- 

iloretl  by  •  riiale  jiingers,  ba«5H  and  barytone,  as  well  as  tenor;  but  the  former 

-ihbun  have  (M'ca>non  for  any  but  tho  chest-notes.  Still,  there  are  musical  passages  in 
which  the  Mtto-toee  head-notes  of  the  bass  have  an  exquisite  softness  and  arc  nsc<l  with 
grwit  effect.  Wo  l*ava  already  stated  that,  in  the  transition  to  the  head-voice,  the  velum 
pillntl  \%  applied  to  the  base  of  the  tongue,  and  the  sotmd  is  reenforccd  by  resonance 
flncim  tlic  mLsi>pharrngeal  cavity.  If  this  be  its  mechanism,  its  study  with  the  laryngo- 
•OOrp^  must  be  exceedingly  difficult. 
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Tbe  moft  important  theory  of  the  mecbanism  of  the  head-vaic©  has  been  proposed  hy 
Mrs.  Seller.  After  long  and  patient  effort^  ^he  was  able  to  expose  the  glottis  during  iht 
production  of  these  notes,  «  hen  it  was  found  that  the  vocal  churds  were  firmly  approxi- 
mated posteriorly,  leaving  an  oval  opening,  with  vibrating  edges,  involving  only  one-half 
or  one-third  of  the  vocal  ligamenta.  This  orifice  contracted  progressively  with  the  higher 
notes.  This  peculiar  division  of  tlje  vocal  ligaments  is  due^  according  to  Mrs.  Seller,  ta 
the  action  of  a  muscular  bundle^  called  tbe  internal  thyn>arytenoid,  u[>on  little  cartilages 
(the  cuneiformj  extending  forward  from  the  arytenoid  cartilage,  in  the  substance  of  Uie 
vocrJ  ligaments,  as  far  as  the  middle  of  the  gtottia. 

With  proper  cultivation,  the  transition  from  the  middle  register  to  the  head-voice  in 
the  female  may  be  effected  almost  imperceptibly/ tberefy  increasing  the  compass  firom 
three  to  six  notes,  and  even  more ;  and  in  the  male  tbe  same  may  be  accomplished  with* 
out  difficulty,  particularly  in  tenors.  There  can  be  hiirdly  any  doubt  of  tbe  fact  that  the 
naso-pharyngeal  space  is  chiefiy  concerned  in  the  resonauce  that  takes  place  in  head* 
notes,  though  its  actual  demonstration  is  very  difficult.  The  distinction  between  the 
head  and  the  chest  notes  is  fully  as  marked  in  the  male  as  in  the  female;  but  it  must  be 
remembered  that  one  of  the  great  ends  to  be  accomplished  in  tbe  cultivation  of  the  human 
Toice  is  to  make  the  three  registers  pass  Into  each  other  ao  that  they  ahall  appear  aa  one. 

Mechanism  of  Speech, 

Articulate  laogna^  consists  in  a  conventional  aeries  of  Bounds  made  for  the  porpoee 
0f  conveying  certain  ideas.  There  being  no  universal  language,  we  must  confine  our 
dfiicription  of  the  faculty  of  speech  to  the  mode  of  iiroduction  of  the  language  in  which 
this  work  is  written.  Language,  as  it  is  naturally  acquired,  is  purely  imitative  and  does 
not  involve  of  necessity  the  construction  of  an  alt»babet,  with  its  con»binatj<»n8  into 
syUablcf),  words,  and  M^ntences ;  but,  as  civilization  has  advanced,  we  have  lK*en  taixg^t 
to  associate  certain  differences  in  the  accuracy  and  elegance  with  which  ideas  ar^ 
expressed,  with  the  degree  of  development  and  cultivation  of  tbe  intellectual  facnltiea. 
Philolo^sts  have  long  since  established  a  certain  standard— varying,  to  some  extent,  it  ia 
true,  with  usage  and  tbe  advance  of  knowledge,  but  still  sufficiently  detinile — by  which 
the  correctness  of  mtxles  of  expression  is  measured.  We  do  not  propose  to  discuss  the 
science  of  language,  or  to  consider,  in  this  connection,  at  loast,  the  peculiar  mental  opera- 
tions concerned  in  the  expression  of  ideas,  but  to  take  our  own  tongue  as  we  find  it,  and 
describe  briefly  the  mechanism  of  the  production  of  the  most  important  articulate  sounda. 

Almost  every  language  is  imperfect,  as  far  as  an  exact  correspondence  between  Sta 
sounds  and  written  cliaracters  is  concerned.  Our  own  language  is  full  of  inmngmillM 
in  spelling,  snch  as  silent  letters  and  arbitrary  and  unmeaning  variations  in  pronuncia- 
tion ;  but  these  do  not  belong  to  tbe  subject  of  physiology.  There  are,  however,  certain 
natural  divisions  of  the  sounds  as  expressed  by  the  letters  of  the  alphabet. 

VoweU. — Certain  articulate  sounds  are  called  vowel,  or  vocal,  from  the  fact  that  tijcy 
are  produced  by  the  vocal  chords  and  are  but  slightly  mcKlified  as  they  pass  out  of  the 
mouth.  Tlie  true  vowtds,  a,  e,,  t,  o,  w,  can  all  be  sounded  alone  and  may  be  prolonged 
in  expiration.  These  are  the  sounds  chiefly  employed  in  singing.  The  ditferencea  In 
their  character*  are  produced  by  changes  in  the  position  of  the  tongue,  mouth,  and  lipa. 
The  vowel -sounds  are  necessary  to  the  formation  of  a  syllable,  and,  nlthougli  Ibey  are 
generally  luoditied  in  speech  by  consonants,  each  one  may,  of  itself,  form  a  syllable  or  a 
word.  In  the  oonstrnction  of  syllables  and  words,  the  vowels  have  many  ditferent  (jooli* 
tias,  the  chief  ilifierences  being  as  they  are  made  long  or  short.  In  addition  to  the  modi- 
fications in  the  vowel-sounds  by  consonants,  two  or  three  may  be  combined  so  as  to  be 
pronounced  by  a  single  vocal  effort,  when  they  are  called  respectively,  diphthongs  and 
triphthongs.    In  the  proper  diphthongs,  as  ou  in  voice,  the  two  vowele  are  sounded.    In 
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tho  iinpro[>cr  diphthongs,  as  ea,  in  beat,  and  in  the  Latin  diphthongs,  u»  d*,  in  OsDsar,  one 
of  the  vowels  is  silent.  In  triphthongs,  as  mtiy  in  heaut^,  only  one  vowel  is  sounded. 
Fi  at  tJie  iK^ginnlng  of  words,  is  nsuoUy  pronounced  an  a  consonant;  hut  in  utlii?r  situa* 
lions  it  is  pronounced  as  e  or  i. 

A  very  curious  iind  interesting  inqniry  relates  to  tho  differences,  with  which  we  are 

familiar,,  in  tlie  quality  of  the  different  vuwel-sounds  when  pronounced  with  equal 
pUch  and  inlensiiy.  The  cause  of  these  differences  was  studied  very  doseJy  in  the  hitter 
part  of  Uie  last  centnry,  hut  it  has  lately  been  rendered  very  clear  by  the  elaborate  and 
ooiiTincing  rehearchee  of  Ilelmholtz.  In  this  connection,  it  will  be  auSicient  to  indi- 
CAto  the  results  of  modern  investigations  very  briefly.  When  we  come  to  study  the 
phjaics  of  sound  in  connection  with  the  sense  of  hearing,  we  shall  see  that  nearly  all 
lind?i,  even  when  produced  by  a  single  vibrating  body,  are  compound.     IlelndjoUz,  by 

OS  of  his  resonators,  has  succeeded  in  analyzing  ihe  apparently  simple  sounds  into  dif- 
fbrent  component  parts,  and  he  has  shown  that  the  quality  of  such  sounds  may  be  modified 
bj  reenforcing  certain  of  the  overtones,  as  they  are  called,  such  as  the  third,  filth,  or 
oetATe.  For  those  who  are  famtliiir  with  the  ]»hysics  of  sound,  the  explanation  widch  we 
•hall  give  of  the  mechanism  of  the  production  of  vowel -sounds  will  be  readily  compre- 
bailable.  Tlie  reader  h  referred,  however,  to  onr  remarks  upon  overtones  in  another  part 
«if  this  work^  under  the  head  of  audition,  for  a  more  thorough  exposition  of  thi^  subject. 
This  should  be  r^ad  in  connection  w  ith  what  wo  shall  say  hero  of  vowel-sounds,  when 
the  whole  subject  will  be  sutficit^ntly  clear.  We  may  pronounce  the  different  vowel* 
•irtinds  with  the  same  pitch  and  intensity,  but  the  sound  in  each  is  different,  on  account 
of  variations  in  the  resonant  cavities  of  the  accessory  vocal  organs,  especially  the  mouth. 
lihas  been  ascertained  experimentally  that  the  overtones  in  each  instance  are  different, 
M  ibey  are  rcenforced  by  the  nbrations  of  air  in  the  accessory  vocal  organs,  in  aome 
tastonced  tho  third,  in  others,  the  tifth,  etc.,  being  increased  in  intensity.  W^e  cannot 
ffluiirate  this  better  tlian  by  the  following  quotation  from  TyndaU,  in  which  modern 
ehe0  have  been  applied  to  tho  vowel-sounds  of  our  own  language : 

'  For  the  production  of  the  sound  U  (o  o  in  hoop),  T  must  push  nny  lips  forward  bo  as 

to  ipjdce  tho  cavity  of  tlie  mouth  as  deep  as  possible,  at  the  same  tiroe  making  the  orifice 
of  lli«  month  srofdl.  This  arrangement  corresponds  to  the  deepest  resonance  of  which 
tbo  tBooth  ia  capable.  The  fundamental  tone  of  the  vocal  chords  is  here  reinforced ^  while 
the  higher  tones  are  thrown  into  the  shade.  The  CTia  rendered  a  little  more  perfect 
when  A  feeble  third  tone  is  added  to  the  fundamental. 

**Tbe  vowel  0  is  pronounced  when  the  mouth  is  so  far  opened  that  the  fimdamental 
looa  IS  accompanied  by  its  strong  higher  octave.  A  very  feeble  accompaniment  of  the 
tlilrd  and  fourth  is  advant^igeous,  but  not  necessary. 

"  The  vowel  A  derives  its  character  from  the  third  tone,  to  strengthen  which  by 
hsfton&nee  the  orifice  of  the  mouth  must  be  wider,  and  the  volume  of  air  within  it  smaller 
than  in  the  last  instance.  The  second  tone  ouglit  to  be  added  in  moderate  strength,  whilst 
Weak  fourth  and  fifth  tones  may  also  be  included  with  advantiige. 

^•To  produce  JS'the  fundamental  tone  must  be  weak,  the  second  tone  comparatively 
•trong,  tho  third  very  feeble,  but  the  fourtli,  wrbicb  is  characteristic  of  this  vowel,  must 
I  Intense.     A  moderate  firth  tone  may  be  added.     No  essential  change,  hoivever,  occurs 

Uie  character  of  tho  sound  when  the  third  and  fifth  tone#«  are  omitted.  In  order  to 
«iilt  tbo  higher  tones  which  characterize  the  vowel-aound  E^  tlie  resonant  cavity  of  the 
month  must  be  small. 

"Ill  tlie  production  of  the  sound  ah  I  the  higher  overtones  come  principally  into 
plsy;  the  second  tone  may  be  entirely  noghicted ;  the  third  rendered  feebly  ;  the  higher 
Dea,  particularly  the  fifth  and  seventh,  being  added  strongly. 

**Theeo  examples  sufficiently  illustrate  the  subject  of  vowel-sounds.     We  may  blend 
ia  various  wayi?  the  elementary  tints  of  the  solar  spectrum,  prmlucing  innumerable  com* 
pQitto  eolors  by  their  admixture.     Out  of  violet  and  red  we  produce  purple,  and  out  of 
3tf 
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yellow  and  bine  we  prod  ace  white.  Thus  also  may  elementary  sounds  be  blended  so  as 
to  produce  all  possible  varieties  of  clang-tint.  After  having  resolved  the  human  voice 
mto  its  constituent  tones,  Helmholtz  was  able  to  imitate  these  tones  by  tuning-forks,  and, 
by  combining  them  appropriately  together,  to  produce  the  clang-tints  of  all  the  vowels." 

Consonanti. — Some  of  the  consonants  have  no  sound  in  themselves  and  serve  merely  to 
modify  vowel-sounds.  These  are  called  mutes.  They  are  J,  d^  ifc,  /?,  t,  and  e  and  g  hard. 
Their  oflSce  in  the  formation  of  syllables  is  sufficiently  appareot. 

The  consonants  known  as  semivowels  are,  /,  I,  m,  n,  r,  «,  and  c  and  g  soft.  These 
have  an  imperfect  sound  of  themselves,  approaching  in  character  the  true  vowel-sounds. 
Some  of  these,  I,  m^  n,  and  r,  from  the  facility  with  which  they  flow  into  other  soxmds, 
are  called  liquids.  Orthoepists  have  farther  divided  the  consonants  with  reference  to  the 
mechanism  of  their  pronunciation :  d^  j,  8,  t^  s,  and  g  soft,  being  pronounced  with  the 
tongue  against  the  teeth,  are  called  dentals;  d^  g^j,  Jc^  I,  t?,  and  q  are  called  palatals;  by 
Pyf,  V,  and  m  are  called  labials ;  tn,  rz,  and  ng  are  called  nasals;  and  Jc,  q^  and  e  and  g 
hard  are  called  gutturals.  After  tlie  description  we  have  given  of  the  voice,  it  is  not 
necessary  to  discuss  farther  the  mechanism  of  these  simple  acts  of  articulation. 

For  the  easy  and  proper  production  of  articulate  sounds,  absolute  integrity  of  the 
mouth,  teeth,  lips,  tongue,  and  palate  is  required.  We  are  all  acquainted  with  the  modi- 
fications in  articulation,  in  persons  in  whom  the  nasal  cavities  resound  unnaturally,  from 
imperfection  of  the  palate ;  and  the  slight  peculiarities  observed  after  loss  of  the  teeth 
and  in  hare-lip  are  sufficiently  familiar.  The  tongue  is  generally  regarded,  also,  as  an 
important  organ  of  speech,  and  this  is  the  fact  in  the  great  m^ority  of  cases;  but 
instances  are  on  record  in  whicli  distinct  articulation  has  been  preserved  after  complete 
destruction  of  this  organ.  These  cases,  however,  are  unusual,  and  they  do  not  invalidate 
the  great  importance  of  the  tongue  in  ordinary  speech. 

It  is  thus  seen  that  speech  consists  essentially  in  a  modification  of  the  vocal  sounds 
by  the  accessory  organs,  or  by  parts  situated  above  the  larynx ;  the  latter  being  the  true 
vocal  instrument.  AVhilo  the  peculiarities  of  pronunciation  in  different  persons  and  the 
difficulty  of  acquiring  foreign  languages  after  the  habits  of  speech  have  been  formed  show 
that  the  organs  of  articulation  must  perform  their  function  witli  great  accuracy,  their 
movements  are  simple,  and  they  vary  with  the  peculiarities  of  different  languages.  The 
most  interesting  question,  in  its  general  physiological  relations,  is  that  to  which  a  great 
part  of  this  chapter  has  been  devoted ;  and  that  is  the  mechanism  of  the  production  of 
the  voice. 


«Ttle«  of  lli«  lurre*— NervaUB  IrHtahltitjf — TMrr4'M'nt  miNiDi  employod  for  ojioiUTiir  tli«  T»i-rr<»*—l «!«•(«[ i«»r»no*»  «f 

tbe  IftttabUlty  of  tho  motor  ni  I  iter  exaoclJoa— Nt^rvefori  •  nin— 

I  of  th*?  dtimtioD  I  '  riLTVtvct'urrvii — Action  of  lua'd 

«i«walar  c^ifttitrtloa— tJaJvaiiic  turj .  ui  .1  -«.,  ..,,:  tLjiterlot*  t*i  Ibi"  fut  «urf)io<Li  j.  .-  .... ,,      i....- ..     .  - ^, — i  tfil- 

viakf  otirrrnt  upon  the  aorvoua  inttaWUly— Electrotouui^  aoctoct/gtoouti  and  cit^tectrotonuA— Xoutml  ^oliitF— 

TiiK  D«frvoQs  fijstem  ia  anatomicallj  distinct  in  all  RniinaJs  except  those  lowest  in  the 
tQd»  of  being.     It  is  nsek^  to  sp^cuiato  upon  the  queattoa  of  the  existence  of  matter 
etl  with  propi3rti€9  analo^fous  to  thoao  ol>»ervtHl  in  tiie  nervons  systera  of  the*  higher 
,  in  beings  m  \o\x  in  their  organtjiation  as  to  [iresent  do  divisioriB  into  finutoniical 
eiueutg;  for  tbo  present  contlition  of  physiological  science  dt>e8  not  admit  of  the  recof^- 
ailiun  of  fanctions  without  orarnns.     All  animals  that  prudent  any  thinj^  like  nervous 
fonetions  pre?<4!nt  al»u  >m  anaiotnienlly  distinct  norvuus  fly,«teni.     Within  certain  limit^s 
perfectiun  (;f  the  aninud  organization  depends  upon  tlie  general  development  of  the 
roU5  system- 
High  in  the  animal  scale,  as  in  the  warm-blooded  animals,  tbo  general  development  of 
tbv  nervoQs  system  presents  little  if  any  variation ;  hnt  special  attributes  are  coexistent 
tritli  the  development  of  special  organs.     The  development  in  this  way  of  particnlar  por- 
tfom  of  the  nervoas  system  is  in  accordance  with  the  peculiar  conditions  of  existence  of 
diflretrent  animals ;  it  is  a  necessary  part  of  their  organization,  and  is  not  dependent  upon 
education  or  intelligence.     Examples  of  this  are  in  the  extraordinary  development  of  the 
««fi8e  of  sight,  beariog,  or  etmellf  in  ditferent  animals.     There  are  animals  in  which  these 
■pectal  senses  possess  a  delicacy  of  percoptiun  to  which  man,  even  with  the  greatest 
amount  of  intelligent  edncation,  can  never  attain ;  but  man,  possessing  a  nervoas  organi- 
utlun  not  snperior  to  that  of  other  warm-bbx>ded  animals  in  its  general  development, 
Will  inferior  to  many  in  the  development  of  special  organs,  stands  immeasurably  above 
by  virtue  of  the  immense  preponderance  of  what  is  known  as  the 
a  of  the  nervona  system. 
Tin:?c  brief  general  considerations  will  convey  some  idea  of  the  physiological  impor- 
Unce  of  the  nervous  system ;  of  the  care  which  should  be  exercised  in  its  study;  and  of 
^^it  i^reiit  interest  attached  to  it,  from  the  fact  that  the  most  complex  and  important  of 
it!  functions  belong  to  human  physiology,  and  to  human  physiology  alone. 

We  can  best  define  what  is  to  be  included  under  the  head  of  the  nervous  system,  by 

citing  certain  of  its  prominent  and  well-estabUshed  properties  and  functions: 

b  The  nervous  system  is  anatomically  and  physiologically  distinct  from  all  other  sys- 

iu  the  body.    It  receives  impressions  made  upon  the  terminal  branchea  of 

n  and  it  conveys  stimulus  to  parts,  determining  and  regulating  the  opera- 

^'"»i  of  thoir  functions ;  but  its  physiological  properties  are  inherent,  and  it  ^ves  to  no 
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tisfiue  or  organ  its  special  '*  irritflliiltty  "  or  the  power  of  perforraiog  its  particolBr  ftmc 
tion. 

2,  Tho  nervous  system  connects  into  a  co6r<3inated  organism  all  part*  and  organi  of | 
tbe  body.     It  h  the  mediuD^  through  which  all  impressions  are  rect'ivt.*d.     It  aniraatcl 
or  regulates  all  movements^  voluntary  and  involuntary.     It  regubtes  tli©  AmcUoDS  o(\ 
secretion,  nutrition,  caioritication,  and  all  the  processes  of  organic  life. 

!n  addition  to  its  functions  as  a  medium  of  conduction  and  communication,  the  nerJ 
vons  system,  iu  certain  of  its  parts,  is  capable  of  receiving  impressions  and  of  generating 
a  stimulating  influence,  or  force,  peculiar  to  itself.  As  there  can  he  no  pbysiologicall 
connection  or  coordination  of  diti'ercnt  parts  of  the  organism^  having  an  active  functional 
without  nerves,  there  can  be  no  unconscious  reception  of  impressions  giving  rise  to  invol  J 
nntary  movements,  no  appreciation  of  impressions^  general^  as  in  ordinary  tH.«nsation,  of  I 
BpeciaJ,  as  in  sight,  smell,  taste,  or  hearing,  no  inatinct,  volition,  thou^dit,  or  even  know  1-1 
edge  of  existence,  without  nerve-centres. 

Possessing,  as  it  does,  these  varied  properties  and  functions,  ir.  is  evidently  of  the 
greatest  physiological  importance  that  the  anatomical  characters  of  the  nervom  eyi- 
tem  should  be  most  carefully  studied,  with  a  view  of  connecting,  if  possible,  certain  of 
the  nervous  properties  with  jteculiarities  in  structure.  It  is  also  important  tosnbdif'ide 
the  system,  as  regards  geueral  i*ropertios  and  functions,  as  well  as  witli  reference  to  the 
special  otBce  of  particular  parts.  With  this  end  in  view,  we  shall  point  out  first,  Ihir 
great  auatomico-physiologieal  divisions  common  to  nervous  matter  wherever  it  exidtd, 
and  allurward,  the  ^subdivisions  of  the  system  as  regards  special  functions. 


Divisions  of  the  Nervous  Si/sUm. 

Nervous  matter,  whatever  may  be  its  special  Amctton,  presents  two  great  divi^ons^ 
each  With  distinct  anatomicxd  as  well  as  physiological  differences.  One  of  these  divisions 
presents  the  form  of  fibres  or  tubes.  This  kind  of  nervous  matter  is  incapable  of  gener- 
nting  a  force  or  stimulus,  and  it  serves  only  as  a  conductor.  l*he  other  division  is  in  th< 
form  of  cells,  and  this  kind  of  nervous  matter  alone  is  capable  of  generating  the  so-cjiUi? 
nervous  force* 

The  nervous  matter  is  divided  into  two  great  systems,  as  follows : 

1.  The  cerebro-spinal  eysteiii,  composiid  of  the  brain  and  **pinal  cord  with  the  nerv< 
directly  connected  with  these  centres.     This  system  is  specially  connected  with  the  fun.* 
tions  of  relation,  or  of  animal  life*     The  centres  preside  over  general  sensation,  the  sp 
cial  senses,  voluntary  and  some  involuntary  movements,  intellection,  and,  in  sliort, 
of  the  functions  that  characterize  the  animal.     The  nerves  serve  as  the  conductiirs 
impressions  known  as  general  or  special  sensations,  and  of  the  stimulus  that  givee  rSie 
volunt^iry  and  certain  involuntary  movements,  the  latter  being  the  autumatic  movemei 
connected  with  animal  life. 

2.  Tlje  sympathetic,  or  organic  system.  Tliis  system  is  speciolly  connected  ^ 
functions  relating  to  nutntion,  operations  which  have  their  analogue  in  the  \^ 
kingdom  and  are  sometimes  called  the  fnnctions  of  vegetative  life.  Althougl»  this  f*ji  ^^ 
tern  presides  over  functions  entirely  distinct  from  those  characteristic  of  and  j^ecullar  *♦* 
animals,  the  centres  of  this  system  all  have  an  anatomical  and  physiological  connectic^^ 
with  the  cerebro-spinal  nerves. 

The  cerebro-spinal  system  is  subdivided  into  centre«8  presiding  aver  movooienla 
ordinary  sensation,  and  centres  capable  of  receiving  impressions  connected  with  tlic  spe 
senses,  sudt  as  sight,  audition,  olfaction,  and  gustation.     The  nerves  which  receive  the 
special  impressions  and  convey  them  to  the  appropriate  centres  arc  more  or  loss  in* 
aible  to  ordinary  impressions.     The  organs  to  which  these  special  nerves  are  distribtiti^^ 
arc  generally  of  »  complex  and  pecdliar  fftructure,  and  they  present  numerous  accea 
parts  which  are  important  and  essential  in  the  transmission  of  the  special  impres^ionfl 
the  terminal  bninches  of  the  nerves. 
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In  trcatmg  of  tlie  nenrous  ^Tstem,  we  sliall  consider  fir»t  the  physiological  atmtomy 
of  tin*  nervona  tissoe;  next^  the  general  properties  of  the  eerebro-spinal  ey^tein  ;  next, 
tbe  fuiM?ticjD8  of  ditferent  portions  of  this  system  connected  with  motion^  ordinary  sensi- 
bilitj,  intellectfon^  et<:»* ;  next,  the  functions  of  tho  syrnpathelic,  or  organic  evstem  of 
nctfvtjg ;  and  finally^  the  special  senses^  with  the  physiological  anatomy  and  tuechantsm 
of  the  aoctNisory  parts. 

Physiological  Anaiomy  of  the  Ntrvotts  Tiestie^ 

The  physiologicfd  anatomy  of  the  nervona  system  naturally  divides  itself  into  two 
[i>;  one  embracing  what  is  called  the  general  anatomy  of  the  nervous  tissue,  and 
of,  the  arrangement  of  this  tissue  in  special  organs,  as  far  as  this  is  connected 
^i  iiii  their  fimctions. 

The  intimate  structure  of  the  different  portions  of  the  nervous  system  may  now  he 
regarded  as  tolerably  well  understood,  at  least  so  far  as  those  anatomical  points  bearing 
upon  physiology  are  concerned.  The  connection  between  the  nerve-cells  and  the  fibres 
tod  the  modes  of  termination  of  the  motor  tilanients  in  the  muscles  are  points  nearly  if 
Hot  iiuito  settled ;  and  the  terminations  of  sensory  filaments  in  integument  and  mucous 
©etfibranes  have  lat*,dy  been  investigated  very  thoroughly  and  with  quite  positive  and 
misfactory  results.  These  anatomical  points  are  specially  counected  with  the  general 
properties  of  the  nervous  system,  both  as  a  generator  of  tlie  so-called  nerve-force  and  aa 
t  ccmd  actor. 

The  arrangement  of  the  nervous  elements  in  special  organs,  aa  in  the  hrain  and  spinal 
conl,  haa  not  been  so  successfully  in\  estii^atod  and  [Freseuts  immense  diliiculties  in  its 
«ady ;  and  we  can  hardly  hope  to  acquire  any  thing  hke  a  defiaite  and  thorough  knowl- 
«dfe  of  the  functions  of  these  parts,  until  we  have  much  more  positive  information  con- 
eoruin}^  their  anatoinical  characters. 

Anatomical  DlvmoriM  of  the  Kertons   TtMue, — The  physiological   division  of  the 

ii^rtoae  system  into  nerves  and  nerre-ctntres  is  pretty  well  carried  out  as  regards  the 

itomicjil  structure  of  these  parts,    Tlio  two  great  divisions  of  the  sTstem,  anatomically 

lidered,  are  into  nerve-cells  and  nerve-fibrea. 

Tlie  nerve-cells,  as  far  as  we  know,  are  the  only  parts  capable,  under  any  circam- 

^tjmctjs,  of  i^'enerating  tbe  ne rve- force ;  and,  aa  a  rule,  they  cannot  receive  impressions 

in  my  other  way  than  through  the  nerve-fibres.     There  are,  how*ever,  some  exceptiona, 

either  apparent  or  real,  to  this  rule,  as  in  the  case  of  direct  irritation  of  the  ganglion  of 

*b  tuber  annulare,  portions  of  the  cerebrum,  and  the  sympatlietie  ganglia^  which  seem 

able  to  direct  irritation  ;  but  the  cells  of  moat  of  the  jj^anglla  behm^'ing  to  the  great 

Pfe^l»rc>-«piTinl  nxis  are  insensible  to  direct  stimulation  and  can  only  receive  impretjsions 

1  f      '  .  m  by  the  nerves, 

I       I,  res  act  only  as  conductors  and  arc  incapable  of  generating  nerve-force. 

Tht'rc  15  no  exception  to  this  rule,  but  there  are  diflerences  in  the  propertits  of  certain 

SbrwL    lire  nerves  generally,  for  example,  receive  direct  impressions,  the  motor  fila- 

it«  conducting  these  to  the  muscles  and  the  sensory  filaments  conveying  the  impres- 

A  to  lh«  centres.    These  fibres  also  conduct  the  force  generated  by  the  nerve-centres. 

ftwl  there  are  many  fibres,  such  as  those  composing  the  white  matter  of  tlse  encephalon 

the  s[iinal  cord^  that  are  insensible  to  direct  irritation,  while  they  convey  to  the 

rre«  impressiiins  made  by  the  sensitive  nerves  and  conduct  to  the  motor  nerves  the 

1. jr at ed  by  nerve-cells. 

''  of  the  ^^erre«. — There  arc  few  anatomical  elements  that  present  greater 

Variations  in  size  and  appearance  than  the  nerve-fibres.     Certain  fibres  found  in  the 

^wjwe  of  the  ner\'e3  between  the  muscles  are  aa  large  as  -^A^  ^^  ^^  inch,  have  dark 

Wrders,  and  possess  three  well-marked  structures,  viz.,  a  tubular  membrane,  medullary 

iV^  and  an  axial  band  ;  others,  with  the  same  stnictnre,  are  only  ^^j  (tot  ^^  ^^  inch 
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in  diameter ;  others  have  only  the  mediillarj  covering  and  tlie  axial  band ;  and  otliers 

present  the  axitil  band  alone.  Most  of  these  anatomical  elements  have  essentially  the 
same  physiological  conducting  properties;  the  variations  in  their  slructur**  depending 
npon  dltterences  in  their  aDtitomicfil  relations.  In  view  of  these  fiftota,  it  will  be  con- 
venient to  adopt  some  anatomical  clos^ification  of  tbo  fibres. 

In  the  most  simple  chisaification  of  the  nerve-fibrea,  they  are  divided  into  two  ^onpa; 
one  erabracing  those  fibres  which  have  the  conducting  element  alone,  and  the  other  pre- 
senting this  element  surrounded  by  certain  accessory  structures.  In  the  coarse  of  tbe 
nervei,  the  simple  fibres  are  the  exception,  and  the  other  variety  is  the  rule ;  but,  as  the 
nerves  are  followed  to  their  terminations  in  muscles  or  sensitive  parts,  or  are  traced  to 
their  origin  in  the  nerve-centres,  we  find  that  they  lose  one  or  anotber  of  their  adven- 
titious elements.  These  two  varieties  we  shall  term:  1.  The  medolkted  fibres,  and  2, 
The  simple,  or  non-medullated  fibres. 

Medullated  Ntrte-Jthrei, — These  fibres  are  so  called  by  French  and  German  writers 
because,  in  addition  to  the  axls-cyrmder^  or  conducting  element,  tliey  contain,  encloficd 
in  a  tubular  abeath^  a  soft  substance  called  the  medulla.  This  substance  is  strongly 
refractive  and  gives  the  nerves  a  peculiar  appearance  under  the  nucroscope^  from  which 
they  are  sometimes  called  the  dark-bordered  nerve-fibres.  As  the  whole  substance  of 
the  fibre  is  enclosed  in  a  tubular  raeiubraiie,  tliese  arc  frequently  spoken  of  as  nerve* 
tubes. 

If  the  nerves  be  examined  while  perfectly  fresh  and  unchanged,  their  anatomical  ele- 
ments appear  in  the  form  of  simple  fibres  with  strongly-accentuated  borders.  The  dianoe- 
ter  of  these  fibres  is  from  ^jVtt  ^^  rrVt^  ^^  ^^  inch.  To  observe  the  fibres  in  this  way,  it  Is 
necessary  to  take  a  nerve  from  an  animal  just  killed  and  eicamine  it  without  delay.  In  a 
very  short  time^  the  borders  become  darker  and  the  fibre  assumes  an  entirely  different 
appearance.  By  the  use  of  certain  reagents,  it  can  be  demonstrated  tliut  a  Riedullatcd 
nerve-fibre  is  composed  of  three  distinct  portions ;  viz.,  a  homogeneous  aheath,  a  semi* 
fiuid  matter  contained  in  the  sbeath,  and  a  delicate  central  band. 

The  tubuhir  sheath  of  the  nerve-fibres  is  a  8<:>mewhat  elastic,  homogeneous  membrane, 
never  striated  or  fibriUated,  and  presienting  generally  oval  nuclei,  with  their  long  diome* 
ter  in  the  direction  of  the  tube.  This  is  sometimes  called  the  neurilemma^  a  name^  [lotr* 
ever,  which  is  more  generally  applied  to  another  membrane.  It  is  sometimes  spoken  of, 
also,  as  the  ** limiting  membrane  of  Valentin,^'  or  "the  sheath  of  Schwann/^  In  lU 
chemical  and  general  firoperties,  thisi  membrane  resembles  the  sarcolemma,  although  it  i** 
less  elastic  and  rCvSi^Kting.  It  exists  in  all  the  medullated  nerve-fibres,  large  and  small, 
except  those  in  the  white  portions  of  the  encephalon  and  spinal  cord.  It  is  not  certain 
that  it  dues  not  exist  in  tlie  small,  non-medullaled  fibres,  although  its  presence  her«  has 
never  been  aatisfactorily  demoiistruted.  As  we  before  remarked,  the  tubular  membrane 
oannot  be  seen  in  the  perfectly  fresh  nerves ;  and,  even  after  they  have  become  changtHl 
by  desiccation,  its  detnonsti-ution  requires  the  use  of  reagents.  In  the  ordinary  mednl- 
lated  fibres,  however,  it  may  be  isolated  by  boiling  the  nerve  in  absolute  alcohtd  and  thta 
In  acetic  acid,  or  by  treating  it  with  cold  caustic  soda.  By  then  boiling  the  nerve  for  an 
instant  in  the  caustic  soda,  fragments  of  tlie  tnbe  may  be  i?*olato<l»  when  they  rescmhio 
the  membrane  forming  the  canals  of  the  kidney.  Another  method  is  to  treat  the  oervir 
witlt  fuming  mtric  acid,  afterward  adding  a  solution  of  caustic  potash.  The  fatty  toli- 
atance  is  then  discharged  in  small  drops,  the  central  band  is  dissolved,  and  the  em|iljr 
sheath  is  seen,  swollen  and  tinged  with  yellow. 

The  medullary  substance  fills  the  tube  and  surrounds  the  central  hand.  Tliis  is  called 
by  various  names,  as  myelinc,  white  substance  of  Schwann,  medullary  sheath,  nt*r%oiis 
medulla,  etc.    It  does  not  exist  either  at  the  origin  of  the  nerves  in  the  gr  neo 

of  the  nerve-centres  or  at  the  peripheral  termination  of  the  nerves,  and  it  is  |  ni.ft 

an  essential  conducting  element.     When  the  nerves  are  pertectly  fre*ih,  this  subsrnr-     i 
transparent,  homogeneous,  and  strongly  refracting,  like  oil;  l^'f   ri**  tlir  tu-j'm*.  1h 
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bj  desiccation^  the  suction  of  water^  acetic  acid,  and  various  other  reagent®,  it 

niatt*3  into  iin  opi^iue,  granular  iiiabs.    The  consiatence  of  tliia  substance  gives  to  the 

^nUateU  fihrt^s  a  very  peculiar  ai^poarance.     The  tubular  membrane  being  very  thin 

and  not  elastic,  the  white  substance,  by  very  slight  preaunre,  b  niado  to  till  the  tubes 

rrcr^alarly,  giving  them  a  varicose  appearance,  which  is  entirely  characteristic.     In 

xummifig  a  preparation  of  the  nervous  tissue,  large  drops,  coagulated  in  irregukr  shapes, 

I  seen  scattered  over  the  field  and  frequently  fringing  the  divided  end«  of  the  tube*. 

In  the  white  substance  of  the  etieephalon  and  spinal  cord,  where  the  tubular  membrane 

%  the  varicose  appearance  of  tiie  dbrea  is  more  remarkable  than  in  any  other 

lije  Axia*cylinder  is,  in  all  probability,  the  essential  anatomical  element  of  the  n<  rv^  ^. 
It  ejLlsts  in  all  the  nerves  except  in  those  termed  gelatinous  nbrea,  or  fibres  of  Remnk, 
rhich  will  he  described  hereafter.     In  the  ordinary  meduUated  fibres,  the  axis-cylinder 
rfeftnnot  bo  *oon  in  the  natural  condition  of  the  tissue,  because  it  refracts  in  the  same 
manner  as  the  medullary  substance,  and  it  cannot  be  demonstrated  afterward,  on  account 
^jfff  the  ijpacity  of  the  coagulated  matter.    If  i\  fresh  nerve,  however,  be  treated  with 
rong  acetic  acid,  the  divided  ends  of  the  fihrea  wilt  retract,  leaving  the  aJtis-cylinder, 
rhir'h  is  but  slightly  affected  by  reagents.     It  then  presents  itself  in  the  form  of  a  pale» 
ghtly 'flattened  band,  with  outlines  tderai»ly  regular,  though  slightly  varicose  at  inter- 
[Huewhat  granular,  and  Bometimes  very  finely  striated  in  a  longitudinal  direction. 
and  is  elastic  but  not  very  resisting.     Its  granules  arc  excessively  pale.     What 
rv«i8  to  distinguish  it  from  all  other  portions  of  the  nerve-labre  is  its  insolubility  in  most 
tb«  rcftgentsi  employed  in  anatomical  investigations.     It  is  slightly  swollen  by  acetic 
iM*id  but  is  dissolved  after  prolonged  boiling.     If  a  solution  of  carmine  bo  apjilied  to  the 
nerriHis  tis^iiie,  the  axis-cylinder  only  is  colored.     It  has  boon  remarked  that  the  nerve* 
fihf**  fT'^'ited  with  nitrate  of  silver  present  in  tljc  axis-cylinder  well-marked  transverse 
•^'  and  some  oltservers  are  disposed  to  regard  t>oth  the  nerve-cells  and  the  axes 

u  -1  s  as  composed  of  two  substances,  the  limits  of  which  are  marked  by  the  regu- 

Ur  stride  dovchvped  by  the  nitrate  of  silver.  Tlii.s  however,  is  a  point  of  purely  anatomi- 
cal interest.  The  presence  of  regular  and  weQ-mnrked  striaa  in  the  axis-cylinder  after 
this  addition  of  a  solution  of  nitrate  of  silver  and  the  action  of  light  cannot  be  doubted  ; 
but  it  has  not  yet  been  determined  beyond  qiiestion  whether  these  markings  be  entirely 
artificial,  or  whether  the  xixis-eylindt'r  be  really  composed  of  two  kinds  of  snbstimce. 

A  still  more  impt^ant  question  with  regard  to  the  intimate  structure  of  the  axis- 
cylinder  refer'*  to  tho  lougitudimJ  striutiuns.     These  are  observed  in  many  fibres,  but 
tht«y  are  not  constantp     f^ome  authors  have  adopted  the  view  that  the  markings  are  pro- 
rlnceti  by  fibrillte,  analogous  to  the  fibrillED  of  the  muscular  fibres,  in  all  the  fibres,  as  well 
as  in  those  of  the  retina,  the  olfactory,  and  some  of  the  sympathetic  nerves.    In  the  organs 
of  p^iecial  sense,  there  cjin  be  no  doubt  of  the  existence  of  fihrillas  but  this  is  by  no 
lumns  so  clearly  demonstrable  in  the  general  system  of  nerves.    Still,  it  is  necessary  to 
take  into  consideration^  in  this  connection,  certain  facts  with  regard  to  the  origin  of  the 
n»Tvc*- fibres  in  the  cells  and  their  ultimate  distribution  in  sensitive  parts.     In  the  final 
I  of  sensitive  nerves,  we  shall  see  that  the  fibres  break  up  into  filamenta 
dbrin«j;  and,  aUhoogb  the  fibrillated  character  of  the  [joles  of  the  nerve-cells 
i»not  nnroservwUy  accepted  by  anatomists,  many  observers  positively  state  that  such  is 
their  stractupc.     In  tlie  present  condition  of  Uie  science,  we  cannot  do  more  than  state 
that,  wMh  a  fibrillated  structure  has  perhaps  been  shown  in  the  nerves  of  some  of  the 
Inwer  onlcps  of  animals,  its  existence  in  man  and  in  the  mammalia  is  somewhat  doubtful. 
The  diameter  of  the  axis-cylinder  is  about  one-half  or  one-third  that  of  the  tube  in 
which  it  is  contiined.    The  varion*i  appearances  wldch  the  nerve-fibres  present  under 
teerent  conditions  are  represented  in  Fig.  1T4. 

iyimplf^  or  Non-methtlhiUd  Nene'Fibrt». — Theee  fibres  arc  fi>und  very  hrgeiy  dis- 
Wbtit<*d  in  the  nervous  system,     When  we  come  to  study  the  strni  tine  nnd  relations  nf 
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in  diameter ;  others  have  onlv  t!ie  medullar j  covering  and  the  axial  band ;  and  others 
present  the  axial  band  alone.  Most  of  these  anatomical  elements  have  essentiull  v  fbc 
fiame  physiological  conducting  properties;  the  variations  in  their  stmcture  dependmif 
upon  ditTerences  in  their  anatomical  relations.  In  view  of  these  facts,  it  will  be  con* 
venient  to  adopt  some  anatomical  classification  of  the  fibres. 

In  the  most  simple  clossitication  of  the  nerve-fibres,  they  are  divided  into  two  groaps ; 
one  embracing  those  fibres  which  have  the  conducting  element  alono^  and  the  other  pre- 
senting this  element  surrounded  by  certain  accessory  strnctures.  In  the  coarse  of  the 
nerves,  the  simple  fibres  are  the  exception,  jmd  the  other  variety  is  the  rule  ;  bnt,  as  the 
nerves  are  followed  to  their  terminations  in  muscles  or  seiif^itive  parts^  or  are  traced  to 
their  origin  in  the  nerve-centres,  we  find  tbat  they  lose  one  or  another  of  tbeir  adven- 
titious elements.  These  two  varieties  we  tihall  term :  1.  The  mednlhited  fibres'^  and  2. 
Tlie  simple,  or  non-mediillated  fibres. 

Medullated  Kffne-Jtbre*. — These  fibres  are  so  called  by  French  and  German  writers 
because,  in  addition  to  the  axis-cylinder,  or  conducting  element,  they  contain,  enclosed 
in  a  tulmhir  sheath,  a  soft  substance  called  the  medulla.  This  substance  is  strongly 
refractive  and  gives  tbe  nerves  a  peculiar  appearance  under  the  microscope,  from  which 
they  are  sometimes  called  the  dark-bordered  nerve-fibres.  As  the  whole  substance  of 
tlie  fibre  is  enclosed  in  a  tubular  membrane,  these  are  frequently  spoken  of  as  nerve- 
tubes. 

If  the  nerves  be  examined  while  perfectly  fresh  and  unchanged,  their  anatomical  ele- 
ments appear  in  the  form  of  simple  fibres  with  strongly-accentuated  borders.  The  diame- 
ter of  these  fibres  is  from  ^tj^^^  to  Yf\^  of  an  inch.  To  observe  tbe  fibres  in  this  way,  it  is 
neeeesary  to  take  a  nerve  from  an  animal  just  killed  and  examine  it  without  delay.  In  a 
very  short  time,  the  borders  become  darker  and  the  fibre  assumes  an  entirely  different 
appearance.  By  the  use  of  certain  reagents,  it  can  be  demonstrated  that  a  raedullated 
nerve-fibre  is  composed  of  tlireo  distinct  jiortions ;  vi2,,  a  liomogeneous  sheath,  a  seuii- 
fiuid  matter  contained  in  the  sheath,  and  a  delicate  central  band. 

The  tubular  sljcntb  «>f  the  nerve-fibres  is  a  soioewhat  elastic,  homogeneous  membrane, 
never  striated  or  fibrillated,  and  preificnttng  generally  oval  nuclei,  with  their  long  diame- 
ter in  the  direction  of  the  tube«  This  is  sometimes  called  the  neurilemma,  a  name,  bow* 
ever,  which  is  more  generally  applied  to  another  meitdirane.  It  is  sometimes  spoken  of. 
also,  as  the  ** limiting  membrane  of  Valentin,'^  or  "the  t^heath  of  Schwanu.'*  In  ita 
chemical  and  general  properties,  this  membrane  resembles  the  siircolemmo,  although  it  is 
less  elastic  and  resisting.  It  exists  in  all  the  medullated  nerve-libres,  large  and  small, 
except  those  in  the  white  i>ortions  of  the  encephalon  and  spinal  cord.  It  is  not  certain 
that  it  does  not  exist  in  the  small,  non-medulhitcd  fibres,  although  its  presence  here  has 
never  been  satisfactorily  deuionstrated.  As  wo  before  remarked,  the  tubular  membrane 
cannot  be  seen  in  the  perfectly  fresh  nerves ;  and,  even  after  they  have  becoine  changed 
by  desiccation,  its  demonstration  requires  the  use  of  reagents.  In  the  onllnary  medul- 
lated  fibres,  however,  it  may  be  isolntcd  by  boiling  the  nerve  in  absohjte  alcohol  and  then 
in  acetic  acid,  or  by  treating  it  with  cold  caustic  snda.  By  then  boiling  the  nerve  for  an 
instant  in  the  caustic  soda,  fragnients  of  the  tube  may  be  isolated,  when  they  resemble 
the  membrane  forming  the  canals  of  the  kidney.  Another  roelliod  is  to  treat  the  ncrre 
with  fuming  nitric  acid,  afterward  adding  a  solution  of  caustic  potash.  The  tatty  sub- 
stance is  then  discharged  in  small  drops,  the  central  bond  is  dissolved,  and  the  enjpty 
sheath  is  seen,  swollen  and  tinged  with  yellow. 

The  medullary  substonce  fills  the  tube  and  surrounds  the  central  band.  This  is  called 
by  various  names,  os  myeline,  white  substance  of  Schwann,  medullary  sheath,  nervous 
mediUla,  etc.    It  docs  not  exist  either  at  tbe  oriirin  of  the  nerves  in  the  gi  nee 

of  the  nerve-centres  or  at  tlie  peripheral  termination  of  the  nerves,  and  it  h  |  not 

Ml  essential  conducting  element.  When  the  nerves  are  perlvctly  fresh,  this  substance  is 
transparent,  homogeneous,  and  ^fnioi^lv  nfrnfiini?,  like  oil ;  but.  a.«  the  nerves  become 
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alt**r«l  hy  ile«cciition,  the  action  of  water,  acetic  acid,  and  various  atber  rea^jents^  it 
ir  -.  iufo  an  opo^iae,  granular  mass.     Tbo  consi^cnce  uf  this  substanee  gives  to  tb(ij 

rt  1  fibjvs  a  vcrj  iiecuJiar  appuarance.     The  tubuJar  membrane  being  very  thin 

and  not  elastic,  tho  white  subatanre,  by  very  slight  i^res^ure^  h  maile  to  fiU  tbo  tubes 
irregukrly,  giving  thi^m  a  varicose  appearance,  which  is  entirely  characteristic.  In 
e:xanjining  a  preparation  of  the  nervona  tissue,  large  drops,  coagulated  in  irregular  sliapes, 
are  seen  st^attered  over  the  Held  and  frequently  fringing  the  divided  endn  of  the  tubes. 
in  the  white  substanco  of  the  encepbalon  and  &pliuil  curd^  where  the  tubulai*  membrane 
is  wanting,  the  varicose  appearance  of  the  dlires  is  more  remarkable  than  in  any  other 
situation. 

The  axis^cylinder  is,  in  all  probability,  the  essentifd  anatomical  element  of  the  nerves. 
It  txintA  in  ail  the  nerves  except  in  those  termed  gelntinoiie  fibres,  or  tibres  of  Remak, 
which  w  ill  bo  described  hereafter.  In  the  ordinary  medullated  fibre^s  the  axi#-cyliuder 
jCimnot  be  »een  in  the  natural  condition  of  the  tissue,  because  it  refracts  in  the  same 
onner  imj  the  medullary  substance,  and  it  cannot  be  d©mon«trated  afterwanl^  on  aoconnt 
*bf  the  opacity  of  the  coagulated  matter.  If  a  fresh  nerve,  liowever,  be  treated  witli 
■sti^ng  acetic  aciil,  the  divided  ends  of  the  fibres  will  retract,  leaving  the  axis-cylinder, 
whioh  is  but  slightly  affected  by  reagents.  It  then  presents  itf*elf  in  the  form  of  a  pale, 
slightly^flatteDed  band,  with  outlfnes  tolerably  regular,  though  slightly  varicoi^ie  at  int^jr- 
vttiik,  somewhat  granular,  and  Bometimes  very  finely  striated  in  a  longitudinal  direction. 
^Iliis  band  Is  elastic  but  not  wry  resi&ling,  It^  granules  are  excessively  pale.  What 
rvcs  to  distingnbh  it  from  dl  other  portions  of  the  nerve-fibre  is  its  insolubility  in  most 
the  reagents  employed  in  anatomical  bvestigations.  It  is  slightly  swollen  by  acetic 
acid  hut  is  dissolved  after  prolonged  boiling*  If  a  solntion  of  carmine  be  ai>pliod  to  the 
i»rTun»  tissue,  the  axis-cylinder  only  is  colored.  It  has  been  remarked  that  the  nerve- 
br<«^  trent^jd  with  nitrate  of  silver  present  in  the  axis-cylinder  well-marked  transverse 
and  some  observers  are  disposed  to  regard  both  the  nerve-cells  and  tlie  axes 
Di  !  -s  as  composed  of  two  snbstances,  tbo  limits  of  which  are  marked  by  the  regti- 

lar  striie  tleveloped  by  tlio  nitrate  of  silver.  Tliis,  however,  is  a  point  of  purely  anatomi- 
ad  intcr*^t.  The  presence  of  regular  and  well-marked  striaa  in  the  axis-cylinder  after 
the  addition  of  a  solution  of  nitrate  of  silver  and  the  action  of  light  cannot  be  doubted  ; 
but  it  has  not  yet  been  determined  beyond  fiuestion  whether  these  markings  be  entirely 
ttrtilicial,  or  whether  the  axis-cylinder  be  retdly  composed  of  two  kinds  of  substance. 

A  itill  more  iiny^ortant  questioii  witli  regard  to  the  intimate  structure  of  the  axis- 

jeylinder  referi*  to  the  Iongltudiu:d  striations.     These  are  observed  in  many  fibres,  but 

vf  arc  not  constant.     8ome  authors  have  adopted  the  view  tliat  the  markings  are  pro- 

aced  by  fibrillw,  analogous  to  the  fibrillro  of  the  muscular  fibres,  in  all  the  fibres,  as  well 

as  in  thof^e  of  the  retina,  the  olfactory,  and  some  of  the  sympathetic  nerves.    In  the  organs 

of  Hpeciid  senw,  there  can  be  no  doubt  of  the  existence  of  fibrillar ;  but  this  h  by  no 

tncaoA  no  clearly  demoni^trable  in  the  general  system  of  nerves.     Still,  it  is  necessary  to 

t  '  -nsiderntion,  in  this  connection,  certain  facts  wiUi  regard  to  the  origin  of  the 

f  -  in  the  cells  itnd  their  ultimate  distribution  in  sensitive  parts.     In  the  final 

I  of  sensitive  nerves,  we  shall  see  that  the  fibres  break  up  into  filaments 

:  ribrillae;  and,  aUhongh  the  fibrillated  character  of  the  poles  of  the  nerve-cells 

if  not  unreservedly  accepted  by  anatomists,  many  observers  positively  state  tliat  such  is 

their  structure.     In  tlie  present  condition  of  the  science,  we  cannot  do  more  than  state 

that,  while  a  fibrillated  structure  has  perhaps  been  t^hown  in  the  nerves  of  some  of  the 

lower  orders  of  animals,  its  existence  in  man  and  in  the  mammalia  is  somewhat  doubtful 

The  diameter  of  the  axis-cylinder  is  about  one-half  or  one-third  that  of  the  tube  in 

«lnoh  it  is  contained.    The  various  appearances  widch  the  nerve-fibres  pr^ent  under 

^SittVri^nt  conditions  are  represented  in  Fig,  174. 

Simple^  ^r  Non-meduUaUd  Kct^te- Fibres. — Tliese  fibres  are  found  yery  largely  dis- 
tributed in  the  nervous  sv.stcm.     When  we  cume  to  study  the  structure  and  relations  of 
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FlO-  Ui^-^trttjMrM  from  Ih^  human  aubj^d; 
muffiiifitd  StM)  dUtmetefn.    i  KfitllkerJ 

Four  fiiunll  fltir«M,  ot  v  \<sv^^,  oao 

tufiUuin-slttul  libr>  hcle<*oti- 

toui,  and  Ibor  luf^  lUo^r,  two 

hAveu  double  ecmcour,  aoii  twocoiiuin  gnuu- 
l«r  matter. 


these  small  fibres,  which  seem  in  m&njr  mstancea  to  be  simple  prolongftticms,  vritboatl 
iik^mtkm,  of  the  axis-cylinder  of  tlie  medulluted  tibres,  it  will  bo  seen  that  they  ar^j 
chiefly  Ibiind  in  the  peripheral  teriiiinatiuDs  of  tbe  Derves  and  in  the  filanieoLs  of  e ounce- 1 

tion  of  tbe  fibres  witb  tfie  colls.     The  g^tudy  of 
tlie  tilirea  in  these  relutions  conj^titiitcs  the  mu6t  i 
important  part>  {ihyidologically,  of  the  aaatoinxl 
of  the  nerves  and  pre^nta  the  greatest  difficni* 
ties  in  the  way  of  direct  observation ;  and,  fop| 
the^e  reasons,  we  shall  treat  of  these  questions  sep- 
arately, and  defer,  for  the  present,  tlie  full  con-  j 
sideration  of  the  non-niedidlated  fibres. 

Qelatinon^  Ntrte-Fihre*  {FxhrtM  of  Remaly^  | 
These  fibres  are  entirely  difierent  in  their  anat- 
omy from  either  of  tlie  varieties  of  fibres  jiiat 
contiidered.    They  are  found  chiefly  in  the  sym-  | 
pathetic  system  and  in  that  particular  portion  of 
this  system  connected  with    involuntary  move- 
ments.    For  instance,  these  fibres  are  very  abun- 
dant in  the  gray  filaments  sent  to  parts  pro^i  ided 
with  non- striated  muscular  fibres  and  endowed 
with  undoubted  motor  properties;  but  they  uxe 
not  found  in  the  white  filaments  of  the  symp*-  I 
thetic,  which  seem  to  be  incapable  of  exciting  j 
movements. 

There  is  considerable  ditferenoe  of  o[itnion 
among  physiologists  witla  regard  to  the  gelatioona 
filaments.  Some  are  disposed  to  regard  them  as  elements  of  connective  titisue,  not 
endowed  with  properties  characteristic  of  nerves,  while  others  consider  that  they  are 
nerve-fibres,  probably  possessing  functions  distinct  from  those  of  the  fibres  of  ditfedvnt 
structure.  The  latter  is  the  view  now  adopted  by  the  best  miatomists,  Whilis  it  is  ] 
certain  that  elements  of  connective  tissue  exist  in  the  nerves,  and  that  these  hate  be«n 
mistaken  fur  true  nerve-fibres,  there  are  in  the  nerves,  particularly  in  those  belonging  to 
the  great  sympathetic  system,  fibres  exactly  resembling  tlie  nerve-fibres  of  the  embryon. 
These  are  the  true  gelatinous  nerve-fibres,  or  fibres  of  Remak.  It  is  stated  tbat  the 
nerves  generally  have  this  structure  up  to  the  fifth  month  of  intra-uteKme  life,  and  that, 
m  the  regeneration  of  nerves  after  division  or  injury,  the  new  elements  nfianme  ihla 
fonu  before  they  arrive  at  their  full  development. 

Tbe  true  gelatinous  nerve-fibres  present  the  following  characters :  They  are  fiattcned, 
with  regular  and  sharp  borders,  grayish  and  pale,  presenting  numerous  very  fine  grann- 
lations,  and  a  number  of  oval,  longitudinal  nuclei,  a  characteristic  which  has  given  them 
tlio  name  of  nucleated  nerve-fibres.  The  diameter  of  the  fibres  is  about  ^^^  uf  an  inch. 
The  nuclei  have  nearly  the  same  diameter  as  the  fibres  and  are  about  i/j>^  of  an  inch 
in  length.  They  are  finely  granular  and  present  no  nucleoli.  The  fibres  are  rendered 
pale  by  the  action  of  acetic  acid,  but  they  are  shghtly  swollen  only,  and  present,  in  this 
regard,  n  marked  contrast  with  the  elements  of  a  connective  tissue.  The  microscopical 
appearances  of  these  fibres,  which  are  strongly  characteristic,  are  represented  in  Fig.  175. 
Afffsmry  Anntotnie/il  Elements  of  the  Nertes. — The  nerves  present,  in  addition  to  the 
difierent  varieties  of  tnie  nerve-fibres  just  descrilied,  certain  aceesaory  anatomical  elv- 
menta  common  to  nearly  all  t>f  tbe  tissues  of  the  organism,  such  as  connective  tiaane, 
bloml-vessels,  and  perhaps  lymphatics,  although  these  have  never  been  demonstratei), 
except  in  the  nen*e-contres. 

Like  the  muisicular  tissue,  tbe  nerves  are  made  up  of  their  true  anatomical  elements — 
the  nerve-fibres— liild  toL^-tber  into  p ri mi tive^  secondary,  and  tertlnrv  biindh-n,  and  , 
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0B»  in  proportion  to  the  eize  of  the  nerve.  The  primitive  fsscicali  aro  surronnded  hj  a 
d«ll^&to  tDetfibraue,  described  by  Robin  tmder  tlie  name  of  perinetre^  bnt  which  hud  been 
ilraady  noted  by  other  anatomiists  under  ditterent  name^.  Tliis  membrane  is  homogeneous 
or  TUTf  Anely  granular,  sometimes  marked  with  longitudinal  ^ria^,  and  poif^essing  elon- 
gated naelei,  finely  granular,  from  j^  to  y^  of  an  inch  in 
len^j  by  from  ^^^  to  ^^^  of  an  inch  wide.  The  thickness  of 
the  membrane  is  from  Tyiinr  ^^  T^tn  ^^  ^^  inch.  It  commences  at 
the  point  where  the  nerve-fibres  emerge  from  the  white  portion  of 
l=the  D*»rvons  centres  and  it  extends  to  their  terminal  extremitiesi, 
bein^  interrupted  by  the  ganglia  in  the  course  of  the  nerves.  This 
membrane  generally  envelops  a  primitive  fas<?iculus  of  tibrcs,  branch* 
Ing  as  the  bundles  divide  and  pa^a  from  one  tronk  to  another ;  but 
it  U  Bometinies  found  surronnding  Bingle  fibres.  It  m  not  usually 
netrated  by  blood-vessels,  the  snmlleisfc  capillaries  of  the  nerves 
niifying  in  its  substance  bat  seldom  passing  through  to  the  indi* 
ulaal  nerve-fibres.  Within  the  perinerve,  are  sometimes  found 
dementa  of  connective  tissue^  with  very  rarely  a  few  capillary 
blood -v<»asels  in  the  largest  fasciculi. 

Tho  amount  of  fibrous  tissue  in  the  different  nerves  is  very 

riablo  and  depends  upon  the  conditions  to  which  they  are  sub- 

~ject^^l.     In  the  nerves  within  the  bony  cavities,  where  they  are 

entirely  protected^  the  fibrous  tissue  is  very  scanty;  but,  in  the 

vea  between  muscles,  we  find  a  tolerably  strong  investing  mem- 

Dd  or  sheath  surrounding  the  whole  nerve  and   sending  i>ro- 

pwes  into  it^  interior,  which  envelop  smaller  bundles  of  fibres. 

This  sheath  is  formed  of  inelastic  fibret*,  with  small  elastic  tibrea 

:ind  nucleated  connective-tissne  fibres.     These  latter  may  be  distin- 

^ii<*hed  from  the  gelatinous  nerve-fibres  by  the  action  of  acetic 

cid,  which  swells  and   finally  dissolves  them,  while  the  nerve- 

^  fibres  are  but  slightly  affected. 

The  late  research ei*  of  Suppey  have  shown  tliat  the  stmcturo 

the  fibr«:»U9  shcatli  of  the  nerves  possesses  certain  important 

tttomicai  peculiarities.     The  greatest  part  of  this  membrane  is  composed  of  bundles 

of  while  inelastic  tissue,  interlacing  in  every  direction ;  but  it  contains  abo  numerous 

F'tlosttic  fibres,  a*lipose  tissue^  a  net-work  of  arteries  and  veinsM,  and  ^^nervi-nervorura/' 

whicli  are  to  those  structures  what  the  vasa-vasomm  arc  to  the  blood-vessels.    The 

•diposo  tissue  is  constant,  beiiiff  found  even  in  extremely  emaciated  persons- 

Th©  vascular  supply  to  most  of  tho  nerves  is  rather  scanty.  The  arteries  break  up  into 
a  plexus  of  very  fine  capillaries,  arranged  in  oblong,  longitudinal  meshes  snrronnding  the 
fNsciculi  of  til»res ;  but  they  rarely  penetrate  the  perinerve^  and  they  do  not  usually  come  in 
contact  ^ith  the  ultimate  nervous  elements.  Tho  veins  are  rather  more  voluminous  and 
follow  the  arrangement  of  the  arteries.  It  is  not  certain  that  the  nerves  in  their  course 
contain  lymphatics ;  at  least  these  vessels  have  never  been  demonstrated  in  their  substance. 
Branching  and  Courxe  of  the  Niirte$, — The  nltimato  nerve-fibres  in  the  course  of  the 
nerves  have  no  connection  with  each  other  by  branching  or  inosculation.  A  bundle  of 
fibre*  fre4|uently  sends  branches  to  other  nerves  and  receives  branches  in  the  same  way; 
Hut  this  is  simply  tho  passage  of  fibres  from  one  sheath  to  another,  the  ultimate  fibres  them- 
5ntainin(r  throughout  their  course  their  integrity  and  their  indixidual  physiologi- 
nies.  This  view  with  regard  to  the  course  of  the  fibres  in  the  nerves  is  held  by 
Qeariv  all  anatiMiiist^.  The  nerve-fibres  do  not  branch  or  inosculate  except  at  the  i>ornt 
^liere  thoy  change  their  character  just  before  their  termination-  The  brnnehing  and  inos- 
(nlation  of  the  ultimate  nerve-fibres  will  be  considered  in  connection  with  tho  very  inter- 
''*?ing  and  important  question  of  their  ultimate  distribution  to  muscles  and  sensitive  parts. 
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Made  of  Termination  of  the  Nerves  in  the  Voluntary  MtiaeUi, — ^For  a  long  time^  the  i 
mode  of  termination  of  the  nerve-fibres  in  the  muscles  was  a  question  of  great  uncer- 
tainty ;  but,  within  the  last  few  years,  thanks  to  the  elaborate  researches  of  French  and 
German  anatomiBts,  the  peripheral  extremities  of  the  nerves  have  been  so  accurately 
described  and  lijrured,  thnt  the  great  question  of  tlie  mode  of  connection  between  tho  j 
anatoDiicnl  element  conducting  the  stimulus  to  the  muscles  and  the  contractile  elements  | 
of  the  muscles  themselves  may  be  considered  as  definitively  settled.    In  1840,  Doy^re  gave 
an  acc-ount  of  the  peripheral  termination  of  the  motor  nerves,  probably  as  accurati^  as 
was  possible  with  his  imperfect  means  t^f  investigation ;  but  this  ol>servation,  tbongh 
confirmed  a  few  years  later  hy  Quatrefages,  seems  to  have  been  lost  sight  of  by  must 
physiological  writers.     Without  underestimating  the  value  of  other  researches,  we  may 
st*ite  that  those  cif  Rouget  represent,  perhaps^  the  present  condition  of  tlie  question  as 
well  as  any.     The  differences,  however,  between  the  most  reliable  observations  of  recent 
writers  are  nearly  all  uniriiportant ;  and,  while  future  investigations  may  enable  us  to  go 
farther  in  following  out  some  of  the  elements  of  tlie  nerve-fibres,  they  will^  in  all  probabil- j 
ity,  simply  extend  our  knowledge,  without  invalidating  the  information  already  acquired. 

The  observations  of  Rouget  were  published  in  1^02  and  were  made  upon  lizards^ 
frogs,  Guinea-pigs,  rats,  and  other  animals,  and  have  been  confirmed  in  the  human  subjeet.  ^m 
The  tissues  were  taken  either  from  the  living  animal  or  from  an  animal  just  killed^  and  ^| 
they  were  examined,  in  some  instances,  without  the  addition  of  reagents;  but  the  most 
satisfactory  results  were  obtained  by  macerating  the  muscles  for  from  «x  to  twenty-four 
hours  in  a  liquid  containing  y^^  of  hydrochloric  acid,  and  adding  to  tlie  preparation  on 
the  glass  slide  a  drop  of  a  solution  of  sugar  in  water.  In  preparations  made  in  this  way, 
it  is  easy  to  trace  the  course  of  the  nerves  to  their  termination.  The  following  la  tlie  I 
description  given  by  Ronget : 

*^  The  nervous  trunks  and  the  branches  of  distribution  generally  cross  the  course  of 
the  muflculur  fibres.     As  regards  the  terminal  ramifications,  sometimes  they  meet  the  ] 
muiikMilar  fibres  at  nearly  a  right  angle,  and  sometimes  they  are  placed  nearly  parallel  to 
the  axis  of  thii  primitive   fasciculi.     Branches  of  distribution  arc  detached  sometimcji 
from  branches  containing  two  or  three  fibres,  and  sometimes  from  isolated  fibres.    After 
a  very  short  course  these  tubes  divide,  and  may  present  as  many  as  seven  or  eight  suc- 
cessive divisions.    Most  commonly,  the  termination  taikes  place  either  by  divisions  of  the  ( 
second  or  third  order,  or  the  same  tube  gives  off",  successively,  divisions  which  pass  to  tbo 
adjacent  primitive  fasciculi  and  terminate  here  without  new  divisions  and  after  a  very  j 
short  course.    They  have  a  less  diameter  than  the  primitive  norve-tubes,  l»ut  they  pre- 
serve even  to  the  terminal  extremity  their  double  contour,  and  there  can  be  •)  ted, 
very  easily,  a  sheath  provided  with  nuclei,  a  medullary  layer,  and  the  < 
Never  do  we  observe  at  the  termination  of  the  motor  nerves  the  pale  and  non-m* 
fibres  described  by  KQhne  and  K^lliker.     At  the  i»oint  where  the  tube  termii;;.,.. 
ri^mark  constantly  a  special  arrangement  which  has  no  analogy  with  that  which  lias  been  ] 
described  in  the  batrachia  by  these  two  observers,  and  which  Ktihne  believed  could  he 
extended  to  tlte  higher  vertebrata,  to  the  mammalia,  and  to  the  human  subject.     The 
nerve-tube,  with  a  double  contour,  preserving  still  a  diameter  of  from  ,|^  to  y^  of  aa. 
inch  at  the  point  where  it  touches  the  primitive  fasciculus  to  become  arrested  at  Its  sur- 
face, terminates  by  an  exi>an8ion  of  the  central  nerve-substance,  the  axis- cylinder,  which 
is  in  immediate  contact  with  the  contractile  fibres  (fibrillas)  of  the  primitive  fasciculu;?. 
The  layer  of  medullary  substnnee  ceases  abruptly  at  this  point,  the  sheath  of  the  tnbe  Is  I 
spread  out  and  blended  with  the  sarcolemma;  but  in  immediate  continuity  witli  the  axis^ 
cylinder,  a  layer,  a  plate  of  granular  substance,  from  -^^^  to  ^^  of  an  inch  in  thick- 
ness, is  spread  out  beneath  the  sarcolemma,  on  the  surface  of  the  fibrilla?,  in  a  sjMice 
generally  oval  and  about  j^m  f»^  ^^  *^'^'**  ^**^*'*  '"  ^^^  short  diameter^  and  ^^  of  an  inch 
in  its  long  diameter.     This  granular  sobstnnce  masks*  more  or  less  completely,  in  the  ] 
space  which  corresponds  to  it,  the  transverse  striae  of  the  muscular  fasciculus.    The  disk  j 
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elf  h!i«  exactly  tho  granular  appearance  of  the  substance  of  the  axia-cylinder  in  tlie 
and  of  that  of  tho  nerve-tubes  in  most  of  the  invertohrato,  ei^pcdally  aftvr 
(  rod  bj  dihitc'd  ecida.     But  that  which  essentially  clmraettinzos  tho  tcrurmal 

platee  of  the  motor  nerves  ijs  on  agglomeration  of  nuclei  observed  at  their  site.  With  a 
low  ma^iiiying  power,  even,  we  can  distinguish  tlie  point  where  a  nerve-tube  touches 
the  primitive  fasciculus  to  which  it  belongs,  and  ends  abruptly  at  its  surface*  by  a  collec- 
tion of  from  six  to  twelve  or  even  sixteen  nuclei  which  occupy  the  site  of  the  terminal 
[Ahx^,  These  nuclei  are  distinguished  by  their  size  as  well  as  by  their  fornij  whicli  is  less 
i  '  1  lan  t he  n ucle i  of  l he  m use ul ar  t issue  (eon n c/r tke- 1 i«» ue  nudei  of  th v  pr im it i vt 

/  They  present,  however,  the  most  complete  analoji:y  with  tho  nuclei  of  the 

nerre-sheath  {connect he-tmiie  nueUi  of  the  neri^es).  They  are»  without  any  doubt,  notliing 
else  than  the  nuclei  which^  scattered  throughout  the  entire  length  of  the  Bheaih,  are  col- 
lected in  a  mass  at  the  point  where  tlie  covering  of  the  nerve-fibre  is  spread  out  and  fuses 
with  tlie  sarcolernma  of  the  primitive  fasciculus/* 

There  can  be  little  if  any  doubt  that  the  description  just  given  represents  the  mode 

( ^^  lion  of  the  nerves  in  the  voluntary  muscles  in  man  and  in  the  mammalia.    Tlie 

1^4  of  Kolliker,  who  describes  a  plexus  of  pale  fibres  with  nuclei  instead  of  a 

I  terminal  plate,  Avere  made  upon  frogs^  and  are  probably  correct ;  and  Eulli- 

k  :.    -  the  accuracy  of  tlie  observations  of  liouget  as  regards  re[)tiles,  birds,  and  the 

tnamnudia. 

Althon^^h  the  sensibility  of  the  muscles  is  slight  as  compared  wnth  that  of  tho  tegn- 

mentary  tissues,  they  undoubtedly  possess  nerve-fibres  other  than  those  ex(dusively 

dcToted  Vy  motion.     In  addition  to  the  fibres  just  described,  KoUiker  and  some  other* 

have  noted  fibres  with  a  different  mode 

of  lermination.     These  KoOiker  believes  3  ^ 

fft  be  sensitive  nerves,  and  their  mode  itf 

ti  rminntion  has  not  been  so  detinitely  de- 

«  ril)ed  as  that  of  the  fibres  with  terminal 

roi»tor  plates.    We  refrain  from  giving  a 

very  full  description  oven  of  what  has 

Wen  observed  with  regard  to  the  tenni- 

niition  of  these  fibres,  for  future  and 

more  successful  researches  will  probably 

tnadify  the  views  now  held  with  regard 

to  this  point.     IvoUiker  states  that  the 

fibre**  in  qtiestion  are  very  fine,  dark-bor- 

dtred  tubes,  with  a  medullatcd  sheath, 

which,  when  studied  in  muscular  tissue 

^     'Ted  pale  by  acetic  acid,  may  he  seen 
k?  otf  exceedingly  fine,  non-raedul- 

ftUd  fibres,  which  terminate  in  fibres  of 

he  same  appearance,  but  ftrovided  with 
nurlei.  It  does  not  appear  to  be  certain 
bow  these  fibres  end.  Kolliker  is  not 
satisfied  that  the  free  extremities,  as 
they  appear  to  be,  are  the  actual  termi- 
nations; but  he  asserts  that  in  some  rare 
anc«s  they  communicate  with  each 
_  For  the  presi^nt  this  point  must 

W  considered  as  unscttled. 

Mode  of  Tcnnination  of  the  Net r en  in  the  Involuntun/  MnBeuhr  TUiw, — ^The  nerves 
hare  not  be^n  followe<l  out  so  satisfactorily  in  the  involuntary  as  in  the  striated  mus- 
cular system;  and,  ajs  most  if  not  all  of  the  fibres  are  derived  from  the  sympathetic 
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^vstotDi  which  contains  niimerous  fibres  of  Bemak  the  terminations  of  which  have  nol 
been  described,  it  is  evident  that  our  in  formation  concerning  this  part  of  the  peritkhtnl 
nervous  system  must  be  incomplete.  Perhaps  the  most  remarkable  of  the  late  obsenra- 
ticins  upon  this  point  are  those  of  Dr.  Frankonhaeuser,  npon  the  nerves  of  tlie  uteruak 
l*he8e  researches  were  very  elaborate  \  but  the  point  most  interesting  in  this  C4>nnection 
IS  that  tbe  nerves,  having  formed  a  plexus  in  the  connective  tissue,  send  exeeediD|;Jy 
small  fibres  into  tbe  sheets  or  layers  of  muscular-fibre  cells^  which  branch  and  finally  go 
into  the  nucleoli  of  these  structures.  Arnold  has  confirmed  thet»e  observations  and  hf» 
shown  farther  that,  in  many  instances,  the  fine  terminal  nerve-fibres  branch  and  po  into  , 
the  nuclei  of  the  muscular  fibres  and  then  pass  out  to  join  with  other  fibres  and  form 
a  plexQs. 

Termination  of  the  N&mee  in  Gla7id9,—The  great  influence  which  the  nervous  »jtUim 
exerts  npon  secretion  attaches  considerable  interest  to  recent  researches  into  the  nltimatli 
distribution  of  the  nerves  in  tlje  glands.  It  must  be  remembered,  however,  in  these,  ai 
in  aU  observations  upon  the  destination  of  the  smallest  nerve-fibres,  tliat  the  problem  is 
one  of  the  most  difficult  in  tlie  whole  range  of  mtnate  anatomy ;  and  the  results  arrived  < 
at  must  be  received  with  a  certain  amount  of  caution,  untU  they  shall  have  been  amply 
confirmed. 


Fmi.  I7t  ^^Tkrminatlfm  of  the  n^rrt*  in  M|i  tnli^ry  ffktntJu.    ^.PiiOirfr.) 
h  IK  bnnchlug  of  tbe  D«rvM  between  tfa«  f  buHtnlnr  c«Ut ;  III,  tormlmiUoina  n(  the  D«rv(»  ia  tbe  nttdii  of  tb^  «lfll ; 

IV,  multipQlar  ocrre-cvlt. 


Ttie  researches  of  Pflnger  upon  the  salivary  glands  leave  no  donbt  as  to  the  fact  tliat 
meflulhited  nerve-fibres  pass  to  the  cells  of  tliese  organs  and  there  nbrnptly  terminates  ol 
least  as  dark  borderetl  fibres.  This  author  believes,  however,  that,  having  fonned  a  mpr© 
or  less  branching  plexus^  non-medullated  fibres  pass  directly  into  the  glandular  cellSt  and 
he  gives  figures  which  seem  to  illustrate  this  arrangement  pretty  dearly.  The  *iune 
observer  describes  and  figures  multipolar  cells,  mixed  with  the  glandular  cell^  in  which 
Home  of  the  nerve-fibres  terniinate. 

Motfci  of  Termination  of  the  sSensorp  KervsM, — ^There  are  undoubtedly  several  modes 
of  termination  of  the  sensitive  nerves  in  integument  and  in  mucous  meinbranesi,  some  of 
which  havw  been  accurately  enough  described,  while  others  are  still  somewhat  uncertain* 
In  the  first  place,  anatomists  now  recognijte  three  varieties  of  corpuscular  tenninations, 
difiering  in  their  structure,  probably,  according  to  tbe  different  ftmctions  connected  with 
sensation,  with  which  the  parts  are  endowed.  In  addition,  it  is  prohalile  that  many 
BBiisitivo  nerves  are  connected  with  the  hair- follicles,  which  are  so  largely  distributed 
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tlirougbout  th^  cututieous  sarface.    There  are^  al»o,  U^rniiDal  filameots  not  cotmccteil 

with  Anjr  dp&oiol  orgAn^  some  of  them«  perhaps,  ending  dimply  in  free  extretiiitics^  and 

tmje  connected   with   epithelium.     There   is  blill   conBidertihle   diiferenuc  of   opiuion 

non^r  anatomists  concerning  all  of  these  varioas  poinl^^  hut,  with  regard  to  the  tcrniiiml 

•r-  'Vcrences  are  purely  anatomi<?al,  and  they  do  not  irmtenally  atlV'Ct  our 

[ii  i^'y  of  sensation.    We  do  not  propose,  therefore,  to  enter  t^ily  into  the 

cuHsiotis  upon  these  ijuestionsi,  and  we  sliall  {simply  j>resent  what  stsem  to  he  the  most 

easonable  views  of  the  late>*l  and  most  reliable  observers. 

CorpiiMfle»  af  Pa^ini^  or  of  VaUr. — These  corpuscle^  which  were  the  first  discovered 

and  de^^'rihed  in  connection  with  the  sensitivQ  nerves,  were  calknl  corpuj^clei  of  Pacmi^ 

until  it  was  shr^wn  that  they  had  been  seen  about  a  century  and  a  half  agio  by  Vater. 

iieir  actual  mode  of  connection  with  the  nerrea,  however,  has  onjy  been  ascertained 

ritliin  the  last  few  years.    Tlie  following  are  the  meaaurements  of  tliese  bodies  and  the 

ill uat ions  in  which  they  are  fonnd,  t**ken  from  KoUiker: 

In  man,  these  corpuscles  are  oval  or  egg-shaped  and  measure  from  ^^y  to  J  nf  nn  ineh 
in  length.  They  are  always  found  in  the  subcutaneous  layer  on  the  palms  of  the  hands 
and  tlie  ^oles  of  the  feet,  and  are  moat  numerous  on  the  palmar  surfaces  of  the  fingeri* 
and  toes,  particularly  the  third  phalanges.  In  the  entire  hand  there  are  about  aU  hnn- 
drod,  and  about  tlie  ttamo  number  on  the  feet,  They  are  sometimes,  hut  not  constantlv. 
fotind  in  the  following  Mtnatinns :  The  dorsal  surfaces  of  the  hands  and  feet,  on  the 
BtaneoQd  nerves  o['  the  arm*  t[jo  forearm  and  tlie  neck,  tlio  internal  pudic  nerve,  tim 
[tereostal  nerrca,  all  nf  the  articular  nerves  of  the  extremities,  the  nerves  beneath  tlj© 

amary  gland**,  the  nerves  of  the  nii»ple8,  and  in  the  substance  of 
he  mnseles  of  the  hands  and  feet.  They  are  found  without  excep- 
tion on  all  of  the  great  plexuses  of  the  sympathetio  system,  in  front 
of  and  by  tlie  sides  of  the  abdominal  aorta,  and  behind  the  peri- 
toneum,  particularly  in  the  vicinity  of  the  pancreas*  They  some- 
times exist  in  the  mesentery  aud  have  been  observed  n«;ar  the 
coccygeal  gland. 

The  structure  of  the  corpuscles  i^on^istn  simply  of  several  layers 
of  connective  tissue  enclosing  a  central  bulb  in  which  is  found 
ihe  terminal  extremity  of  the  nerve.  This  bulb  is  finely  gram 
Ur,  DQcleated,  and  is  regarded  by  most  anatomists  as  compos  . 
of  eonnoctive  tissu«.  At  the  ba*ie  of  tlie  corpuscle,  is  a  j>edlrl 
forruiMl  of  cx)nnective  tissue  surrounding  a  mediillated  nerve-fil»ro 
which  penetrates  the  corpuscle  and  terminates  in  the  central  bulb. 
The  only  really  important  point  of  discussion  with  reference  to 
the  structure  of  the  nerve-fibre  in  the  central  bulb,  and  this  is 
purely  anatomical,  is  whether  or  not  the  medullary  substance  ex- 
tetid  into  th©  corpuscle  itself.  Probably  tlie  fibre  is  here  redact 
ibnply  t<i  iho  axis-cjlinder.  All  anatomists  agree  that  a  single 
thin,  flat  fibre  penetrates  the  corpuscle  and  terminates  near  its 
jummit  by  a  §lightly- enlarged  and  granular  extremity,  Tho 
L«  ut  of  tho  different  anatomical  elements  is  shown  in 

u 

Thm  sitaiation  of  tliose  corpuscles  bem-'ath,  instead  of  in  tlio 
ibttCoiDoe  of  tha  true  skin,  shows  that  they  cannot  be  properly 
derod  as  tactile  corpuscles,  a  name  which  is  applied  to  other 
ane*  situatad  in  tho  papill.T  of  the  corium  ;  and  it  is  impos- 
I  to  aaslgn  to  them  any  special  function  connected  with  sen- 
^  mch  M  the  sense  of  temperature,  or  the  appreciation  of 

lire  or  weight.     All  that  we  can  say  with  regard  to  them  is  that  they  constitute 
*  of  tho  several  modoa  of  tennination  of  tiie  nerves  of  general  sensibility. 
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Tactile  Corpu4cUa, — The  name  tactile  corpuscles  implies  that  these  bodies  are  con- 
netted  with  the  sense  of  touch ;  and  this  view  b  sustained  by  the  fact  that  thev  anj 
found  altnost  excluaively  in  parts  endowed  to  a  marked  degree  with  tactile  sensibility. 
They  are  aomotimos  called  the  corpuscles  of  Meissner  and  AVagner,  after  the  anatonmta 
by  whom  they  were  first  di*scribed.  The  true  tactile  corpuscles  are  found  in  greatest 
nainber  on  the  palmar  surfucea  of  the  hands  and  fingers  and  the  (ilantar  surfaces  of  the 
feet  and  toes.  They  exists  also,  in  the  skin  on  the  backs  of  the  handi*  tind  feet^  the  nip- 
ples,  and  a  few  on  the  anterior  surface  of  the  forearm.  As  we  shall  see  when  w«  come 
to  desoribe  them  fully,  they  are  situated  in  the  mibstance  of  the  papiUie  of  the  akin,  und 
they  cannot  tail  to  have  an  important  function  in  connection  with  the  sense  of  touch. 

Wo  have  already  treated  of  the  general  structure  of  the  skin  and  have  seen  that  the 
largest  papilla^,  measuring  from  ,J|^  to  ^^  of  an  inch  in  length,  are  found  on  the  hands, 
feet,  and  nipples,  precisely  where  the  tactile  corpuscles  are  most  abundant.  Corpuscles  do 
not  exist  in  all  p;ipUla3,  and  they  are  found  chiofiy  in  those  called  compoand.  In  a  space 
of  about  ^  of  an  inch  square  on  the  third  phalanx  of  tlie  index-finger,  Meistuner  counted 
tbnr  hundred  papilla;,  in  one  hundred  and  eight  of  which  he  found  taetilo  corpuscle^  or 
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about  one  in  four.  In  the  same  space  oa  the  second  phalanx,  he  found  forty  eorpusdei^ 
on  the  first  phalanx^  fifteen  ;  eight  on  the  skin  of  the  hypothenar  eminence ;  thirty -four 
on  the  planter  surface  of  the  ungual  phalanx  of  the  great-foe;  and  seven  or  eight  in  th« 
skin  on  the  middle  of  the  sole  of  the  foot.  In  the  skin  of  the  forearm,  tlie  corpuscle*  aro 
very  rare.  Kolliker  states,  also,  that  the  tactile  corpuscles  usually  occupy  special  pnpiUVf 
which  are  nnt  provided  with  blood-vessels;  so  that  tlie  papiU»  of  the  hand  mi^bo 
properly  divided  into  vascular  and  nervous. 

The  form  of  the  tjictilo  corpuscles  is  oblong,  with  their  long  diameter  in  the  direetioii 
of  the  papiUffi.  Their  length  is  from  ^  to  j^  of  an  inch.  In  the  palm  of  the  hand, 
they  are  from  ^  to  y^^  of  an  inch  long,  and  from  jjhj  to  -^^  of  an  inch  in  thickQ««ft* 
They  are  generally  situated  at  the  summits  of  the  secondary  eminences  of  the  compound 
papillie.  According  to  KOlliker,  the  tactile  corpuscles  consist  of  a  central  bulb  of  homo- 
geneous or  slightly-granular  connective-tissue  substance,  annlogcms  to  the  ceutrid  bulb 
of  the  Pacinian  coriiuscles,  and  a  covering.  Treate*!  with  acetic  acid,  the  covering  pnt- 
sentd  numerous  elongated  nuclei  arranged  in  a  circular  manner,  which  ho  believes  to  be 
nuclei  of  cunnectivo  tissue,  and  a  few  fine  elastic  fibres.  One,  two,  and  simietimea  three 
or  four  dark-bordered  nerve-fibres  pass  from  tbe  snbcutaneous  nervous  plexus  to  the 
base  of  eacli  corpuscle.  These  surronnd  the  coqmscle  with  two  or  three  spiral  tnniR, 
and  they  terminate  by  pale  extremities  at  the  surface  of  the  central  bulb.  This  arrange* 
ment  is  shown  in  Fig.  180. 
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Terminal  Bulh§. — Under  this  name,  a  Tariety  of  corpuscles  has  lately  boon  described 
bj  Krausts  as  exi<*tlng  in  the  coryunctiva  coveriog  tbe  t\vc  and  m  ih^  semilunar  fold,  in 
lie  floor  iii  the  buccul  cavity,  the  tongue,  the  g^laua  peiii»,  and  tho  clit4:>rif(.     They  bear 
oriie  anaioffj  to  tho  tactile  corpuscles,  but  they  tiro  much  pmnllor  und  more  simple  in 
fioir  strut'turc.     They  form  shnply  a  rounded  or  oblong  »r  r  at  the  ends  of  the 

fterTes,  which  ia  composed  of  lioiriogeneous  matter,  with  tn  n'gly  dclicftte  invest- 

ment of  connective  ti^isuc.  They  measure  from  y^^  to  j\^  of  an  inch  iu  diameter.  In  tlio 
^partj  provided  with  papiUifi}  tbey  an)  dituated  at  the  summits  of  tlie  secondary  elevations. 


tifdlHl  hypr  with  plijutQiilk' ci^lli  and  flttu  elftgtle  flbn?«;  5, 
iKifll  ^jowjmfix*,  with  tnuuiver^B  uiietei ;  <\  &ff«Tt^ilt  ti«r- 
vtnift  IwuiNi.  with  tti  iitirk'Atwl  nenrUptiitaii ;  d^  *i,  ncrve- 
fltiTM  wOttrcUhg  tlic  irvrvutcl^ ;  f,  tbe  ap^niroiit  termliifltiuo 
Af  OB*  of  Ihu^  fibroft. 


Tlic  iirrnnffement  of  the  nerve-fibres  in  theso 
I  ia  very  simple.    One,  two,  or  three 

;«^.  ..,^.....vd    fibres    pass   from   the  sabmncoua 
ibius  tu  tbe  corpuscles.    The  investing  sheath 
«      '     :" '  ros  ia  here  continuous  with  the  connec- 
f  covering  of  the  corpuscle,  and  the 

»*irvti-:ii»re3  puss  into  the  corpuscle,  break  up 
to  two  vT  three  divisions,  and  terminate  in 
convoluted  or  knotted  ©oils,  Tho  nerve-fibres 
aro  mednUated  for  a  certain  distance,  but  their 
terminations  arc  generally  pnVe.  The  above  ia 
one  form  of  these  corpuscles.  Sometimes,  how- 
ever,  the  terminal  bultts  are  oblong,  aud  some* 
but  a  single  nerve-fibre  penetrates  the 
and  t4*rminates  in  a  simple  pale  filament. 
i#  pHuripnl  fonns  of  the  terminal  bnlbs  oro 
irn  in  Fig.  181. 

0en4ral  M^de  ttf  Termination  of  the  Sen- 
Nmet, — TliC  actual  termination  of  the  sen- 
v«  nerv«8  upon  the  general  surface  and  in 
neons  membrana»  is  still  a  question  of  great 
ol«4i*nnfy.  Althrtii|yl»  wo  have  arrived  at  a 
]  vledge  of  the  sensitive  corpuscles,  it  muut  be  remember 
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eons  and  mucous  surface  in  which  no  corpuscles  have  as  yet  been 
and  it  ia  in  these  parta,  endowed  with  what  we  may  call  general  sens!- 


57G 


NERVOUS  SYSTEM. 


bUltj,  as  disttngoifibed  from  the  senso  of  toDcli,  tUat  we  have  to  etadj  the  mode  of  ter* 
minatioti  of  the  nerves. 

KsUikiT  is  of  the  opiDion  that,  in  the  iranieDse  in^ority  of  mstancea,  Uie  sensitive 
nenes  terminate  in  some  way  in  the  hair-foiJicles,  It"  this  be  true,  it  will  account  for 
tlje  terminal  ion  of  the  nerves  in  by  far  the  greatest  portion  of  the  skin,  as  there  are  few 
parts  in  which  hair-follicles  Ao  not  exist;  but,  unfortimately,  the  exact  mode  of  (*onne<!- 
tion  of  the  nerves  with  these  follicles  ia  not  apparent.  The  following  is  uU  we  know 
positively  (»f  the  terminationi«  of  the  nerves  on  tJie  general  surface : 

Mi^JuJlated  nerve-fibres  form  a  plexus  in  the  deeper  layers  of  the  true  skin^  from 
which  fibre.s,  some  pale  and  nucleated  and  others  medullated,  pass  to  the  hnir-foUicle^* 
divide  into  branches,  penetrate  into  their  interior,  and  are  tliere  lost.  A  certain  number 
of  fibres  pass  to  the  non-striated  rauscular  fibres  of  tlic  skin.  A  certain  number  pa^s  to 
papilla}  and  terminato  in  tactile  corpuscles,  and  others  pass  to  papillai  thut  have  no  tac- 
tile corpuscles. 

In  the  riiuoons  membranes,  as  far  as  we  know,  the  mode  of  termination  is,  in  gcneraJ 
terms,  hy  a  delicate  plexus  just  beneath  the  epithelium,  coming  from  a  submucous  plexus 
analog;ou»  to  the  deep  cutaneous  j^lexus.  In  certain  membranes,  we  have  already  note<l 
the  termination  in  bulbs  (corpuscles  of  Krause),  In  the  cornea,  the  fibres  have  been 
followed  more  minutely  than  in  any  other  situation,  and  the  results  of  recent  researchcii 
upon  this  flubjoct  are  very  remarkable.  These  resulta  are  so  recent  and  unexpected^  that 
we  are  hardly  prepared  to  admit  them  unreservedly  without  fuli  confirmation.  At 
present  we  can  only  state  that  tbe  observations  of  lloyer,  Lipmann^  and  others,  con- 
Jirmed  in  part  by  K6lliker,  seem  to  show  that  branching  nerve-fibres  pass  to  tlie  nucleoli 
of  the  corpuscles  of  the  cornea  and  to  the  nucleoli  of  the  cells  of  tlie  posterior  layer  of 
epithelium. 

Structure  of  the  Kerve-centrei. 

A  peculiar  pigmentary  matter  in  the  nerve-cells  and  the  surrounding  prannlar  anl 
stance  gives  to  tlie  nerve-centres  a  grayish  color,  by  which  they  are  reaJily  distiDguished 
from  the  white,  or  fibrous  division  of  tlio  nervous  system.  Wherever  this  gray  matter  id 
found,  the  anjitomical  eletnents  of  the  tissue  are  cellular,  except  in  the  nerves  formed  of 
gray,  or  gelatinous  fibres.  Under  the  general  division  of  nerve -4^ent res,  we  include,  ana- 
tomically at  least,  the  gray  matter  of  the  fcerebro-spinal  centres,  llje  ganglia  of  the  rooti 
of  the  spinal  and  certain  of  the  cranial  nerves,  and  the  numerous  ganglia  of  the  ajtnpft- 
thetic  system.  In  these  parts  are  found  cells,  which  constitute  the  essential  anat^^mical 
element  of  the  tissue,  granular  matter  resembling  the  contents  of  the  cell*,  pale  fibrvs 
originating  in  prolongations  of  the  cells,  elements  of  connective  tissue,  delicate  mem- 
branes enveloping  some  of  the  cells,  and  blood-vessels.  The  most  interesting  and  im- 
portant of  these  structures,  in  their  physiological  relations,  are  the  cells  and  the  prolon- 
gations by  which  tiiey  are  connected  with  the  nerves. 

Kertecflh, — Anatomists  are  now  pretty  well  agreed  that  tlie  following  varictie*  of 
cells  exist  in  the  nerve-centres  and  constitute  their  essential  anatomical  element*;  vii^ 
apolar,  unijiotar,  bipolar,  and  multipolar  cells.  Although  some  have  denied  the  existence 
of  apolar  celb,  there  can  be  little  doubt  of  their  presence  in  the  centres  in  small  nombvrtv 
and,  as  is  suggoste<l  by  Kolliker,  they  may  be  nerve'Cells  in  an  imfierfect  state  uf  dovtl- 
opment  The  nerve-cells  present  great  diiferences  in  their  size  and  genend  afipearanee, 
and  some  distinct  varieties  are  found  in  particular  portions  of  the  nervoxissAstirtn  and 
are  probably  connected  with  special  functions. 

Tlie  ai>oIar  cells  are  simply  rovmded  bodies,  with  granular  contenta»  a  nudeua  and 
nucleolus  like  other  cells,  but  without  any  prolongations  connecting  them  with  thenervt- 
flbreft.  They  have  been  observed  in  the  cerebro-spinal  centres  »Rd  they  always  exist  in 
the  sympathetic  ganglia.    Those  who  deny  their  existence  believe  that  the  poles  iiATt 
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been  detached  in  preparing  specimens  for  examination.  Unipolar  cells  exist  in  some  of 
the  lower  orders  of  animals,  but  their  presence  in  the  human  subject  is  doubtful.  Bipo- 
lar cells  are  found  in  the  ganglia  of  the  posterior  roots  of  the  spinal  nerves,  where  they 
are  of  considerable  size.  Smaller  bipolar  cells  are  found  in  tlie  sympathetic  ganglia. 
Multipolar  cells  present  three  or  more  prolongations. 

Small  cells,  with  three,  and  rarely  four  prolongations,  are  found  in  the  posterior  cor- 
nua  of  the  gray  matter  of  the  spinal  cord.  From  their  situation  tliey  have  been  called 
sensory  cells.  They  are  undoubtedly  found  in  greatest  number  in  parts  known  to  be 
endowed  exclusively  with  sensory  properties. 

Large,  irregularly-shaped  multipolar  cells,  with  numerous  prolongations,  are  found 
chieily  in  the  anterior  cornua  of  the  gray  matter  of  the  spinal  cord,  and  these  have  been 
called  motor  cells.    They  sometimes  present  as  many  as  ten  or  twelve  poles. 

With  all  these  differences  in  the  size  and  form  of  the  nerve-cells,  tliey  present  toler- 
ably uniform  general  characters  as  regards  tlieir  structure  and  contents.  Leaving  out  the 
apolar  and  unipolar  cells,  the  perfectly-developed  cells  are  of  an  exceedingly  irregular 
^hape,  with  strongly-refracting,  granular  contents,  frecjuently  a  considerable  number  of  pig- 
moutary  granules,  and  with  a  distinct  nucleus  and  nucleolus.    The  nucleus  in  the  adult  is 


Fro.  l^.—Xervt-ciU  from  the  ferruginawi  ituMance  irkich  formn  th^  floor  of  the  rhomboidal  Binm^  in  man; 
magnijied  8oU  diamtterit.    (KGlUkor.) 


almost  invariably  single,  although,  in  very  rare  Instances,  two  have  been  observed.  Cells 
with  multiple  nuclei  are  often  observed  in  young  animals.  The  nucleoli  are  usually  single 
hut  there  may  be  as  many  as  four  or  five.  The  strongly-refracting  contents,  the  peculiar 
sliape,  and  the  poles  or  prolongations,  give  to  the  nerve-cells  an  exceedingly  characteristic 
appearance,  which  is  represented  in  Fig.  182. 

The  diameter  of  the  cells  is  as  variable  as  their  form.  They  usually  measure  from 
iVrv  to  ylir  of  an  inch ;  but  there  are  many  of  larger  size,  and  some  are  smaller.  The 
nuclei  measore  from  y^  to  y^Vri  of  an  inch. 

The  nerve-cells  are  so  delicate  and  so  prone  to  alteration,  that  their  study  is  exceed- 
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inglj  difficult,     Soctiona  of  the  nerve-centres  mtist  be  prepared  with  great  cart,  mdj 
they  are  not  easily  riiude  trnd  preserved.     Iti  tiie  nuiueroQS  anatomical  lovestigattons  that 
have  been  made  within  the  last  few  years^  the  centres  have  generally  been  hanltm'd' 
artiticiaJly ;   and  ulnio^t  every  investigator  haa  used  different  [irocessts  and  rea|;ont«, 
which  ujay  a<!counr.  in  a  measure  for  the  differences  of  opinion  that  now  exist  upon  all 
points  connected  with  the  minute  anatomy  of  these  parts* 

There  is,  at  the  present  time^  considerable  discussion  with  regard  to  the  inttmnt^J 
structure  of  the  substance  of  the  nerve-cells,  their  nuclei  and  nucleuli^  and  the  p«jint*1 
involved  have  a  certain  amount  of  physiological  interest.    Id  the  first  place,  the  transversa 
striffi  in  tlie  aiis-cyllnder  treated  with  nitrate  of  silver,  noted  by  Frommann  and  contirme 
by  Grundry  and  others,  have  been  observed  by  Grandry  in  tbo  substance  of  the  nerve 
oeUs.     ^' bile  this  fact,  perhaps^  shows  that  the  substance  eootained  in  the  et^lU  and  tltelf 
prolongations  b  the  ^ame  as  the  substance  of  the  axi^cylinder,  as  we  stated  with  r^gar 
to  tbo  axis-cylinder,  it  is  possible  that  the  markings  may  be  entirely  artificial^  and  that " 
they  do  not  demonstrate  the  existence  of  two  distinct  Bubstances  in  the  tiaau^. 


The  most  interesting  question  with  regard  to  the  structure  of  the  nerve-celU  relate* 
to  the  mode  of  origin  of  their  fibres  or  poles.     Until  quite  recently,  these  have  been 
regarded  as  ftlmple  prolongations  of  the  ^mbstanoe  of  the  cells;  but  Jately  the  view  haa 
been  advanccfl  that  the  nerve-cella,  in  the  human  subject,  are  composed  of  regular  fibrilf 
continuous  with  the  poles  and  starting,  as  it  were»  from  tlio  nncleoli.    The  fibrillation  of| 
the  nerve-cells  and  their  prolongations  is  figured  by  Schultz©  in  an  articJe  in  on«  of  th« 
most  authoritative  of  the  recent  works  on  histology  (Strieker) ;  but  some  other  emineni 
observers  liave  failed  to  note  the  appearances  here  described,  at  least  in  the  burnao  anb-; 
ject  and  In  the  mammalia.     "With  our  pre«ient  knowledge  of  the  phy*iiolojry  of  the  ncrre* 
cells  the  (]uc'stion  whether  or  not  their  substance  be  fibrillated  has  little  moro  than  aa 
anatomical  interest ;  but  there  can  be  no  doubt  that  the  cells  in  some  of  the  lower  orderej 
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of  antmaljt  postern  striatioiis  mora 
Of  l*Ms  regular,  Thi^se,  iiide^Ml^ 
were  tleseribetl  soon  afur  the  cells 
Wore  discovi>red.  While  there  m 
no  tintitomist  who  denies  the  fact 
that  tht*  itubstanco  of  the  cells  h 
miirked  hy  striae  in  iriiiny  aiihiifllsi 
Uj«  existence  of  an  anahigoiid  ar« 
nuig^ment  in  the  human  subject 
"  '  *tfiih  Some  anatoinisti^ 
'  ze,  admit  the  Mrhitioni 
hiive  fill  led  to  connect  them 
ih  the  nnelei  and  nucleoli.  All 
Imit  that  they  are  demonstrated 
ith  ^eat  ditJiciilty;  and,  while 
ihij  question  lA  so  important  that 
it  can  hardly  be  neglected  in  8tudy- 
tnji;  tlie  physiological  anatomy  of 
'  r   ia  one  con- 

u<9  imi>o8i^lble 
>iUve  and  deflnita 


L  '> n n rrr lo n    of  the   S^r rrr- rrlls 
itith  f  A#  Fit*rft  and  trith  f^ch  other, 
-Althoogh  the  mode  of  connec- 
tion of  the  ncrve-celU  with  the 
tilw«  and  with  each  other  is  ono 
uf  ilii  tin»*it  inif^ortant^  in  ita  physl- 
:^  of  all  the  points 
(  Lc«i  with  the  mintit<j  nnat- 
if  the  nerve-centres,  it  is  im- 
nt  state  of  our 
0,  to  answer 
I  ulved  in  a  manner 

1*        .  tory.     A  full  dls- 

ctt*4k>n  of  the  ditferent  opinions 
and  th«  raetliod^  of  invciilit'atiun 
that  have  been  employed  would 
l^  out  of  [dace  in  thii*  work*  The 
dl<firtiJtk4«,  In  the  way  of  arriving 
fl'  information  npoo  these 

ij  I  re  the  folh)wing: 

L  The  ntrve-eclla  and  tlicir 
prolongs tion«i  are  so  delicate  and 
«A*tiy  torn  that  they  cannot  ha 
fAt<p*l  and  ft^lowed  for  any  con- 
rahle  distance,  and  theoretical 
Min Hid (f ration!^  are  constantly  re- 
qnired  to  fill  up  the  deficiencies 
1^  actual  observation. 

2.  fn  the  study  of  sections  of 
the  nenre-eentres,  the  ports  must  be  hardened  and  afterward  rendered  transparent  by 


«A*tJ 


Fw,  1*14.— AVf'r^wW/'owi  tht  antiri^  e^rftua  qf  (ht  wpfnnl  amt 
qf  tfif  r'l/f,  ftt  ftrrrxttttt /or  tt  *hort  Hm*  in  (o4wtd  strum  ;  ma^- 

a,  fi,  iLXlfrrytindcr  protonirttUott ;  6,  di  A,  A>  tmmrblns-  imiloncatl/oaA 
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reagents,  which  nnist  produce  more  or  less  change  in  the  stnictares;  and  it  secnis  an 
anatomicd  uuposaibiiitjr  to  make  these  sections  so  as  to  follow  out  the  prolongations  of 
the  cells  far  onoDgb  to  establish  beyond  doubt  their  exact  relations* 

These  two  coDsiderations  alone  are  suflicient  to  acconnt  for  the  nncertaiotx  fio  appuj^l 
ent  even  in  the  most  successful  in  v  est!  gat  tons  into  the  anatomy  of  the  central  nervousi 
system ;  and  wo  shall  content  ourselves,  in  view  of  these  facts,  with  giving  a  samiuaryj 
of  what  aeema  to  be  the  probable  relation  of  the  cells  to  the  fibres  of  origin  of  the  nervei] 
and  to  each  other. 

Apolar  cells*,  if  they  exist  at  all  and  be  not  cells  from  which  the  poles  have  beeouj<if  1 
separated,  are  simple^  rounded  bodies,  lying  between  the  fibres,  with  which  they  have  naJ 
other  relation  tlian  that  of  mere  contiguity.  Unipolar  cells  have  but  one  prolongation,,  J 
which  is  continuous  with  a  nerve-dbre.  It  is  not  certain  that  Uiese  exist  in  tlie  huinait  \ 
subject. 

Bipolar  cells  are  found  in  the  ganglia  of  the  posterior  roots  of  the  sipinal  nerves  and  itt  I 
some  of  the  sympathetic  ganglia.     In  many  of  the  lower  animal^^,  particularly  in  fishes*  I 
the  cells  of  the  ganglia  of  the  spinal  nerves  are  simjile,  nucleated  enlargements  in  th© 
iMMirse  of  the  sensitive  nerve-fibres,  and  many  anatomies  have  inferred  that  the  samoj 
arrangement  exists  in  man  and  in  the  mammalia ;  but  the  constitution  of  these  ganglia  \a\ 
the  higher  classes  of  animals  seems  to  be  entirely  different     In  the  first  place,  the  ro^^tAl 
of  the  spinal  nerves  at  the  ganglia  are  undoubtedly  reCmforced  by  the  addition  of  new  [ 
fibrej^  as  Kolliker  lias  shown  by  actual  measuremenU  the  roots  being  sensibly  larger  I 
beyond  the  ganii^lia,  while  the  filaments  of  entrance  and  exit  have  the  same  diameter,  f 
Direct  observation  upon  the  ganglia  in  man  also  fails  to  show  the  arrangement  which  i« 
so  clearly  demonstrable  in  fishe^^.   The  cells  in  the  posterior  roots  are  not  continuous  witJi 
the  fibres  passing  from  the  periphery  to  the  cord,  but  they  give  origin  to  new  fibres] 
generally  two  in  number,  which  sometimes  are  single,  and  sometimes  bifurcated,  an<l| 
which  pass,  in  by  fjir  the  greatest  number  of  instances,  if  not  in  fdl,  to  the  periphery. 

The  multipolar  cells,  with  three  or  more  prolongations,  are  found  in  all  of  the  gaiijclin,  1 
bat  they  predominate  largely  in  the  gray  matter  of  the  cerchro-spinal  centres.     It  is  the  j 
question  of  the  exact  mode  of  coDnection  between  those  cells  and  the  fibres  of  origin  uf  | 
the  cerebrO'Spinal  nerves  and  the  anion  of  the  cells  with  each  other  by  commissural  pro- 
longations, that  presenta  the  greatest  difficulty  tmd  uncertainty.     One  point,  which  Has 
been  raised  within  a  few  years,  is  with  regard  to  the  character  of  the  different  paletJ 
connected  with  the  same  cell.     In  ordinary  preparations  of  the  central  nervous  system,  [ 
it  is  impossible,  even  with  the  highest  available  magnifying  powers,  to  distinguish  any 
one  pole  which,  in  its  general  characters  and  connections,  is  different  from  the  others; 
yet,  some  anatomists  desert  lie   a  single   pole,  more  distinct  in   its  outlines  than  thu 
others,  which  does  not  branch  and  is  to  be  regarded  as  an  axis-cylinder.    The  other  poles 
are  supposed  to  be  of  a  different  character,  not   connected  wit^i  the  nerve-fibre*,  and 
always  presenting  a  greater  or  less  number  of  branches.     Tliese  views  are  accepted  by 
Sehultze,  who  gives  a  figure,  after  Deiters,  in  which  the  contrast  between  the  pole*  is 
represented  as  very  marked ;  but,  although  this  opinion  is  accepted  by  other  high  anUiari- 
ties,  it  is  not  easy  to  nnderstand  how  it  can  be  received  without  reserve,  when  it  is  fo 
difficult,  if  not  impossible,  to  follow  out  the  i>oles,  except  for  a  very  short  distance. 

With  our  present  means  of  investigation,  there  seems  to  be  no  doubt  with  regard  to  ] 
the  following  facts :  Tracing  the  nerve-fibres  toward  their  origin,  they  are  seen  to  lose 
their  investing  membrane  as  soon  as  they  pass  into  the  wliite  portion  of  the  centres,  being  ] 
hero  composed  only  of  the  medullary  substance  surrounding  the  axis-cylinder.     They 
then  |>enetrato  the  gray  substance,  in  tlie  form  of  axis  cylinders,  losing  here  the  medal-  | 
kry  substance.    In  the  gray  substance,  it  is  imjjossible  to  make  out  all  of  their  rela- 
tions distinctly,  and  we  cannot  assume,  as  a  matter  of  positive  demonstration,  that  all  I 
of  them  are  connected  with  the  poles  of  the  nerve-cells.      Still,  it  has  been  shown, 
in  the  gray  matter  of  the  spinal  cord,  that  many  of  the  fibres  are  actual  prolongaCiuni  1 
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Fte.  l^.—MuUipdar  ntrw-cell  firam  the  anterior  comu  of  the  tpinal  cord  o/the  oar;  tn€Qni/ted  200  diametert. 

(Deltcrs.) 

Of  azU-cyUnder  prolongation ;  &,  &,  6,  6,  &,  &,  branching  prolongations. 
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of  the  ccUa,  the  others  probahlj  (lassing  upward  to  be  conn ec ted  with  ccIU  I11I 
enccphiilon. 

Tracing  the  prolongations  from  the  cellis,  we  find  tlmt  one  or  roore  of  the  poles  limncbj 
and  siibdivido  iu  the  gray  substsmue  and  give  on^n  to  fibres,  but  that  thtse  fibres  do  I 
not  brnnc!i  after  thej  pass  into  the  whito  substance.  Other  poles  connect  the  nerv©*cdli-| 
with  each  other  by  cnuiniiasuraJ  fibres  of  greater  or  loss  length  ;  tut  U  has  never  been  [ 
positively  demonstrated  that  the  cells  are  thus  connected  into  separate  and  clistinet| 
groups,  although  this  is  poss^ible. 

The  accompanying  fignre,  taken  frona  the  excellent  monograph  on  the  lombor  enlarge* 


I  f. 


Cftmu  f^  thf  lUit' 
A^  flnlmoee  of  th«  uiUfrior  roota  into  lii«  mrnn  \  h,  b,  h,  tt,  r  1  by  louff,  n\»nA&r  pmowutwi  with  tJi»  iiit 

nor  rwyta.    Ifi  ink  dirunf,  nlmtMit  tvery  v(irk>ty  of  cvU  i.x.u.v.^..,.^  kuay  b«  teen,  nitb  bundle*  of  ttbfMflrwill 
In  cTAiy  lUrecUun. 


COMPOSITION  OF  TOE  NERVOUS  SUBSTANCE* 

oient  of  tlio  spinal  eord,  liy  Dcan^  shows  tb^  modo  of  cotmectlon  between  certain  of  the 
wlliilflr  j»roIr*n^ailons  and  tfio  fibres  of  the  anterior  rools,  and  thtj  eommlssQrui  tibre»  bj 
whicb  tbe  cells  ar<?  coniiected  with  emit  utber. 

Atc^Monj  AuaUmicat  KUme/itH  of  the  Nerife-e^ntrti, — While  we  must  regard  tbe  cells 
of  tbe  gray  mAtter  luid  the  axis-oylmder  of  tbe  nerves  as  probably  tbe  cioly  unulomictd 
clemetiU  concerned  in  innervation,  tbere  are  otber  structures  in  tbe  nervous  system 
H  bicli  it  i«  important  for  us  to  study,  Tbcae  are  tbe  folio  wing :  1,  Outer  coverings  »ur* 
n-  '»me  of  the  cells;  2»  intercellular,  granular  mutter;  3,  peculiar  corpuscles, 

ca  •Kbytes;  4,  connect! vo-ti^sue  ek'tuents;  5,  blood-ve^els  and  lymphatic»» 

Certuui  uf  tbe  cells  in  tbe  B[uual  piuglia  and  in  tbe  gangrlia  of  tbe  symputbetic  system 
are  enrrounded  with  a  nuck*ated  coveriuiz,  removed  a  certain  difttance  Irorn  ibe  cell  itself^ 
io  ns  to  be  nearly  twice  tbe  diameter  of  tbe  cell,  wbicb  is  continuous  witb  tbe  t»beatb  of  the 
dark- horde  red  tibreSt  This  membrane  is  alu  ays  nucleated^  and  KoUiker  has  lately  shown 
that  it  is  not  homogeneous,  as  was  at  one  time  supposed,  but  is  com|iiised  of  a  layer  of 
very  delicate  epithelium.     The  pbysiologicid  Ki»rnlli canoe  of  this  coverinj?  is  not  apparent. 

In  the  jrrAV  matter  of  tbe  nerve-centres,  there  is  a  linely  grjmular  Bubntanco  between 
the  ceUs»  wbicli  clo^Hjly  resembles  the  granular  cc^ntcnts  of'  tbe  cells  themselves,  lu  addi- 
_^n  to  thi*  gnmidar  matter,  Rt^bin  ba^  described  new  anatomical  clentent^  wbitb  be  bus 
Jled  myelocytes.  These  are  found  in  the  cerebro-spinul  centres,  forming  a  layer  near  the 
[luadary  of  the  wliite  substance,  and  tbey  arc  particularly  abundant  in  tbe  cerebellum. 
They  exist  in  tbe  Ibrm  of  free  nuclei  and  nucleated  cells,  tbe  free  nuclei  being  by  far  the 
more  numerous.  The  nuclei  are  ronnded  or  ovoid,  with  strongly  ^accentuated  borders, 
*rc  nnjiffected  by  acetic  acid,  linely  granular,  and  generally  witbout  nucleoli.  The  cells 
g,lkr  il   or  slightly  polybedric,  [mle,  clear,  or  very  slightly  granular,  and  contain 

'b  -;ir  to  the  free  nuclei*     The  free  nurlei  arc  from  3-,^  to  ^jni  *^^ ''^^  *"<^^  ^^ 

«h«iiit?U'r,  and  tbe  cells  measure  from  ^^^  to  j^Vo*  ^'itl  sometimes  y^  of  an  inch, 
Tlicse  elements  also  exist  in  tbe  sccnml  layer  of  tbe  retina. 

There  bas  been  a  great  deal  of  discusi^ion  witb  regard  to  tbe  presence  or  absence  of 
connective-tissue  elements  in  the  cerebro -spinal  centres.  In  the  otber  ganglia,  there  baa 
imver  been  any  doubt  with  regard  to  the  presence  of  connective  tissue  in  greater  or  less 
amotmi,  and  in  tbe  ccrebro-spinal  centres  there  can  be  hardly  any  question  of  the  exist- 
ence of  an  exceedingly  delicate  ntroma,  chiefly  in  tbe  form  of  stellate,  branching  ceUs, 
serving,  in  a  measure,  to  support  tbe  nervous  elements. 

The  bbjod- vessels  of  tbe  nerve-centres  fonn  an  exceedingly  graceful  canillary  net-work 
with  very  large  meshes.    The  gray  substance  is  mucli  riclicr  in  capillaries  than  the  white, 

A  remarkable  peculiarity  of  the  vascular  arrangement  in  the  cercbro-spinal  centres 
h^  already  been  described  in  connection  with  tbe  lyrapbntic  system,  Tbe  blood-vessels 
-Jiere  are  surrounded  by  wliat  have  been  cnllcd  perivascular  canals,  first  described  by 
obiD,  and  afterward  shown  by  His  and  Kobin  to  be  radicles  of  tbe  lymphatic  system. 


Composition  of  the  KervonB  Substance, 

Our  knnw  ledge  of  the  chemical  constitution  of  tbe  nervous  system  is,  in  many  regards, 
quite  unsiatisfactory ;  but  these  tissues  contain  certain  elements  that  have  been  very  satis- 
fiM^toHly  det«Tmined,  The  cbemieal  characters  of  cholesterine,  for  example,  have  long  been 
known  te  pbjsiologiHta,  as  well  aa  the  fact  that  this  principle  is  a  constant  constituent  of 
tJt<  uervou^  substtince,  united  in  some  way  with  the  other  proximate  principles,  so  that 
it  docs  not  appear  in  a  crystalline  form.  Since  we  demonstrated,  in  1802,  tbe  relations 
of  ell<^c^nt>e  to  the  processes  of  disas^'simihiti«)U,  this  principle  has  assumed  its  proper 
pttee  ifi  one  of  the  most  important  of  the  prwlncts  of  physiological  waste  of  the  organ- 
IttiL  Tlie  origin  and  function  of  cholesterine,  witb  tbe  processes  for  its  extraction  from 
tbo  ftoid:3  and  tissue  of  tbe  body,  have  been  fully  considered  under  the  bead  of  excretion. 


584 


NEEVOUS  SYSTEM. 


Regarding  cholesteriiie  as  an  e^EGrenientitiouj^  prodaet^  to  be  class^^d  witb  priQclpte* 
destined  simply  to  be  eliminated  from  the  organism,  the  nerve-stibslftnce  proper  baa  been 
found  to  contain  the  tbllowing^  proximate  princii>lea,  the  chetnical  propertie>s  uf  wUiib 
have  been  more  or  less  aecurately  determined ;  viz.,  protagon,  nenrine,  fatt  j  matters 
combined  with  phosphorus^  and  base»  combined  witb  peeuUar  fatty  acids. 

Protagon, — This  principle  was  discovered  by  Liebreit  h  and  was  first  described  in  1S05. 
Its  formula  is  CmHauOMNiP,  It  may  be  extracted  by  tbo  faltawing  process:  The  cere- 
bral substance  is  bruised  in  a  mortar  and  afterward  sbukeu  witb  water  and  ether  tn  ft 
closed  vessel.  The  mixture  is  then  expoised  to  a  teujperaturo  of  32°  Fabr,,  and  tlio 
ethereal  layer,  containing  choleeterine,  is  remt>ved.  The  ins<:»loble  mass  is  then  extracted 
with  alcohol  (S5  per  cent.)  at  113^,  is  a^^ain  filtered,  and  is  exposed  to  a  temperature  o| 
83®,  An  abundant  pre^^ipitat^  then  separate*,  which  is  washed  witb  ether  and  desiccate 
in  taeuo.  The  protagon  is  thus  obtained  in  the  form  of  a  white  powder.  Since  tbt^ 
principle  has  been  described  in  the  brain-substance,  a  compound  analogrons  to  if  nc 
identical  with  protagon  has  been  discovered  by  Hermann  in  the  blood-corpuM^left,  Id 
its  general  and  ehemicid  charaett  rs,  protairon  resembles  the  albuminoid  proximale  prin«^ 
ciples;  but  it  presents  the  remarkable  difference,  that  the  sulphur,  whiili  exists  in  manj 
of  the  princi|dea  of  tJiis  class,  h  replaced  by  phosphorus.  It  is  stated  by  Robin  that  pr 
to^on  i»  not  a  true  proximate  priDciple  bnt  is  simply  impure  or  imperfectly-prcparfd 
lecithcne. 

Xeurinr, — This  name  has  been  applied  in  a  nuiicr  indefinite  principle  ^iftMi-.d  tc 
represent  the  alhnmiuoid  element  uf  the  nervous  tii>sue  ;  but  its  character*  a^  :i  [  r.  xjinstl 
constituent  of  the  nerve-substance  have  never  been  well  determined,  Kobin  and  Verdeil 
jdace  neurine  among  the  proximate  principles  of  probable  existence,  Accordinj^  to  the*^« 
authors,  this  is  the  organic  substance  of  the  brain,  not  soluble  in  aleohoL  When  ineimr^ 
ated  it  does  not  leave  a  residue  impregnate*!  witii  phosphoric  acid,  like  the  cerebral  fattj 
matter.  According  to  more  recent  investigations,  particularly  tliose  of  Liebreicb,  neurin^ 
is  a  derivative  of  protagon.  The  nenrine  of  Liebreich  is  obtained  by  boiJiog  protairon 
for  twenty -four  hours  in  baryta-water,  when  there  are  fonued  the  phospbo-gly  cerate  uf| 
baryta,  and  a  now  base,  Denrine,  It  is  evident  that  this  substance  cannot  propc^rij  1 
regarded  as  a  welbdetermined  proximate  principle. 

The  observations  of  Wurtz  upon  the  synthesis  of  nenrine  are  important  as  a  step  tow  J 
ard  the  synthesis  of  organic  nitrogen ized  principles,  but  they  do  not  aflord  an  tfXampli 
of  the  actual  fomiation  of  a  characteristic  nllrogenized  constituent  of  the  nervc-ti«*oe, ' 
They  simply  show  that  the  chlorobydrate  of  an  artificial  organic  compound  present*  < 
tals  identical  with  the  chlorobydrate  of  nenrine  extracted  from  the  brain. 

Cerebral  Fattif  Principles. — Hesearcbes  into  the  composition  of  the  fatty  prindple 

found  in  the  nerv«>os  substance  have  been  so  indefinite  and  unsatiKfactory  in  their  rc^dt^s 
that,  even  now,  they  possess  but  little  physiological  interest.  In  the  earliorobi^^rvalioii*,^ 
the  fats  extracted  from  the  nervf-tissue  were  generally  combined  with  rhole«4erine. 
This  substance  has  now  been  jf*ohitcd,  and  the  residue  contains  a  variety  of  principles, 
which  seem,  under  physiological  conditions,  to  be  intimately  united  w*itb  the  nitrogen- 
ized  substance,  presenting  one  of  the  exceptions  totlie  general  law  that  fats  exi»l  in  tlie 
body  nncomblncd  except  with  each  other.  In  this  mai*s  of  fatty  matter,  we  i^an  deter- 
mine  the  presence  of  oleine,  margarine,  and  stennne;  hut  these  are  courbined  with  other 
fats,  fatty  acids,  etc,  the  remarkable  peculiarity  of  most  of  which  is,  that  they  contiiin 
a  certain  proportion  of  phosphorus.  Tliese  peculiar  principles  have  i-eceived  a  variety 
of  names,  as  tliey  have  been  described  more  or  loss  minutely  by  different  observer?,  such 
as  cerebrine,  white  and  red  pho?»p]»orized  fat,  lecithene,  cerebric  acitl,  and  cerebrate  of 
soda.    The  application  of  most  of  these  names  is  very  indefinite,  and  when  we  say  tliat 
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tfiif  OTbstanees  are,  in  greatest  port,  peculiar  to  tbe  nervous  tissue,  and  that  they  contain 
p!ia'5phoi-us^  WG  have  stated  about  all  that  is  iihysiiDlagirally  important.  LecUheno  ia  a 
neutral  phosphurized  fat,  probably  composed  of  iv  number  of  different  fatty  principles, 
wliif^h  exbts,  not  only  in  the  nervous  sabstanco,  but  in  the  blood,  bile,  and  th«  yolk  of 
egg,  Ita  cheniieal  Iiistory  baa  no  phyBiolog^ctd  interest.  It  is  said  to  be  identical  with 
priita^oD  (Bobin).  TJie  same  may  be  said  of  eerebric  acid,  the  cerebrate  of  so^Ja,  of  oleo* 
phosphonc  acid  and  ita  conipounils  with  soda  and  Hme. 

Cturpora  Amylaem, — Little  rounded  or  ovoid 

bodies,  about  x^^^  of  an  iiieb  in  diameter,  have 

been  descHlied  by  Virchow  and  others  as  exi.st- 

ing  normally  in  the  corpora  striata,  the  medulla 

obiangata,  and  in  some  other  parts  of  the  cere- 

bro  spinal  system.     With  regard  to  the  actual 

composition  of  thtsso  bodies,  there  is  consldern- 

ble  diff^rcjuce  of  opinion.     Virchow  and  muny 

others  regard  them  as  identical  with  atarcb,  the 
.grannies  of  which  they  certainly  resemble  very 
moscly,  being  of  the  same  shape,  with  borders 
dotinetl^  frequently  presenting  concentric 
linfD  and  a  hilum.     When  carefully  treated, 

first  with  a  solution  of  iodine  and  then  with  a 

little  sulphuric  acid,  they  assume  a  blue  color. 
Coomo  observers  cousuier  them  aa  analogous  to 

IfclJulose^  others  have  supposed  that  they  are  formed  of  cholesterine,  and  others  regrvril 
^Ihem  m  nitrogemzed  bmliei*.     These  points  are  of  purely  anatomical  interest,  and  tlio 

physiological  relations  of  these  bodies  are  not  known. 


Regeneration  of  the  Nervous  Tissue, 

We  do  not  propose  to  discuss  fully  the  question  of  the  regeneration  of  nerves  after 
aection  or  even  excision  of  a  portion  of  their  subsitance,  ai though  it  is  one  of  great  patho- 
logical interest;  but,  in  this  connection,  we  shall  refer  to  some  experiments  receutly 
madc^  in  which  it  appears  that  it  is  possible  for  certain  of  the  most  important  of  the 
nerve-centres  t^i  be  regenerated  and  tlieir  iimction  restored  after  extirpation. 

With  regard  to  the  sim(de  reunion  of  nerves  after  division  or  excision,  it  lias  long 

been  known  that  this  takes  plaie  in  the  human  subject  and  in  the  inferior  animals,  with 

(fcstoratian  of  funetion.     Tlie  now  tissue  coimecting  the  divided  extremities  of  the  nerro 

eiDS  to  pass  through  tlie  regidar  stages  of  development  observed  in  the  nerve-tissue  of 

be  embryon,  the  gelatinous*  fibres,  or  the  fibres  of  Remak,  first  appearing,  and  these 

eing  subsequently  developed  into  true  nerve-tubes.     In  this  process  there  ij^  not  a  cica* 

trix,  OS  in  the  skin  or  muscular  tissue,  but  n  development  of  new  elements  possci^ising  the 

analorairal  and  physloloL^lcal  characters  of  the  original  structure. 

A  point  of  considerable  physiological  interest  connected  with  the  regeneration  of  the 
T  i -sue  is  involved  in  the  recent  observations  of  Voit  upon  the  regeneration  of 

T  nd  lobes  after  removal  in  a  pigeon,  and  in  those  of  Masius  imd  Vanlair  upon  the 

aniitomic^d  and  f\mctionul  regeneratii>n  of  the  -spin;d  cord  in  frogs. 

The  experiments  recorded  by  Voit,  and  Ida  deductions,  are  very  curious  and  have 
^vm  ri*©  to  a  great  deal  of  comment  and  criticism.    In  one  observation^  the  cerebral 
ohti9  were  removed  from  a  young  pigeon  in  the  usual  way»  an  operation  very  easily  per- 
formed, and  one  which  we  practise  yearly  as  a  chiSv^-demonslration.     It  is  particularly 
atcd  that  the  operation  wa*^  complete,  and  that  the  entire  posterior  lobes  were  removed. 
[Immediately  after  the  operation,  the  pigeon  presented  the  condition  of  stupor  ordinarily 
red.    As  he  gradually  recovered  from  tins  condition^  he  began  to  execute  a  number 
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of  mecbacirrii  im^vvntt  uts.  trbjch  it  h  unnecessary  to  detail  fully,  in  the  roost  citraor- 
dinary  umiiner.  The  uuimal  continued  to  improve,  ceuj*ed  tbe  rneclmuieul  moTement*^ 
and  hc^'an  to  tly  about,  exbibiting  tiuiidity  when  upproacbed,  and,  in  sburt^  beumed,  afttr 
a  time,  to  have  nearly  or  quite  returned  to  the  normal  condition.  One  thing,  however, 
was  remarked:  the  animal  never  took  food  (it  waa  probably  kept  alive  by  stuffing,  as  in 
frequently  done  in  such  expenmentf*).  After  five  months^  the  pigeon  was  killed.  Tb^s 
cranial  cavity  wm  found  to  be  fiUeil  with  a  wliito  mass,  occupying  the  pbice  from  which 
the  cerebrum  had  been  removed.  This  mass  had  tlie  consistence  of  the  white  substance 
of  the  brain  and  presented  a  perfect  continuity  with  the  cerebral  peduncles,  which  bad 
not  been  removed.  It  luid  the  form  of  the  two  hemispheres,  presenting  a  cavity  filicnl 
with  liquid,  and  a  septum.  The  whole  mass  consisted  of  perfect  j>rimitive  tibret*  of  double 
cantour,  and,  in  their  meshes,  gaDglionio  celk.  This  observation  is  certainly  one  of  the 
moat  remarkable  on  record,  and,  from  the  extraordinary  character  of  it*  results,  it  would 
hardly  be  accepted  for  a  moment,  but  for  the  established  reputation  of  Prof.  Voit.  As 
it  is,  such  an  observation  demands  full  confirmation.  It  is  well  known,  to  all  wbo  hove 
been  in  the  habit  of  extirpating  the  cerebral  lobes,  that  it  is  absolutely  necef^sary  to 
remove  ©very  portion  of  their  substance,  in  order  to  obtain  uniform  results,  and  iliat 
this  is  accomplished  sometimes  with  considerable  difficulty.  Jn  demonstrations  to  u 
medical  clans,  we  have  frequently  veritied  tliis  fact,  ami  have  ol>served  recovery,  moroi 
or  less  complete^  when  but  a  small  portion  of  the  posterior  lobes  escaped.  This  criticism 
upon  the  remarkable  observation  just  dctaifed  is  made  by  Vulpiau,  arjd  its  pertinence 
will  be  recognized  by  every  practical  physiologist.  We  have  only  to  study  the  experi- 
nienta  first  made  by  Flourens,  to  learn  how,  in  the  lower  animals,  a  part  of  one  of  the 
great  central  ganglia  may  gradually  assume  the  function  of  the  whole,  after  tlii«  function 
has  been  interrupted  by  the  first  mutilation.  Wo  have  cited  the  esj-jcntial  points  in  this 
observation  because  it  has  been  ^o  extensively  commentLd  upon  hy  physiologists,  but  it 
13  far  from  establishing  the  principle  that  a  great  nervous  centre,  like  the  cerebrum,  may 
be  flnatomically  and  functionally  regenerated  alter  complete  extirpation. 

The  general  results  of  the  experiments  of  Masius  and  Vonlair  upon  the  regcDeratioa 
of  parts  of  the  spinal  cord  in  frogs,  after  loss  of  a  small  portion  of  its  substance,  show 
that  such  reparation  may  take  place  and  be  attended  with  restoration  of  function.  The 
formation  of  cells  precedes  the  development  of  fibres^  and  voluntary  motion  appears  in 
the  porta  situated  below  the  lesion,  before  sensation.  There  are  no  instanc<*s  on  record 
of  such  regeneration  in  the  human  subject  or  in  the  warm-blooded  animals. 


Motor  and  Sensory  Ntrves, 

The  physiological  property  of  nerves  which  enables  them  to  condncl  to  and  from  the 
centres  the  impressions,  stimulus,  force,  or  whatever  the  imponderable  nervous  agent 
may  be,  is  one  inherent  in  the  tissue  itself,  belonging  to  no  otlier  stnxcture,  and  la 
dct>endent  for  its  continuance  upon  proper  conditions  cf  nutrition.  So  long  as  the  n<rrvti 
maintain  these  condition^  they  retain  tins  cljunicleristic  physiological  property,  which 
is  generally  known  under  the  name  of  irritability. 

Aside  from  the  special  senj^es,  the  sense  of  teniiierature,  and  the  appreciation  of 
weight,  it  is  known  to  every  one  that,  through  tbo  nerves,  we  appreciate  what  *r© 
called  ordinary  sensations  and  are  enabled  to  execute  voluntary  movements.  If  a  nerve 
distributed  to  a  part  endowed  with  sensfition  and  the  power  of  motion  be  divided,  both 
of  these  properties  are  lost  and  can  only  be  regained  through  a  reunion  of  the  dtvidtd 
0erve.  Again,  it  is  equally  well  known  that,  if  such  n  nerve  be  exposed  in  its  coorso 
and  irritated,  violent  movements  take  place  in  the  mus<^le9  to  which  it  i*  di^lribntid, 
and  pain  is  appreciated,  referred  to  parts  supplied  from  the  same  source.  Tbe*e  facts, 
which  were  ftdly  appreciated  by  the  aucients,  show  that  the  general  system  of  nerves  ijs 
endowed  with  motor  and  sensory  propertiea,  the  question  being  simply  whether  Uic§e  bo 
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inherent  m  the  same  fibres  or  belong  to  fibres  phygioJogically  distinct  and  derived  from 
ditlereut  parts  of  die  central  system.  This  question,  winch  was  solved  only  about  bjdf  a 
coniury  ago^  will  be  the  first  to  engage  our  attention, 

Diitinei  Seat  of  the  Motor  and  Semory  Prop^rtia  of  the  Spinal  Kertes, — All  of  tlio 
nerve*  tlmt  take  their  origin  from  the  spinal  cord  are  endowed  with  motor  and  sensory 
properties^  These  nerves  supply  the  whole  body,  except  the  head  and  other  pasts 
r«?ceivini:  branches  from  the  cranial  nerves.  They  arit?o  by  thirty^onc  pairs  from  the 
iitlea  of  the  spinal  eord,  and  eaeh  nerve  has  an  anterior  and  a  posterior  root.  The  ana- 
lomical  differences  between  the  two  roots  are  that  the  anterior  is  the  siualler  and  has  no 
|IB|giion.  The  larger,  posterior  root  presents  a  ganglionic  enlargement  in  the  interver- 
telvml  foramen.  Just  beyond  the  ganglioUf  the  two  roots  coalesce  and  form  a  single 
tnmk.  The  nerve-fibres  in  the  two  roota  are  not  of  the  same  size,  the  anterior  fibres 
meiAirizig  on  an  average  about  one-fourth  more  than  the  posterior  fibres.  The  structure 
of  the  ganglia  of  Uie  posterior  roots  has  already  been  considered  sutlicieotly  in  detail* 

It  would  be  unprofitable  to  discuss  the  yague  ideas  of  the  older  anatomists  and  physi- 
ologists with  rogrtrd  to  the  properties  of  the  roots  of  the  spinal  nerves,  and  we  can 
4ate  our  information  upon  this  point  from  the  suggestion  of  Alexander  Walker,  in  1809, 
that  one  of  theae  roots  was  for  sensation  alono  and  the  other  for  motion.  It  is  most 
rimiirkable,  however,  that  Walker,  from  purely  theoretical  considerations,  should  have 
ttatod  that  the  posterior  roots  were  njotor  and  tlje  anterior  roots  aensory,  precisely  tlio 
rorerse  of  the  truth,  and  should  have  advanced  this  view  in  a  publication  us  late  as 
ISH,  In  the  work  alluded  to,  which  contains  some  of  the  most  extraordinary  pi^eudo- 
fcientific  vagaries  ever  published,  it  is  curious  to  see  how  near  Walker  came  to  the  grt'at- 
est  dij^covery  in  physiology  since  the  description  of  the  circulation  of  the  blood. 

It  is  unnecessary  to  enlarge  upon  the  importance  of  the  discovery  that  the  anterior 
of  the  spinal  nervet  are  motor,  and  the  posterior,  sensory,  and  that  the  union  of 
two  roots  in  the  mixed  nerves  gives  them  their  double  properties,  for  we  can  hard- 
ly imagine  a  physiology  of  the  cerebro-spinal  nervous  system  without  this  fact  ns  the 
Btarting-point*  In  an  article  published  in  English,  in  October,  1808,*  and  in  French, 
daring  tiie  same  year,'  we  have  given  an  elaborate  review  of  the  whole  subject,  being 
,|ironipt*:il  to  do  so  by  the  perusal  of  what  purported  to  be  an  exact  reprint  of  the  orifp* 
pnmphlet  by  Charles  BelL  This  pamphlet  waB  printed  for  private  circulation,  in 
l**n,  and  was  never  published.  It  has  been  entirely  inaccessible,  and  its  contents  were 
only  to  be  divined  by  references  and  quotations  in  the  subsequent  writings  of  Sir  Charles 
Bell  and  of  his  brother-in-law,  Mr.  Shaw. 

Physiological  literature  does  not  present  another  instance  of  the  merit  of  a  great  dis- 
coTerj  resting  upon  references  to  an  unpublishtHl  pampldet,  wliich  no  student  could  pos- 
sibly consult  in  the  original,  none  of  these  references,  upon  close  analysis,  proving  to  bo 
entirely  distinct  and  satisfactory.  It  is  not  to  be  wondered  at,  therefore,  that,  in  our 
idy  of  the  origin  of  one  of  the  greatest  discoveries  of  all  ages,  a  reprint  of  the  originttl 
moh  should  be  examined  with  the  most  critical  care.  That  this  reprint  was  correct, 
iraed  probable  from  a  comparison  of  its  text  with  the  ([uotations  from  the  origiiuil  tt» 
found  in  the  writings  of  Sir  Charles  Bull  and  Mr.  Shaw,  and  from  the  testimony  of 
reviewers  who  claimed  to  have  compared  it  with  the  original.  Within  a  short  time^ 
wever*  an  authorized  reprint  in  full,  from  a  naanuscript  in  the  hands  of  the  widow  of 
e  autlmr,  has  appeared  in  the  Journal  of  Anatmny. 
When  the  only  reprint  of  the  celebrated  pamphlet  of  Sir  Charles  Bell  wjis  itself  exces- 
sively rare,  we  thought  it  desirable  to  make  long  quotations  to  indicate  the  ideas  enter- 
t^ned  by  Bell  regarding  tlie  properties  of  the  two  roots  of  the  spinal  nerves ;  but,  now 

*  FLtiTT,  iTe^  ITintoHwl  Conirider'att&n*  conrfmtnff  the  Propfrtie*  qftht  liooU  qf  th€  SpimU  KtPftt^Quat^ 
ttrif  Jimmnl  </  Pwyrknlogicat  Medicine,  Now  York,  1^^,  vol.  \U  p^  0*3fi,  ft  »*q, 

*  Joysmat  d0  tanaUftnic,  Pftrtft,  laftS,  toino  t.,  p,  &2tt,  ^  seq.,  uul  p.  5TSi,  et  iwg. 
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that  an  authorized  reprint  can  be  so  readily  consulted,  it  is  onJj  necessary  to  refer  to 
tilts  to  bhow  that  Bt^ll  did  not  at  that  time  regard  tbe  anterior  roots  as  motor  and  tJje 
posterior  root*  as  sensory^  but  that  iie  thought  that  the  anterior  roots  were  for  botli 
motion  and  sensation  and  tht*  posterior  roots  presided  over  **  the  secret  operaiiuns  of 
the  bodily  frame,  or  tb©  connections  which  unite  the  parts  of  the  body  into  a  system/" 

In  August,  1822,  Magtndie  published  his  tirst  experiments  upon  the  functions  of  tlie 
roots  of  tlie  nerves.  Unlike  any  of  the  observations  made  by  Charles  Bell  m>on  the 
spinal  nerves^  these  were  made  iipon  living  animals.  The  s]:iinal  canal  was  opened,  and 
the  cord,  with  the  roots  of  the  nerves,  was  exposed.  The  posterior  roots  of  the  lumbar 
and  sacral  nerves  were  then  divided  upon  one  side  and  the  wound  was  nnitcnl  with 
fluturea.     The  result  of  this  observation  was  as  follows : 

**I  thought  at  tirst  that  the  limb  correspondjop  to  the  divided  nervee  was  entirely 
paralyzed ;  it  was  insensible  to  pricking  and  to  the  most  severe  pinching,  it  also  appeared 
to  me  to  be  motionless;  but  soon^  to  my  great  surprise,  I  saw  it  move  in  a  very  marked 
manner,  although  the  sensibility  was  still  entirely  extinct,  A  second,  a  third  experi- 
ment, gave  me  exactly  the  same  result;  I  coiiinienced  to  re^rard  it  as  probable  that  the 
posterior  roots  of  the  spinal  nerves  might  have  functions  JiiSerent  from  the  anterior  root j, 
and  that  they  were  more  particularly  devoted  to  sensibility." 

The  experiment*  in  which  the  anteriur  roots  were  divided  were  Ho  less  strikit'g: 

"  As  in  the  preceding  experiments,  I  only  made  the  division  upon  one  side,  in  order 
to  have  a  term  of  comi^arison.  One  can  conceive  with  wliat  curiosity  I  followed  Uj© 
effects  of  this  division  ;  they  were  not  at  all  doubtful,  the  limb  was  completely  motion- 
less and  llaceid,  while  it  preserved  a  marked  sensibility.  Finally,  that  nothing  should  be 
neglected,  I  divided  at  the  same  time  the  anterior  and  tlie  posterior  roots ;  then  followed 
absolute  loss  of  sensation  and  of  motion." 

From  these  experiments  Magendie  drew  the  following  conclasions : 

**  I  am  following  out  my  researches,  and  shall  give  n  more  detailed  account  of  them  in 
the  fullowing  number ;  it  is  sufficient  for  me  to  be  able  to  announce  at  [iresent  as  j)c«sittve^ 
that  the  anterior  and  the  posterior  roots  of  the  nerves  which  arise  from  the  spinal  cord 
have  different  functions,  that  the  posterior  seem  more  y^articularly  devoted  to  sensibility, 
while  the  anterior  seem  mr»ro  especially  connected  with  motion." 

In  the  second  note,  published  in  the  same  volume  of  the  Journal  df.  jthyittohffU 
(1822),  Magendie  exposed  and  irritated  the  two  roots  of  the  nerves,  with  the  following 
results : 

**  I  commenced  by  examining  in  this  regard  the  posterior  roots,  or  the  nerves  of  »ifn- 
sation.  The  following  is  tlie  result  which  I  observed:  on  pinching,  pulling,  or  pricking 
these  roots,  the  animal  manifested  pain ;  but  this  was  not  to  bo  compared  as  regatnls 
intensity  with  that  which  was  developed  if  the  spinal  cord  were  touched,  even  lightly^ 
at  the  point  of  origin  of  the  roots.  Nearly  every  time  that  the  posterior  roots  were  tijoa 
stimulated,  contractions  were  f>rodnced  in  tlie  muscles  to  which  the  nerves  were  distrib- 
uted ;  these  contractii>ns,  liowever,  are  not  well  marked,  and  ore  infinitely  more  feeble 
than  when  the  cord  itself  is  touchech  When,  at  the  same  time,  a  bundle  of  iht?  posterior 
root  is  cut,  there  is  produced  a  movement  in  totality  in  the  limb  to  which  the  luiDdle  b 
distributed. 

*'  I  repeated  the  same  ex|*eriments  on  the  anterior  roots,  and  I  obtained  analogfrtis 
results,  but  in  an  opposite  sense ;  for  the  contractions  excited  by  the  contusion,  the  prick- 
ini?»  etc,,  are  very  forcible,  and  even  convulsive,  while  the  signs  of  sensibility  are  lianily 
visible.  These  facts  are,  then,  confirmatory  of  those  whicli  1  have  announce*! ;  only  they 
seem  to  establish  that  sensation  is  not  exclusively  in  the  posterior  roots,  au;^  more  than 
motion  in  the  anterior  roots.  NevertheleKs,  a  difliculty  may  arise.  When,  in  the  pre- 
ceding  experiments,  the  roots  had  been  cut,  they  were  attached  to  the  spinal  cord.  Might 
not  the  disturbance  communicated  to  the  cord  be  the  real  cause  either  of  the  contrac- 
UoDs  or  of  the  pain  which  the  animals  experienced?    To  remove  this  doubt,  I  repeated 
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^  the  exp4^rim«»^ts  after  bavki|t  sepftrated  tLe  roots  from  tiie  cord ;  and  1  must  say  tlijit, 
tc^pt  iti  two  iLtiimalSf  tu  whicb  I  ^nw  ctrntractiuns  wLen  1  pinclied  or  puUed  lliu  aatefior 
^tnd  posterior  roots,  m  all  the  otlier  iusttinces  I  did  not  observe  any  sensible  effect  of  inita- 
tion  of  the  anterior  or  posterior  roots  thus  !4ep:irated  from  the  cord/' 

Mii^'adie  then  goes  ou  tu  say  (hut,  wheu  he  publij*hed  the  note  in  the  procedin<j  narn- 

lM»r  of  f  hf*  journul^  he  supposed  that  he  wiis  the  tirst  who  had  thought  of  cuttiug  the  ri>oU 

i;il  uerve;*;  hut  he  was  soon  undeceivt*d  by  a  letter  from  Mr,  Shaw,  who  imitated 

Hid  divided  the  roots  thirteen  years  before.     Magendie  afterward  received  from 

ir.  Shaw  a  copy  of  Heira  estsny  ("  Idea  of  a  "Sow  Anatomy  of  the  Brain"),  and,  rifi  will 

[  6e^u  by  tlie  fuUowing  extract^  gave  BelJ  full  credit  for  all  his  observations : 

*'It  ia  seen  by  this  quotjition  from  a  work  which  J  could  not  be  acquainted  with,  inas- 

f  iDQcli  as  it  had  not  been  publisshed,  that  Mr,  Bell,  led  by  his  iujffcnious  idean  concerning 

lie  nervous  system,  was  very  near  discoveriuf^  the  functions  of  the  spinui  roots;  still  the 

.  that  the  anterior  are  devoted  to  movemeiiti  while  the  posterior  bdonji  more  particu- 

arly  to  sensation,  seems  to  have  escaped  him  ;  it  is,  tlieu,  to  having  e.^abh^hcd  this  fact 

io  a  positive  manner  that  I  must  limit  my  preten^tonsJ* 

Such  are  the  experiments  by  which  the  properties  of  the  roots  of  the  spinal  nerves 
wore  discovered.  From  that  time,  the  fact  took  it9  pluce  in  science,  that  the  posterior 
roots  are  lor  sensation  and  the  anterior  are  for  motion.  Some  discussion  lias  arisen  as  to 
whether  the  anterior  roots  do  not  possess  a  certain  amount  of  senaibility,  called  recur- 
ent  Bensibility,  and  this  i]ue8tion  has  enpaj^ed  tlie  attention  r»f  [physiologists  within  a  few 
fears;  but  the  distinct  functions  of  the  two  rtjota  have  never  been  douhted.  Before  the 
irs  uf  ana?stheticB,  exposing  the  roots  of  the  nerves  in  the  dog  was  very  laborious,  and 
Fpiiinful  to  the  animal,  and  the  disturbances  produced  by  so  serious  an  operation  interfered 
s«>niewhat  witli  the  effects  of  irritation  of  the  different  roots.  But,  now  that  Iho  canal 
may  be  opened  without  pain  to  Uie  animal,  the  experiments  are  much  more  satistactory 
and  have  often  been  repeated  by  physiologists.  Wo  have  frequently^  indee<3,  demon- 
strated the  properties  of  the  roots  of  the  nerves  in  public  teaching, 

Proper tU4  of  the  Poaterior  Boots  of  the  Spinaf  *\Vrrt'«.— It  is  unnc(>e8sary  to  follow 
out,  from  ^he  date  of  the  first  expcrimonta  by  Mugendic  to  the  presenl  day,  the  observa- 
tioas  that  have  been  made  from  time  to  time  tipon  tlie  properties  of  the  roots  of  the 
vpinal  nerves.  For  many  years,  the  difliculties  in  operating  upon  animals  high  in  tho 
u'nia  r**mlered  confirmatory  experiments  somewhat  unsatisfactory.  The  great  Germaii 
pbjfiologist,  J,  ilaller,  showed,  in  experiments  made  upon  frogs^  in  1831,  that  irritation 
of  the  posterior  roots  produced  no  convulsive  movements ;  hot  lie  despaired  of  operating 
«itig(atnorily  upon  warm-blooiled  animals,  Magendie,  in  his  later  experiments*  and 
Luaget,  in  experiments  performed  upon  dogs,  published  in  1841,  show^ed  very  satiKfactJUTly 
Uiiit  tU**  posterior  roots  were  exclusively  sensory,  and  this  fii£t  has  been  abundantly  con- 
Triore  recent  obscrvjitions  upon  the  higher  classes  of  animals.  We  ha\  o  our- 
juently  exposed  and  irritated  the  roots  of  the  Bervos  in  d<^gs  in  public  demon- 
stmucms,  in  experiments  npon  the  recurrent  sensibility  of  the  anterior  roots,  and  in 
*iflo»tber  ISeries  of  observations  npon  the  properties  of  the  spinal  cord,  wtiich  will  be 
referred  to  hereafter. 

The  remarkable  anatomical  peculiarity  of  the  posterior  roots,  which  they  have  in 
common  with  all  of  the  exclusively  sensitive  nerves,  is  the  presence  of  a  ganglion.  While 
»<*liaie  no  tlislinct  idea  of  the  function  of  these  ganglia  in  connection  with  tlio  trans- 
mi&iicm  of  inipres^ions  from  the  periphery  to  the  centres,  it  has  been  shown  tliat  they 
^ft  a  remarkable  influence  upon  the  nutrition  of  the  nerves  after  their  division.  Oper- 
^\mg  upon  the  second  cervical  nerves,  in  which  tlie  ganglia  can  be  reached  without 
*«f»osiDg  the  sj)iual  cord,  Waller  has  demonstrated  the  following  interesting  facts : 

Whvfi  the  roota  are  divided  between  the  ganglion  an*l  the  cord^  the  central  end  of  tho 
Antenar  root,  attached  to  the  cord,  preserves  its  normal  strnctnre,  while  tlie  peripheral 
«ia1  in  a  few  dayi  becomes  degenerated,  the  tubes  are  filled  with  granular  matter,  etc.,  and 
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in  flkhort,  it  undergoes  tliose  changes  observed  in  all  nerves  separated  from  their  centfea. 
On  the  other  hand,  in  tlie  posterior  roots,  the  end  attached  to  the  cord  undergoes  degen- 
erntion^  and  the  peripheral  end,  the  one  to  wLich  the  ganglion  is*  attached,  preserve*  its 
normal  histolojric:il  characters.  From  these  ex])erimeata,  which  huveheen  confinued  and 
somewhat  extended  by  Bernard^  it  is  concluded  that  the  ganglia  of  the  posterior  roots 
have  an  influence  over  tlie  nutrition  of  the  eensitive  nerves,  in  the  jsame  war  as  the  een- 
trea  influence  the  nutrition  of  the  motor  nerves  with  which  tht^y  are  connected,  These 
points  are  interesting^  as  showing  the  existence  of  centres  attached  to  the  sensorv  system 
of  nerves,  which  have,  as  fur  as  we  know,  a  purely  trophic  influence  over  the  nerre^s 
while  the  centres  to  which  the  motor  nerves  are  attached  regnkt4?,  to  a  certain  extent, 
tlio  nutrition  of  the  nerves,  and  also  are  capable  of  generating  nerve-forre.  We  do  not 
know  tliut  the  ganglia  of  the  roots  of  sensitive  nerves  have  any  function  except  tkot 
which  has  just  been  indicAted. 

Properties  of  (hf  Ant^rhr  Rnot9  of  the  Spinal  KertfK — Tlie  same  experiments  thnt 
demonstrated  that  the  posterior  roots  of  the  spinal  nerves  are  sensitive  showed  that  the 
ant^irior  roots  are  mutor.  If  the  two  roots  be  exi>05ed  in  an  animal  ju>t  killed,  no  con- 
%'ubive  movements  are  produced  by  stimulating  the  posterior  rooti*;  but,  if  the  anterior 
roots  be  irritated,  movements  of  the  raost  violent  character  occur,  confined  to  those 
tnoscles  to  which  the  tilaments  of  tlae  roots  are  distributed.  There  has  never  been  any 
doubt  upon  this  point  since  the  experiments  of  Magendie ;  and  it  is  now  universally 
admitted  by  phvMologists,  that  tlie  motor  properties  of  the  mixed  nerves  are  dcnvtnl 
exclusively  from  their  anterior  roots  of  origin  from  the  spinal  cord.  Tho  question  has 
arisen,  however,  whether  the  anterior  roots  be  not  also  endowed  with  sensibility,  nota* 
hly  less  in  degree  than  the  posterior  roots,  but  still  marked  nnd  tuvariuble.  The  siditi* 
billty  observed  in  the  anterior  roots  is  abolished  by  section  of  the  i>oslerior  roots;  aod 
this  property,  which  is  thought  to  be  derived  from  the  posterior  roots,  has  b<*eii  cnlltd 
recurrent  sensibility. 

Jleeurrent  Sejisihilitt/. — The  experimental  facts  with  regard  to  the  recurrent  sensi- 
bility of  the  anterior  roots  of  the  spinal  nerves  arc  very  simple.  It  the  two  r<H»ts  of  a 
fijnnal  nerve  be  expope*!,  and  if  the  ariimfil  he  allowed  to  recover,  by  a  few  hours' repose, 
fi*om  the  sliock  of  the  operation^  irritation  of  the  posterior  rtfOt  will  produce  jwiin  and 
the  general  movements  incident  to  it>  hut  no  localize<l  contractions  of  mut^cks;  and  irri- 
tation of  the  anterior  root  will  produce  contrjictif»n  of  certain  muscles  and  a  certain 
amount  of  pain,  always  less,  however,  than  the  pain  resulting  from  stimulation  of  tho 
posterior  rootM,  If  the  anterior  roi»t  be  divided,  tho  end  attached  to  the  cord  will  be 
found  completely  insensible,  but  the  peripheral  end  will  nmnifest  the  same  seufrihility  as 
the  undivided  root ;  sliowing  that  the  s^ensory  projK-rtieB  of  the  anterior  rt»ots  are  not 
derived  from  the  cord.  If  the  posterior  roiit  be  divided,  the  sensibility  of  the  anterior 
root  is  instantly  nbolislied;  showing  that  the  sensibility  of  the  anterior  roiit  is  reeiirrenl, 
being  derived  from  the  posterior  root  through  the  periphery.  With  regard  to  theS4» 
facts,  which  were  first  noted  by  Magendie,  there  can  he  no  doubt,  and  we  onrsches  ireri- 
fied  them  in  a  series  of  experiments  published  in  18C1.  Experiuicuts  have  simply 
demonstrated  the  fact  that  the  recurrent  sensihility  comes  tlirough  the  periiihery*  with- 
out actually  showing  any  recurrent  fibres;  and  division  of  the  mixed  nerve  beyond  the 
point  of  union  of  the  two  roots  deprivefi  the  anterior  root  of  its  sensibility,  showing 
that  the  recurrent  fibres,  if  they  exist-^  mu-*t  turn  back  near  the  peri[>hery. 

The  question  now  arises  with  regard  to  the  exact  mechanisui  »>f  recurrent  sensibility. 
The  explanation  offered  by  Magenriie  nnd  Bernard  is,  that  there  are  actually  fibres  return* 
ing  1  rom  the  posterior  to  the  anterior  roots;  that  these  fibre?  are,  of  course,  *<'n»ilive; 
and  that  irritation  of  the  anterior  roots  is  propagated  toward  the  periphery  and  returns 
fo  the  centres  through  the  posterior  rot»ts.  This  explanation  satisfies  all  of  the  expen- 
mcntal  conditions,  and  it  is  farther  sustained  by  the  microscopical  examinations  of  Sehiff 
and  of  ?hilii>eanx  and  Vulpian.     It  will  be  remembered  that  the  ganglia  of  tlie  posterior 
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.  nerre*,  after  divi^on  of  these  roots,  ]»ave  the  reniiirkable  power  of  preserving  the  ana- 
Itorutciil  iuteg'rity  of  ihe  fibres  to  which  they  are  attached.     Nuw^^  it  ha,s  been  shuwn  by 

Sciiiff  thfit^  after  division  of  the  posterior  roots  beyond  the  ganglia,  tlie  untiTlor  rix^ts 
leoutuin   iiltere<l  fibres^  which  he  believes  come  from  the  posteriur  roota  and  give  to  these 

roots  their  acusilulity. 

Ur.  BrowTi-Setjuard  offers  a  different  exfjlanatlon  of  the  pain  developed  tipon  irrita- 
fctjon  of  the  anterior  roots.  He  believes  this  to  be  due  tntircly  to  cramp  or  eonvukivo 
►  eontmctiond  of  the  muscles.     This  may  be  accepted^  perhaps,  m  a  partial  explimnlioir, 

fiir  there  can  be  no  doubt  of  the  fact  that  violent  touscular  action^  i)roduced  indeiicn* 

p^flently  of  volition,  is  more  or  less  painful ;  but  it  does  not  explain  the  great  sensibility 

umiettmes  observed  when  the  niusciilar  contraction  is  couiparalively  feeble,     There  ean 

fl  '     any  doubt  that  the  explanation  offered  by  Magendie,  and  sustained  by  tho 

i;  Liistologieal  observations  cited  above,  is  in  the  main  correct. 

M^d^o/ Action  <if  th^  Motor  Xenti, — Having  established  the  anatomical  distinction 

l^tween  the  motor  and  sensory  nerves,  it  becomes  necessary  to  study  tlie  ditferences  in 

the  mod«  of  action  of  these  two  kinds  of  nervous  conductors.     In  the  tirst  place,  it  is 

^vident^  taking  the  nervea  and  their  roots  as  we  find  them  in  the  organism  in  a  normal 

^ condition^  that  certain  fibres  act  from  the  centres  to  the  perij^hery,  conducting  motor 

timalu^  while  others  act  from  the  peri[»hery  to  the  centres,  conducting  sensory  impres- 

As  roprds  the  motor  nerves,  the  force,  wliatever  it  may  be,  generate*!  in  the  centres, 
19  conducted  from  the  centres  to  the  peripheral  dii*tribution  of  the  nerves  in  the  luuscles, 
and  U  here  manifested  by  contraction.  Their  mode  of  action,  therefore,  is  ccutrifugal. 
When  these  motor  filaments  are  divided^  the  ennnectlon  between  the  parts  nnlmated  by 
theui  and  the  centre  is  interrupted,  and  motion  in  these  parts.  In  obedience  to  the  natural 
stimulus,  becomes  impossible.  But,  while  we  cannot  always  induce  generation  vt  nerve- 
forre  in  the  centres  by  the  direct  ap[>lication  of  any  agent  to  tliem,  this  force  may  bo 
imitated  by  atiraulation  applied  to  the  nerve  itself.  A  nerve  that  will  re!*pond  to  direct 
fttinmhition  is  said  to  be  excitable;  Imt  tliis  jiroperty  docH  not  extend  throughout  the 
entire  conducting  motor  system.  For  example,  we  shall  see,  when  we  come  to  study 
tlk^  properties  of  the  encephalon,  that  certain  fasciculi  capable  of  conducting  the  motor 
stimulus  from  the  centres  to  the  muscles  are  not  atTected  by  direct  etimulatiou  and  seem 
to  be  inexcitjible. 

If  a  motor  nerve  be  divided,  galvanic,  mechanical,  or  other  stiranlatiun  applied  to  the 
wtremity  connected  with  the  centres  produces  no  effect;  but  tbe  same  stiuiuhition  applied 
to  the  ertremtty  connected  with  the  mnst'le**  U  followed  by  ctmtraclion.  The  [dieiiomena 
indicating  thiit  a  nerve  retains  its  physiological  properties  are  always  luanifcsred  at  its 
Iicrifiheral  dii^tribulion,  and  the^c  do  not  essentially  vary  when  the  nerve  is  stimuhited  at 
diffen^nt  points  in  its  course.  For  example,  stimulation  of  the  anterior  roots  near  the 
pord  prodttcea  contracrion  in  those  muscles  to  which  the  fibres  of  these  roots  are  dis- 
tributed;  but  the  same  effect  follows  stimulation  of  the  nerve  going  to  these  muscles  iti 
iuiy  part  of  its  course. 

As  far  as  their  physiological  action  is  concerned,  the  ditferent  nerve-fibres  are  entirely 
inilqK'Uilent,  and  the  relations  which  tbcy  laear  to  each  *^ther  in  tbe  nervous  fasciculi  and 
10  the  so-called  anastomoses  of  nerves  involve  simple  contiguity.  If  ive  compare  the 
Utrve-force  to  galvanism,  each  individual  fibre  seems  completely  insulated ;  and  a  stimulus 
condueted  by  it  to  muscles  never  extends  to  the  adjacent  fibres.  That  it  is  the  axis- 
^^tadcr  which  conducts  and  the  medullary  tube  which  insulates,  it  is  impc»s?^ible  to  say 
with  pOBitiTeness;  but.  as  we  have  already  seen,  it  is  more  than  probable  that  the  central 
tood  is  the  only  conducting  element. 

W©  have  incidentally  noted  the  fact  tliat  direct  stimulation  applied  to  the  centres, 
«w«i  when  the  connection  between  these  and  the  muscles  is  perfect,  ts  generally  inca- 
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piible  of  inducing  the  generation  of  nerve- force  \  but  the  generation  of  a  motor  stimulus 
mny  ha  induced  bj  an  inipress?ion  made  upon  sensitive  nerves  and  conveyed  by  tbeni  to 
the  centres.  If,  fur  eJtauiple,  we  i&obite  a  certain  portion  of  tlje  oentrtd  nervoujs  system, 
as  the  spinal  cord,  and  leave  its  connections  with  the  motor  and  sensritive  nerves  intact, 
the.«e  phenomena  may  be  readily  observed.  An  impression  made  upon  the  sensitive  nenrea 
will  be  conveyed  to  the  gray  matter  of  the  cord  and  will  induce  tlie  generation  of  a  motor 
atimuliKS  by  the  celU  of  this  part,  which  will  be  eunducted  to  the  mustrles  and  give^  rise  to- 
contraction.  As  the  stimulus,  in  sucli  observations,  seenis  to  be  reflected  from  the  cord 
through  the  motor  nerves  to  the  muscles,  this  action  has  been  called  reflex.  These  phe 
nomeua  cousiituty  an  important  division  of  the  physiioh>gy  of  tlie  nervous  system  and  will 
be  fully  considered  by  themselves. 

A^ociiited  MotemcnU. — It  is  well  known  that  the  action  of  certain  muscles  is  iritJi 
difficulty  isolated  by  an  etlbrt  of  the  will.  This  applies  to  sets  of  muscles  ufM;)n  one  tiide 
of  the  body  and  to  correi^fpouding  muscles  upun  the  two  sides.  For  example^  it  is  almost 
impossible,  without  great  practice,  to  move  some  of  the  fingers,  at  the  same  time  re^tmin 
ing  the  movement*  of  the  others;  ami  the  action  uf  certain  sets  of  muscles  of  the  extrem- 
ities is  always  simultaneous.  The  toes,  >hich  are  but  little  used  as  the  foot  is  cuniined 
m  the  ordinary  dre^s,  are  capable  of  very  little  independent  action.  It  is  ditllcuk  to 
move  one  eye  without  the  other,  or  to  make  rapid  rtitary  movements  of  one  hand  whiln 
an  entirely  different  oi^der  of  movements  is  executed  liy  the  other ;  and  instances  of  tlu* 
kind  niigbt  be  multiplied.  In  studying  these  associated  movements,  tlie  question  arisen 
as  to  how  far  ihey  are  due  to  the  anatomical  relutionb  of  the  nerves  to  tlie  centres  and 
their  connettious  with  muscle,%  and  how  far  they  depend  upon  hflbit  and  exercise.  Wi* 
can  imagine  that  there  may  be  certain  sets  of  nerve-cells,  eonueited  with  each  other  by 
commissural  fibres  and  giving  origin  to  motor  nerves  distributed  to  sets  of  museles;  an 
anatomical  arrangement  ttmt  might  render  a  separate  action  of  these  cells  impossible. 
The  anatomy  of  the  nerve-centres  and  their  connection  with  fibres  are  so  ditKcuU  of 
investigation,  that  demonstrative  proof  of  the  existence  of  such  systems  is  iirkpracticable; 
btit  this  affords  a  ready  explanation  of  the  tact  that  we  cannot,  as  a  rule,  by  an  etJurt  of 
the  will,  cause  only  a  portion  of  a  single  nmsclo  to  contract ;  yet  some  of  the  larger  mus- 
cles receive  an  immense  numlier  of  motor  nerve-fibres  which  are  probably  connected 
with  gray  matter  composed  of  numerous  anustomobing  cells.  \ 

Manv  of  the  associated  movements  are  capable  of  being  influenced  to  a  surprking^ 
degree  by  education,  of  which  no  better  examide  can  be  found  than  in  the  case  uf  ukUful 
|>erformers  upon  certain  musical  instruments^  such  as  the  piano,  harp,  violin,  and  (ither 
stringed  instruments.  In  the  technical  study  of  such  instruments,  not  only  does  one  hand 
become  almost  independent  of  the  other,  but  very  comjdex  associated  movements  may  W 
nc<iuired.  An  nci  omrdished  pianist  or  violinist  executes  the  diflereut  scales  automatically 
by  a  single  effort  of  the  will,  and  freijuently  pi«nit^fs  execute  at  the  S4ime  time  scales  witJi 
both  hands,  the  action  being  entirely  opjiosed  to  the  natural  association  of  movements. 
Feats  of  sleight  of  hand  also  slmw  how  won<lerftdly  the  muscles  may  be  educated*  and  to 
what  an  extent  the  power  of  associaticiU  and  disassociation  of  movements  may  be  ac4|uirtd 
by  long  practice. 

Lot^king  at  the  associated  movements  in  their  relations  to  the  nuKlo  of  action  of  thi» 
motor  nerves,  it  seems  probable  that,  as  a  rule,  tlie  anatomical  relations  of  the  nerves  w 
ancli  that  a  motor  stimulus,  or  an  effort  of  the  will,  cannot  be  conducted  to  a  portion  only 
of  a  muscle,  but  must  act  upon  the  whole  muscle,  and  the  same  is  true,  probably,  of  cer- 
tain restricted  sets  of  muscles;  but  the  associati^m  of  movements  of  corresponding  muscles 
upon  the  two  sides  of  the  body,  with  the  exception,  perhaps,  of  the  muscles  of  the  cye^, 
If  due  mainly  to  habit  and  may  be  greatly  modified  hy  edncation. 

Mod4  fi/Acti0n  qfthe  SeMorp  XerteM. — The  sensory  nerve-fibres,  tike  the  fibres  of  th9 
motor  system,  are  entirely  independent  of  each  other  in  their  action ;  and*  in  the  so-culled 
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iiDa8toinose«  that  take  place  between  sensory  nerves,  the  fibres  ftssame  no  new  relations, 
except  as  reganis  contiguity. 

As  motor  Hbres  convey  to  their  peripheral  distribntion  the  stinmltjs  engendered  by  an 
irritutiou  ap[died  in  any  portion  of  their  course,  so  un  impression  made  upon  ti  sensitive 
nerve  is  always  referred  to  the  peri[>ht?ry,  A  fuuiiliar  example  ul'  this  is  ul!brded  by  tho 
very  eominon  accblont  of  eontusion  of  tlic  ulnar  nerve  a^  it  passes*  between  tlie  olecranon 
and  the  condyle  of  the  humerna.  This  is  attended  with  painful  tingling  of  the  ring  and 
little  finger  »ind  other  parts  to  wbich  the  laments  of  this  nerve  are  distributed^  without^ 
nece0«art]y,  any  pain  at  the  point  of  ii^jury.  More  striking  examples  are  afforded  in  neu- 
ralgic affeotiuns  dependent  upon  disease  of  or  pressure  upon  the  trunk  of  a  sensitive  nerve. 
In  such  c&s^s^  excision  of  the  nerve  is  often  practised,  but  no  permanent  relief  follows 
onless  the  section  bo  made  between  the  affected  portion  of  the  nerve  and  the  nerve* 
eentre^;  and  the  jmin  produced  by  the  disease  is  always  referred  to  the  tenninution  of 
the  nerre,  even  after  it  has  been  divided  between  the  seat  of  the  disease  and  the  periphery, 
leaving  the  parts  supplied  by  the  nerve  insensible  to  direct  irritation.  In  cases  of  disease 
ilia  not  uoasnal  to  not©  great  pain  in  parts  of  the  skin  that  are  ini*enisible  to  direct  im- 
pressions. The  explanation  of  this  is,  that  the  nerves  are  paralyzed  near  their  terminal 
di^tribntion,  so  that  an  impression  made  npon  the  skin  cannot  be  conveyed  to  the  senso- 
mm ;  but  that  the  trunks  of  the  nerves  still  retain  their  conducting  power  and  are  the 
soat  of  diseased  action^  producing  pain,  wbich  is  referred  by  the  patient  to  the  periphery. 
In  fuidtiplying  examples  sliowing  the  mode  of  action  of  the  sensory  nerves,  w©  may 
refer  to  the  senHatitms  experienced  after  certain  plastic  operations.  In  the  very  comtnon 
o(>vration  of  restoring  the  n(»se  by  traiis|d«ntio'^  xkin  from  the  forehead,  after  the  opera- 
tion has  been  completed,  tJie  skin  having  been  entirely  separated  and  cicatrized  in  its 
reJations^  the  patient  fee!s  that  the  forehead  is  touched  when  the  finger  is  applied  to 
Ikv  arlificiaJ  nose.  After  a  time,  however,  the  fienaorium  becomes  accustomed  to  tlie 
B«w  arrangement  of  the  [>Hrts,  and  this  deceptive  feeling  dii^appeflrs. 

There  are  certain  curious  nervous  phenomena,  that  are  not  witbout  physlohigical 
iisterest,  pri.*Henteil  in  persons  who  have  suffered  amputations.  It  has  been  long  observed 
tliut  after  bi^  of  a  limb  the  sensation  of  the  purt  remains,  and  pain  is  fref|uently  experi- 
«tJc«Hl,  which  is  referred  to  the  amputatod  member.  Thus  a  patient  will  feel  distinctly 
the  fingers  or  toes  atter  an  arm  or  a  leg  has  been  removed^  and  irritation  of  the  ends  of 
the  nerves  at  the  stump  jiroduces  sensations  referred  to  the  missing  member.  A  few 
yejips  (rtnee,  we  obs^erved  a  very  striking  example  of  this  in  a  soldier  who  bad  suffered 
Knputation  of  the  U»g.  While  this  putient,  was  walking  al»ont  on  crutches,  before  the 
•tuin[»  had  entirely  healed,  upon  getting  up  suddenly  from  his  seat,  in  attempting  to 
'  the  stump  to  the  ground,  producing  considerable  injury.  His  explanation 
felt  the  foot  perfectly,  and  it  was  necessary  for  him  to  bo  constantly  on  his 
^*uard  to  prevent  such  an  accident. 

A  very  curious  fact  has  been  observed  with  regard  to  the  imaginary  presence  of  limbs 

4fWr  aajputation,  whicii  we  liave  ha«l  ample  opportunities  of  verifying.    After  a  time  the 

"*-    tf  pos«*^t%^on  of  the  lost  limb  becmncs  blunted,  and  it  may,  in  some  cases,  entirely 

:vr.     This  may  tjikc  place  a  few  months  after  the  anifnitation,  or  the  sensations 

V?  I'luuin  ifi  their  full  intensity  for  years.     Examples  are  reported  by  Mailer  where 

t5ie  in!n*c  W.1S  nndiminislre<l  thirteen,  and,  in  one  case,  tw^enty  years  after  ampntation. 

^1  tt  certain  nundier  of  cases,  however,  the  sense  of  the  intennediate  part  is  lost,  the 

^•J^'inu^  in  the  hand  or  foot,  as  the  case  may  be.  renmininp  as  distinct  as  ever,  the  irapres- 

i!3g  that  the  bmb  is  gradually  becoming  shorter.    These  curious  facts,  noted  by  M. 

.a.i;4,  show  that  the  sense  of  the  limb  beccuning  shorter  is  observed  in  about  half  of 

^e  cfwes  of  amputation  in  w^hich  cicatrization  goes  on  regularly;  and^  in  these  cases, 

tjfnt  filially  experiences  a  feeling  as  thoutrb  the  baud  or  foot  were  in  direct  contact 

le  stump.     By  careful  inqniries  among  a  large  number  of  patients  in  military  hoa- 

ijU.d4,  we  have  been  enabled  to  verify  the^e  observations  in  the  most  satiafactory  manner. 
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General  Projterdes  of  the  Nerves. 

Numerons  experiments  have  been  mtide,  eBpecmllj  upon  the  cerebro-spiniil  nene«|  j 
Tritli  regai*d  to  llieir  action  under  ditferent  kiuds  of  stimulationj  tbe  probable  nature  ^ 
the  nervouii  ageiit  ur  nerve-lbrce,  the  extent  and  duration  ol'  their  excitability  and  Sf  nwi-^ 
bility^  etc.^  ^^  hick  have  developed  facta  of  more  or  Jess  pbyaiub>gicid  interest  and  impor^ 
tance.  As  far  as  tbe  nerves  of  general  sensibility  are  concerned^  tbe  pbenomena  of  con-j 
duction  of  impressions  are  essentially  the  same  in  all,  if  wc  exce]>t  certain  variations 
dilitirent  nerves  as  regards  the  dogree  of  Bonsibility.  The  motor  nerves  all  respond 
the  same  manner  to  ^timulatiun  ;  and  it  is  upon  tbis  portion  of  Uio  nervons  Bystem  tha 
the  most  im[>ortant  observations  have  been  made.  This  being  the  case,  it  is  evident  tha 
tbe  oerebro-spinal  nerves^  In  their  liehavior  nnder  the  experimental  conditions  abovi 
mentiunod,  possess  certain  general  properties,  and  that  tbe  functions  of  special  Derve« 
are  to  be  studied^  after  a  full  consideration  of  these  genend  properties,  in  connection 
with  their  anntomical  distiibutioji  to  the  different  organs  in  tbe  econonjy* 

The  pointa  to  be  considered,  aside  £roni  tbe  simple  division  of  the  nerves  into  motor 
and  sensory,  are  as  follows : 

1.  The  conditions  of  excitability  and  sensibility  of  the  nerves,  or  what  is  knoirfi  M 
nervous  irritiibility. 

3.  Tbe  nature  of  tlie  nervous  agent,  or  the  so-called  nerve-force* 

3.  Certain  phenomena  following  the  application  of  electricity  to  the  nerves. 

Netrouft  Irrltdhilitij, — We  have  already  alluded  in  a  general  way  to  what  is  knows 
as  nervoufi  irritability.     Tbe  term  is  used  by  pbvsiologist^  to  express  the  condition  « 
nerves  which  enables  them  to  respond  to  artiticial  stimuktion,  or  to  conduct  ibe  natnra 
stimulus  or  extemiU  impresi^ions.     So  loog  m  a  nerve  retains  this  projMjrty  it  is  said 
be  irritable.     Of  course,  wbD«  in  a  normal  condition  and  during  life,  irritability,  10 
applied  to  nerves,  simply  means  that  these  parts  are  cnpabic  of  performing  their  pecnliar  j 
ftinctions;  but,  after  death,  for  a  certain  time  the  nerves  will  respond  to  artiticial  «titnii«l 
lation  ;  and  it  is  to  tbis  property  that  tbe  term  ''  Irritability  "  seems  to  be  most  applieablewl 
At  a  certain  time  after  death,  varying  in   ditferent  classes  of  iinimals  with  tbe  activity  of| 
their  nutrition,  the  irritability  ot'  the  nerves  disappears.     This  occurs  very  soon  in  w  anu* 
blooded  animals,  but  it  is  later  in  animals  lower  in  tbe  scale,  bo  that  the  latter  prescnl 
the  most  favorable  conditions  for  experimentation.     Most  observations  upon  nervous  irri- 
tability, indeed,  have  been  made  upon  frojcrs  and  otlier  cold-blooded  animals*     Analogi^Qi 
facta  have  already  been  noted  with  regard  to  the  museular  system,  although,  as  we  bava 
seen,  the  irritability  of  tbe  muscular  ti>^sne  is  entirely  distinct  from  that  of  tbe  nerves. 

Jmniediately  or  soon  after  death,  when  tbe  irritability  of  the  nerves  is  at  its  muxl- 
mum,  they  may  be  excited  by  mecbanicrtl,  c)ieraical,  or  galvanic  stimubis,  all  of  the«e 
agents  producing  contraction  of  the  muscles  to  which  tbe  motor  filaments  are  distributed. 
Mechanical  irritation.  r<iinply  pincbinjr  a  portion  of  the  nerve,  lor  exani[>le,  produces  a 
single  muscular  contraction ;  but,  if  tlie  injury  to  the  nerve  be  sueji  m  to  disorganize  its., 
fibres,  that  portion  of  the  nerve  will  no  longer  conduct  a  stimulus*     Among  tbe  irrttaBtA| 
of  this  kind,  we  may  cite  the  extremes  of  beat  and  cold.     If  an  exposcnl  nerve  be  eta-" 
terized,  a  vigorous  miiscular  contraction  follows.     The  wime  effect,  thougli  lees  morked^J 
may  be  produced  by  the  sudden  application  of  intense  cold.     Among  chemical  reagent!*^] 
there  are  some  which  excite  the  nerves  nnd  others  wliicb  produce  noetlect;  but  thrj 
are  not  important  from  a  physiological  point  of  view.     Suffice  it  to  say,  that  mechanical  | 
irritation  and  the  action  of  certain  chemioals  are  ciii>able  of  exciting  the  ncrvc«;  butl 
that,  when  their  Hction  troes  so  far  as  to  disorganize  tlie  fibres,  tbe  conducting  power  off 
thestc  fibres  is  lost,    AVbikv  however,  irritation  of  the  nerve  above  tbe  point  of  injury  lu 
no  effect,  stimulation  between  this  point  «nd  the  muwles  is  Mill  followed  by  contraction,  i 

The  most  convenient  method  of  exciting  the  nerves  in  physiological  cxperinieDts 
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of  electricity,  a  stitnulim  more  closely  resembling  the  nerTe-fnrce  than  any 
other,  and  one  which  cnaj  be  employed  without  disorganizing  the  nerve-tissue,  and  which 
con&t<juently  admits  of  extended  and  repeated  appUcation.  The  action  of  electricity, 
liowei  er,  with  the  methods  of  preparing  the  nerves  and  muscles  for  esperiuientation^ 
wilt  be  fully  considered  under  a  separate  head. 

The  irritahility  of  the  motor  system  is  entirely  distinct  from  that  of  the  sensory 
nerves,  and  one  nm>[  he  destroyed,  leaving  the  other  intact.  This  follows  almoet  as  a 
raattw  of  course  upon  the  fact  of  the  anatomical  distinction  between  motor  and  sensory 
nerves ;  hut  it  is  interesting  to  note  the  limits  of  the  irritability  after  death  in  nerves  of 
different  properties  and  the  differences  in  tire  nianner  of  its  di^^uppoarance.  The  woorara- 
poisun,  a  very  ctirions  agent  prepared  by  the  South-Anierican  Indinns,  has  the  remarkable 
property  of  paralyzing  the  motor  nerves,  leavinj;:  the  nerves  of  sensation  intact.  This 
fact  has  been  demoa^trated  by  Bernfird  and  others  l>y  very  curious  and  ingenious  experi- 
ments*  The  poison,  like  those  of  animal  origin,  acts  most  vigorously  after  introduction 
onder  the  skin  or  absorption  from  wounds,  and  it  produces  no  toxic  effects  when  taken 
into  the  stomach,  except  wlien  introduced  in  large  quantit}'  ill  fasting  animals.  Under 
the  influence  of  this  agent,  an  anima] 
dies  with  complete  paralysis  of  the 
modQr  system,  presenting,  among  other 
phenomena,  arrest  of  resinratjon.  Most 
of  the  varieties  of  the  poison  affect  only 
the  motor  nerves  and  do  not  influence 
the  action  of  the  heart ;  and,  in  animals 
broaght  completely  under  its  influence, 
artificial  respiration  will  enable  the 
heart  to  continue  its  action,  and,  in 
pom^  instances,  if  this  bo  persisted  in, 

recovery  will  take  place. 

The  fzict   that  tlie  woorara-poison 

t*  the  motor  nerves  only  has  been 

i>erfmentally  illustrated  by  Beniard, 

tftkiag  advantage  of  the  retlei  func- 

tiotis  of  the  spinal  cord   to  show  the 

pynistetioe  of  the  irritability   of  the 

Bifa*»ry  nert'es.     The  most  striking  of 

ti>*'«^  ?Tf»€nments  is  the  following:  A 

^^  red  by  exposing  the  nerves 

ij  tr  region,  and  then  isolating 

tlic  fMjitenor  extremities  by  applying  a 

<fmig  ligature,  including  the  aorta  and 

ill  Ifm  parts  except  the  nerves;  so  that, 

pi^cticftlly,  the  only  communication  bc- 

iweun  the  posterior  extremities  and  the 
^  by  the  nerves.  It  is  evident, 
'a%  that,  if  the  poison  be  intro- 

flttcwi  under  the  skin  of  the  body,  act- 

'«ffi  as  it  tloes,  through  the  blood,  it 

fill  nffitvt  all  parts  except  the  posterior 

<?ltreTidties ;   for  the  poison  acts  from 

^t  periphery  to  the  centres  and  must 

ftrcalttto  in  the  parts  to  which  the  motor  nerv^es  ore  distributed.  If  the  posterior 
<!xtr<»mitie?i  be  now  irritated,  the  impression  is  conveyed  to  the  spinal  cord  through  the 
*eniK)ry  filaments  of  the  lumbar  nerves,  which  are  intact ;  this  gives  rise  to  a  stimulus, 
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TiQ,  168.— /><v  prtpartd  »n  n9  t»  tkffW  dfl/  v^&oi^ra  di- 

9§rojf»  tfu  propertUg  qft/ie  mfitiifr  ntrvM.   (BonuuU.) 

A,  A,  lumbar  JMrvM ;  fi^  Mirto. 
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which  is  reflected  back  throngh  the  motor  filaments  of  the  sflme  nerve,  autl  the  ordinary 
rertox  tnovements  are  obiMjrved  id  the  poBK'rior  extremitiea.     This  h  to  be  e3q>ected^  inas- 
much aa  the  (lofiterior  extreuiitiea  have  beeu  removed  from  the  inflncnee  of  the  im»on 
If  tilts  miterior  extremities,  which  are  completely  under  the  influence  of  the  poison,  be  non 
irritated,  no  movements  are  observed  in  these  parti*,  but  they  lake  pUvee,  us  before, 
the  posteriur  extremities.     The  niechanji«ni  of  this  action  is  easily  understood.     ReUe 
pheuomemi,  cousisiiug  in  the  muvemeuti^  of  mudcles,  may  be  mfuiifested  throughout  thd^ 
entire  svstem,  following  irritation  of  u  single  part,    iln  impression  made  uptm  the  surface 
is  conveyed  U*  the  ypinjd  cord,  and^  if  thi&  be  sufficiently  powerful,  motor  stimulus  nmj 
he  sent  through  all  of  the  anterior  roots  coming  from  the  cord.    The  impression  umdi 
upon  the  anterior,  or  poisoned  extremities  is  conveyed  by  the  sensory  filaments  to  tb©] 
cord  and  is  transmitted  to  the  posterior  extremities  through  their  motor  nervea^  whici 
are  intact.     The  fact  of  the  transmission  of  the  impression  from  the  anterior  extreiuitic 
to  the  cord  shows  that  the  poison  does  not  atfect  the  sensory  system. 

In  the  same  way  that  t:ie  woorara-poison  paralyzes  the  motor  nerves,  leaving 
aen^orv  system  intact,  other  agents,  as  amesthetica,  will  abohali  the  sensibility  of  thd 
nerves  without  aHeoting  the  tuotor  fllaments. 

As  we  have  already  intimated  in  anuther  connection,  the  nerves  soon  lose  tljeir  irnUi«] 
bility  atter  they  have  been  sejiarated  from  the  centres.  This  loss  of  conducting  powel 
is  attended  w  ith  important  structural  chang©vH  in  the  nerve  fibre*.  The  lubes  lo^  thct^ 
normid  appearance,  and  the  medullary  matter  becomes  opaque  and  coagulates  in  larg^ 
drops.  Ihe  axis- cylinder  is  not  so  much  modified  in  structure^  bat  it  certainly  losca 
its  characteristic  [>hysi<-togicaI  properties. 

The  excitability  of  the  motor  nerves  disappears  in  about  foor  days  after  reseetionJ 
Of  course,  in  ex[>eriments  upon  this  |Kunt,  it  is  necessary  to  excise  a  portion  of  th«] 
nerve  to  prevent  reunion  of  the  divided  extretnilies;  but^  when  this  is  clone,  after  tho 
fourth   day,  galvanization  of   the  nerve  will   produce   no  contraction  in   tht  tuusclea^] 
although  the  latter  retain  their  contractility,  as  may  be  shown  by  the  npplicatioii  of  dir 
irritation.     This  loss  of  irritiibility  is  gradual^  and  it  continues,  whether  the  nerve  b« 
exposed  and  stimulated  from  time  to  time  or  be  left  to  itself;  and  the  loss  of  excitahilltyl 
progresses  from  the  centres  to  the  perii>hery.    In  the  researches  of  Longet  upon  this  sub- 
ject, it  was  found  that  the  lower  portion  of  the  peduncles  of  the  brain  lost  their  irritji-| 
bility  firat,  then  the  anterior  columns  of  the  cord,  then  the  motor  roots  of  the  nerve^J 
and,  last  of  all,  the  branches  of  the  nerves  near  their  termination  in  the  musclea. 

Thy  sensibility  of  the  sensory  nerves  disappears  from  the  periphery  to  the  centres,  i 
Is  shown  in  dying  animals  nnd  in  experiments  with  aut^sthetics.     The  sensibility  ia  lo^J 
first  in  the  terminal  branches  of  the  nerves,  next  in  the  trunks  and  in  the  posterior  root 
of  the  spinal  nerves,  and  so  on  to  the  centres*     We  have  often  illustrated  this  fact  Inl 
experiments  upon  the  roots  of  the  spinal  nerves  and  in  section  of  the  large  root  of  tbtl 
fifth  pair  witliin  the  cranial  cavity.     When  an  animal  is  brouglit  so  completely  underj 
the  influence  of  ether  that  the  operation  of  oy>ening  the  spinal  canal  may  !»e  performed  [ 
without  inflicting  the  slightest  pain,  the  |)osterior  roots  will  lie  tVnind  to  Ik?  di^tinctl/j 
i*ensible.     We  have  lately  been  in  the  habit,  in  class-deraon^trfltions,  of  dividing  tho  fifl 
pair  in  the  cranium  without  using  an  anesthetic,  as  the  operation  is  instantaneooB  and] 
the  efl'ects  are  much  more  striking  than  when  tho  animal  has  been  rendered  insensible] 
and  is  allowed  to  recover;  but,  when  we  have  used  an  ana*9thetio,  we  could  cevvr  pu^h 
the  eflects  sutBciently  to  abolish  the  sensibility  of  the  root  of  tlio  nene*     In  an  animal 
brought  so  fully  under  the  influence  of  ether  that  the  conjunctiva,  supplied  with  bninche^j 
of  the  fifth,  had  bel'ome  absolutely  insensible,  tlie  instant  the  instrument  touched  thii| 
root  of  the  nerve  in  the  cranium^  there  were  evidences  of  acute  pain.     Nothing  could 
more  strikingly  illustrate  the  mode  of  disappearance  of  the  sensibility  of  the  nerves 
from  the  periphery  to  tho  centres. 

The  nervous  irritability  may  be  momentarily  destroyed  bj  severe  shock  in  killing  m 
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aniniA].  Tliia  is  sometinies  illustrated  in  preporijig  frags  for  exporimentsi  n})OB  the 
nerves;  aa  the  shook  of  killing  the  frog  by  derapitaiioa,  tearing  off  the  skio»  etc., 
abolishes  the  irritability  of  the  nerves  for  the  moment.  It  has  been  observed,  ali*o, 
that  a  gakunic  shock  suflScieotly  powerful  to  destroy  lile  instantly  destroys  the  e%cita- 
Utj  of  the  motor  nerves. 


yerte-Foree, — The  fio-called  nerroos  irritability,  artificially  manifested  by  the  applica- 
tiou  of  a  stimuli^  directly  lo  the  nerve-tissne,  enables  the  nerves  to  conduct  from  the 
centres  to  tljo  periphery  a  force  which  is  generated  in  the  gray  substance,  Tliis  we  may 
call  the  nerve-force.  Its  production  is  one  of  the  most  remarkable  of  the  phenomena  of 
life ;  and  ita  essence,  or  the  exact  mechanism  of  its  generation^  is  one  of  the  problema 
that  has  thus  far  eluded  the  investigations  of  physiologiats.  We  know,  however,  that, 
in  the  operations  of  the  nervous  system^  tho  nervea  serve  sinijdy  as  conducturs  and  the 
nerve-cell*  guoerate  the  nerv^e-force.  It  is  evident,  also,  that  nearly  fill  of  the  so-called 
vital  phenomena  are  more  or  less  inflaenced  and  controlled  through  this  wonderful  agent ; 
and,  throughout  our  study  of  the  nervous  system,  we  shall  be  con.stantly  in v castigating  the 
phenomena  attending  the  operation  of  nerve-force^  while  we  are  compelled  to  admit  our 
ignorance  of  its  essential  nature. 

Kon-identity  of  Xerre- Force  irith  EJeetricit^. — When  we  como  to  study  fully  tlio 
action  of  electricity  upon  the  nerves,  we  shall  see  that  this  is  by  far  t!ie  ntost  convenient 
itininlna  for  exciting  the  nervous  action  and  one  by  which  we  closely  imitate  the  true 
ijorv«^*force.  So  great  is  the  siiuilarity,  indeed,  between  certain  of  the  phenomena  pro- 
(laced  by  the  application  of  electricity  and  those  attending  the  physiological  action  of 
Berves,  that  some  phvsiologlsts  have  regarded  tho  nerve-cells  as  generators  of  an  electric 
current.  This  hypothesis  explains  the  nature  of  nerve-force,  in  so  far  as  it  assimilates  it 
Uia  force,  with  the  action  of  which,  as  artificially  generated,  we  are  more  or  less  familiar. 
No  one  at  tJie  present  day,  however,  pretends  that  the  nerve-force  has  lieen  demonstrated 
to  be  identical  with  any  form  of  electricity ;  and  the  question  does  not  now  demand 
citlen d  e d  d Lscu  ssion , 

A  series  of  experiment*  made  by  Pr^^vost  and  Dumas,  in  1823,  are  worthy  of  note  as 
lowing  the  absence  of  a  true  electric  current  In  nerves  in  action;  but  these  have  lH?en 
ceafirmed  in  later  years  with  apparatus  sufficiently  delicate  to  settle  the  question  beyond 
a  doubt.  The  most  conclusive  experiments  upon  this  subject  are  those  of  Matteucci  and 
Leaget,  made  upon  horses,  at  the  veterinary  school  at  Alfort.  These  physiologiste 
pxpofcied  the  sciatic  nerves  in  the  living  animal,  and,  when  there  was  evidently  a  conduc- 
llun  in  With  directions,  as  evinced  by  pain  and  muscular  action,  they  failed  to  detect  the 
idence  of  an  electric  current  with  the  most  delicate  galvanometer  that  could 
ted.  The  fact  of  the  absence  of  a  galvanic  current  in  nerves  dnring  their 
]i|jy!«io!ogical  action  was  even  more  strikingly  illuittrated  by  Matteucci,  who  demonstrated, 
ia  th«  electric  eel,  that,  although  the  electric  discharges  from  the  peculiar  organs  of  this 
animal  were  under  the  control  of  the  nervous  system  and  could  be  excited  by  galvanic 
ilimiilation  of  the  pro|>cr  nerves  imnjediat^ly  after  death,  no  galvanic  current  existed  in 
tlicsc  nerves  during  their  physiological  action. 

Whi-n  we  abandon  the  hypothesis  of  the  identity  of  nerve-force  with  electricity,  we 
*re  compened  to  adiuit  that  tlie  agent  generated  by  the  nerve-centres  is  tui  ffeneru 
ttid  not  to  be  compared  with  any  force  known  oQt*?i<le  of  living  organisms  or  artificially 
produced  by  diroct  stimulation  of  the  nerves;  but  we  admit,  nevertheless,  the  fact  that 
^Wctricity  may  be  generated  by  animals,  as  the  electric  fishes,  and  that  electric  currents 
cxirt  in  difierent  anatomical  structures  in  the  living  body,  including  the  nerves,  under 
certuin  conditions.  Our  study  of  the  nerve-force,  then,  leaving  its  essential  nature  unex- 
plained^ is  mainly  confined  to  a  description  of  its  characteristic  phenomena. 

Hiipiifity  of  Nenom  Cofiduc(1(m.—Th\}  first  rigorous  estimates  of  the  velocity  of  the 
Qerve-rurrcnt  were  made  in  1850,  by  Ilelmholtz,  and  were  applied  to  the  motor  nerves. 
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The  important  and  intereBting  results  of  theae  experiments  were  arrived  at  bj  an  inge- 
nious application  of  tbe  grupliic  uiethcM],  wliicb  bas  since  been  so  largelj  improved  and 
ejctended  hy  Marejr,  and  tbeir  accura^'y  was  rendered  possible  by  tb©  exceedingly  delicat^^ 
cJironometi'ic  apparatus  wbieli  bas  been  devis^^d  witbiu  tbe  last  few  years. 

It  is  unnecessary  to  describe  fully  tbe  exact  methods  employed  by  Helmlioltj:  smi 
by  those  who  immediately  followed  in  bis  invet^tigationa,  Butlice  it  to  mj,  that  tLIa  t 
tinguiabed  pbyaiologist  and  pbysicbt  constructed  apparatus  wbicb,  though  somewhat^ 
complex,  was  so  accurate  as  to  leave  no  doubt  as  to  the  retiability  of  bis  results.  Taking] 
into  account  all  of  tbe  disturbing  conditions,  and  allow'uig  for  tbe  interval  of  ^ie^  or  thai 
length  of  lime  between  the  excitation  of  a  muscle  and  tbe  commencement  of  ita  con* 
traction^  he  estimated  the  rapidity  of  conduction  in  tbe  motor  nerves  of  the  frog  at  abou 
eighty-five  feet  per  second*  The  results  obtained  by  Marey  upon  frogs  give  a  muclil 
slower  rate  of  nervous  conductiun.  These  were  followed,  however,  by  the  obaervationij 
of  Uelmholtz  and  Baxt  upon  the  human  subject^  which  are,  of  course,  the  moat  intereat*! 
ing  of  all. 

The  process  devised  by  Marey  is  admirably  simple.     He  employed^  to  eistimate  ^maU  I 
fractions  of  a  second,  a  cylinder  graduated  in  the  fuUowing  manner:  An  ordinary  tun'-l 
ing-fork,  vibrating,  say,  five  hundred  times  per  second,  is  so  arranged  that  a  point  con- 
nected with  one  of  its  arms  is  made  to  play  against  a  strip  of  blackened  paper.     As  the^J 
paper  remains  stationary,   the  point  makes  but  a  single  mark;   but  when  tbe  p^per] 
moves,  as  the  point  vibrates,  a  line  is  produced  with  regular  curves,  every  curve  repn^f 
fientiug  5^7  of  a  second.     Now,  if  a  lover  be  attached  to  a  muscle  and  be  so  arrangc<1 1 
to  mark  upon  tbe  paper,  moving  at  the  same  rate,  the  instant  when  contraction 
place,  it  is  evident  that  the  interval  between  two  contractions  produced  by  stimulatlngl 
the  nerve  at  different  points  in  its  course  will  be  moat  accurately  indicated ;  and,  if  tbe 
length  of  the  nerve  between  the  two  points  of  t^timulation  be  known^  tbe  difference  in 
time  will  rejiresent  the  rate  of  nervous  conduction. 

In  exporinients  upon  frogs,  tbe  leg  is  prepared  by  cutting  away  tbe  muscles  and  bone 
of  the  tliigb,  leaving  the  nerve  attached.  The  lever  i*  then  applied  to  the  mnsdeaof 
the  leg,  and  the  ^stimulation  is  applied  successively  to  two  points  in  the  nerve,  the  distanc 
between  them  being  carefully  measured*  The  results  obtained  in  this  way  showed 
rate  of  conduction  of  from  thirty-six  to  forty -six  feet  per  second ;  but  these  are  no 
regarded  by  Marey  as  invalifhiting  the  eatimatea  by  Flelmholtz,  in  view  of  the  varioa 
conditions  by  which  the  rapidity  of  conduction  is  modified. 

Employing  the  myograph  of  Marey,  Baxt,  in  the  laboratory  of  IlelmboltJt,  baa  fuo* 
ct^ded  in  measuring  the  rate  of  nervous  conduction  in  tbe  human  subject     In  ihaae 
experiments,  the  swellinj;  of  the  muscle  during  contraction  was  limited  by  enclosing  th% 
arm  in  a  plaster-mould  and  notiny;  the  contraction  through  a  small  opening.     By  thMl| 
citciting  the  contraction  by  stimulating  the  radial  nerve  successively  at  d liferent  diatancea  | 
from  the  muscle,  the  estimate  was  made.     The  rate  in  the  hmnan  subject  waa  thus  i*«tS- 
mated  at  one  hundred  and  eleven  feet  per  second.    Tbe  latest  exy»criracnts  upon  thh  mh»  j 
ject  by  ITelmholtz  and  Baxt^  in  which  great  care  wui*  taken  in  the  adjustment  of  the ) 
apparatus,  <ihowed  a  mean  of  rapidity  for  the  motor  nerve*,  in  man,  of  about  two  lion- 
dred  and  fitYy-four  feet  per  second.     These  observationH  were  made  in  the  summer  of 
1809  ;  and  the  ditliTence  in  the  result*  is  in  part  explained  by  the  fact,  which  wa«  afK*0T» 
tained  experimentally  at  that  time,  that  a  high  temperature  incrciiscB,  and  a  diminished 
temperature  retards  the  I'elocity  of  nervous  conduction.     It  has  been  farther  shown  by 
Munk,  that  tbe  rate  of  conduction  is  ditforent  in  different  portions  ixf  the  nerrons  trunk; 
the  rapidity  progressively  increasing  us  the  nerve  approaches  its  termination* 

lleluibultz,  Du  Bois-Reymond,  Marey,  and  others,  have  noted  certain  conditions 
which  nimiirv'  the  rate  of  nervous  conduction.  One  of  the  most  prominent  of  thest, 
first  observed  by  Ifelmboltz,  is  due  to  modifications  in  temperature.  By  a  reduction  of 
temperature,  in  tbe  frog  at  least,  the  rate  is  very  muclt  reduced ;  and  at  82*  it  i*  not 
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than  one-tenth  as  rapid  as  at  G0°  oi*  70"*.     Murej  haa  also  noted  that  tlie  rate  ia 
stmsihljr  reduced  by  fatigue  of  the  DiUf^cles. 

The  same  principle  which  has  led  to  the  determination  of  the  rate  of  conduction  in 
motor  nerves*  viz,,  an  estimation  of  the  ditTereno©  in  time  of  the  pa^ssage  of  a  atimolua 
pplied  t4v  a  nerre  at  two  points  sitnated  at  a  known  di^^tance  from  each  other,  had  heen 
pplied  to  the  conduction  of  sensatioOvS.  Hirstlj  h  quoted  as  having  made  the  iirat 
"attempt  to  resolve  this  question,  in  1851.  lie  eroplo^ved  the  delicate  chronometric  inatrn- 
laentf*  u>*ed  in  antroiiomy,  and  noted  the  diJferenoe  in  time  hetweeu  tht^  apprecirtlion  of 
impression  made  upon  a  part  of  the  boily  far  removed  from  tht  brain,  an  the  toe,  and 
^•n  in>  press  ion  made  upon  the  cheek.  Thiii  process  admitted  of  a  rough  estimate  of 
about  one  hundred  and  eleven  feet  per  second.  The  later  and  more  elaborate  researches 
of  Schebke  showed  a  rapidity  of  conduction  by  the  sensory  nerves  of  about  ninety -seven 
feet  per  second. 

Altempta  have  been  made  to  estimate  the  duration  of  acts  involving  the  central  ner- 
vous system,  such  as  the  redex  phenomena  of  the  spinul  cord  or  the  operations  of  the 
erebral  hemispheres.  Those  have  been  partially  successful,  or,  at  least,  they  have 
bown  that  the  reflex  and  the  cerebral  acts  require  a  distinctly  appreciable  period  of 
lime.  This,  in  itself,  is  an  im[)ortant  fact;  although  the  duration  of  these  acts  has  not 
ret  been  measured  with  all  the  accuracy  that  could  be  desired.  As  the  general  result 
of  experiments  upon  tlieso  pointa,  it  is  found  that  the  retlex  action  of  the  spinal  cord 
occupies  more  than  twelve  times  the  period  required  for  the  transmission  of  stimulus 
or  impreasiona  through  the  nerves.  Bonders  found,  in  experiments  upon  his  own  person, 
that  an  act  of  volition  required  one-twenty-eighth  of  a  second^  and  one  of  simple  dis- 
tinction or  recognition  of  an  impression,  onc-twenty-tifth  nf  a  second.  These  estimates, 
howeTur.  are  merely  approximative  ;  and,  until  they  attain  greater  certainty,  it  is  unne- 
cessary to  describe  in  detail  the  apparatus  employed. 

The  general  result  of  the  various  observations  we  have  detailed  upon  the  rate  of  ner- 
Tcras  oondoction  as  applied  to  the  human  subject  is,  in  the  first  place,  that  this  can  bo 
caeiaured  with  tolerable  accuracy ;  second,  tlmt  it  is  in  no  ^lise  to  be  compared  with  the 
nto  of  oomluetion  of  light  or  electricity  ;  and,  finally,  that  the  rat^  in  the  human  subject 
b  essentially  the  same  in  the  motor  and  sensory  nerves,  being,  according  to  the  most 
reliable  estiraatea,  about  one  hundred  and  deveu  feet  per  aecond. 


Action  of  EUetrkity  upon  the  Nerves, — A  great  deal  has  been  written  with  regard  to 
ih© effects  of  electricity  upon  the  nervous  system,  and  facts  elicited  by  exjjeriments  npon 
tliii  subject  are  highly  important  In  their  bearing  upon  physiology  and  pathology.  Still, 
ibi-rc  aro  numerous  observations  upon  this  subject  which  have  but  little  importance,  in  a 
imrely  physiological  sense*  except  that  they  are  curious  and  interesting.  These  we  do 
^  -0  to  discuss  elaborately  ;  and  we  shall  confine  on rsH-lvea  chiefly  to  those  points 

■  directly  npon  our  knowledge  of  the  properties  and  functions  of  the  nervea. 
I  III  fii^t  important  fact — ^to  whirh  we  have  alreridy  alhided — is,  that  electricity  ia  the 
k-t  nil  ujri  that  we  have  of  artiticiitlly  exciting  the  nerves.  Using  electricity,  wo  can 
regnlale  with  exquisite  nicety  the  degree  of  stimnlaiion  ;  we  can  excite  the  nerves  long 
alter  they  have  ceased  to  resfpond  to  tnechanical  or  chemical  irritation ;  the  effects  of 
ditierent  currents  can  be  noted  ;  and,  finally,  tills  mode  of  stimulation  produces  a  pecnliar 
itnd  interesting  condition  of  the  parts  of  the  nerve  not  included  between  the  poles  of  the 
'iitfery.  For  these  reasons,  it  seems  f ►roper  to  devote  some  conriideration,  in  this  con- 
Delation,  to  the  effects  of  the  application  of  this  agent  to  the  nerves. 

So  lt»n^'  A'^  the  nerves  retain  their  irritability,  they  will  reapond  to  an  electrical  stirau- 
iits  may  be  made  upon  the  exposed  nerves  in  living  animals  or  in  ani- 

Jfl  ( :...  1;  and,  of  all  classes,  the  cold-blooded  animals  present  the  most  favorable 

eonditioni?!,  on  account  of  the  persistence  of  nervous  and  muscidar  irritability  for  a  con- 
dernble  time  alter  death.    Experimenters  most  commonly  use  frogs,  on  account  of  the 
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long  persistence  of  the  irritability  of  their  tissues  and  the  facility  with  which  certois  por^ 
tions  of  the  nervous  system  can  he  exitosetL  For  ordinary  experiments  upon  the  nervoui 
eondnction,  the  parts  are  prepared  by  detaching  the  posterior  extremitit*^,  ren»oving  the 
akin,  and  cutting  away  the  bone  and  muBoles  of  the  tbigh,  bo  as  to  leave  the  leg  with  the 
sciatic  nerve  attached.  A  fru^^'s  leg  thus  isolated  presents  a  nervous  trunk  one  or  %ma 
inches  in  leogth^  attached  to  the  musclea,  which  will  re8]>oDd  to  the  slightest  stimnlus. 
It  ia  by  experiments  made  upon  frogs  prepared  in  this  way  that  most  of  the  important 
facts  relative  to  the  action  of  electricity  upon  tlie  nervoua  system  have  been  deveh»pcd, 
A  form  of  galvanic  apparatus  which  w*^  have  long  used  and  found  very  convtnient  for 
these  experiments  is  essentially  the  one  described  by  Bernard.  It  consists  simply  of 
alternate  copper  and  zinc  wires  wound  around  a  piece  of  wood  bent  in  the  form  of  a 
horseshoe  and  terminating  in  two  plaLiaum  points  representing  the  positive  and  negative 
poles.  This  forms  a  sort  of  electric  torceps,  about  eight  inches  long^  which,  when  fnoiat- 
ened  with  water  slightly  acidulated  with  acetic  acid^  will  give  a  current  of  about  Iho 
strength  required  for  most  experiments. 

It  ia  evident  that  the  galvanic  current  may  lie  applied  to  a  nerve  so  that  the  dir^S'Ction 

may,  in  tlie  one  case,  follow  tlie  course  uf  l!i« 
nerve,  that  is»  from  the  centre  to  the  peripherj^ 
and,  iu  the  otlier,  be  opposite  to  the  cour^  of  th 
nerve.  These  currents  have  b^en  called  res*pect- 
ively  the  direct,  or  descending,  and  the  inverso,  or 
ascending.  When  the  positive  pole  (tho  copper)  It 
placed  nearer  the  origin  of  the  nerve,  and  the 
negative  pole  (the  zinc),  below  this  point  in  the 
course  of  the  nerve,  the  gidvanic  current  follow  i 
the  normal  direction  of  the  motor  conduction,  and 
this  is  called  the  direct  current.  When  the  indes 
are  reversed,  and  the  direction  of  the  galvanic  cur- 
rent 18  froni  the  periphery  toward  the  centre,  it  10 
called  the  inverse  citrrent.  It  will  be  conrenient 
to  speak  of  these  two  currents  respectively  aa  di- 
rect and  inverse,  in  detailing  expcrtuients  upon 
the  action  of  electricity  upon  the  nerves. 

The  f)oint8  to  be  noted  with  regard  to  1 1 
of  the  application  of  electricity  to  an  expt  ^ 
are  the  action  of  con&tant  currents  of  ditrcrcnl  60* 
grees  of  intensity,  the   pheuouioiia  ob^^erved   on 
juakiog  and  breaking  tlie  circuit,  and  tljc  electa 
of  an  intemipted  current* 

I>uring  the  passage  of  a  feeble  constant  current 
through  an  exposed  nerve,  whatever  be  it«  direc- 
tion, there  are  no  convul8i^*©  movements  and  no 
evidences  of  pain,  Tliisi  fact  hati  long  been  reci>g- 
nized  by  physiologist*,  wh**  at  first  limited  tho 
elfecta  of  electricity  upon  th©  nervea  to  two  |wf- 
rioda,  one  at  the  making  of  the  circuit  and  the 
other  at  its  interruption.  Wo  ahall  see,  howfter. 
that  the  passage  of  electricity  through  m  portion 
of  a  nervouH  trunk  produces  a  peculiar  condition 
in  parts  of  the  nerve  in  the  neighborhood  of  the 
poles  of  the  battery,  described  under  the  natne  of 
eJectrotonas;  but  the  fact  that  neither  motion  nor  aensation  is  excited  in  a  niixe<i  nerve 
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\  Bttfficientlj  powerful  constant  curreDt  be  passed  through  a  nerve,  disor^anizntton 
of  its  tissue  takes  place,  and  the  nerve  finally  losses  tta  excitability,  as  it  does  when 
bmiHed,  ligatured,  or  when  its  stnicturo  is  flestruyed  in  any  other  way.  It  was  thought 
hy  Gal  van  i,  and  tbe  idea  has  been  adopted  hy  Mattouoei.  Gu^rard,  aud  Lorjgct,  tbut  a 
cttrreut  directed  exactly  aero^  a  nerve,  so  as  to  pa^s  at  right  angles  to  its  fibres,  does 
not  give  rise  to  muscular  eun traction.  This  view  is  now  accepted  by  most  modern 
experimenters. 

All  who  have  experiiaented  upon  the  action  of  galvanism  upon  the  raixe^i  nerves 
have  not^d  the  fact  alluded  tu  above,  that  the  pheuouieDu  of  oontraetiutj  are  mamfest- 
eel  only  on  closing  or  on  breaking  the  circuit.  Take,  for  example,  a  frog^s  leg  prepared 
with  the  nerve  attached ;  place  one  pole  of  a  teeble  galvanic  apparatus  on  tlie  nerve  and 
then  make  the  conneclion,  including  a  portion  of  the  nerve  in  the  circuit;  with  the 
mildest  currents,  contraction  occurs  only  on  closing  the  circuit,  independently  of  the 
direction  of  the  current ;  with  currents  of  medium  strength  (Ptltlgt^r),  coutraclions 
occur  both  at  closing  and  o[»eniug  the  circuit,  fur  currents  of  either  direction ;  with 
•trong  current^v  contractinn  occurs  only  at  tlio  clui*ing  of  the  direct  current  imd  the 
opening  of  the  inverse  current.  After  a  time,  however,  the  nervous  irritability  becomes 
Bouiewluit  enfeebled  by  exposure  of  the  parts.  The  phenomena  then  observed  belong  to 
the  conditions  involved  in  the  process  of  *' dying*'  of  the  nerve.  In  the  later  stages  of 
this eutidition,  the  phenoniena  may  be  formularized  as  follows: 

If  the  sciatic  nerve  attached  to  the  leg  of  a  frog,  prepared  in  t!ie  usual  way  for  such 

experiment*,  be  subjected  to  a  leeble  galvanic  current,  there  is  a  time  when  muscular 

fontf*ctinn   takes  place  only  at  the  instant  when  the  circuit  Is  made,  no  contraction 

occurring  when  the  circuit  is  broken  ;  and  this  occurs  only  with  the  direct  current ;  vijt», 

wluMi  the  current  flows  toward  the  periphery,  the  positive  pole  being  above,  trnd  the 

cegiitivt^  below.     If  the  poles  be  reversed,  so  that  the  galvanic  current  flows  tVom  the 

periithery  toward  the  centres  (the  Inverse  current^  contraction  of  the  muscles  occurs 

unly  when  the  circuit  is  broken  and  none  takes  |dnce  when  tiie  circuit  is  closed.     These 

vH»'Lomena  are  distinct  after  tlie  irritability  of  the  parts  has  become  somewhat  dimin- 

Ithwl  by  exposure  or  by  electric  stimulation  of  the  nerve^  but  they  may  occur  in  per- 

Wlly  fresh  parts,  when  the  galvanic  current  is  very  strong.     UBrndly,  when  the  ner- 

Toiifl  irritability  is  at  its  height,  contractions  occur  both  on  closing  and  breaking  the  cir- 

'  I'll  •  but  they  are  more  powerful  on  closing  the  circuit,  for  the  direct  current,  and  on 

tt;»  the  circniti  for  the  inverse  current.    This  fact  has  been  noted  by  all  modem 

»\  pen  mentors. 


IW,  m^flroi/'*  ^^i/"  frfrpafid  w  at  to  ^aw  ths  tontrattt^  action  of  the  direct  and  the  inrtrte  eutrmiL 

A  very  siniple  eTficrimont  made  by  Matteucci  strikingly  illustrates  the  contrasted 
action  of  Uve  direct  and  the  Inverse  current.  The  posterior  extremities  of  a  frog  are  pre- 
P*r^  ^  m  to  kave  the  nerves  of  the  two  sides  connected  together  by  a  portion  of  the 
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spinal  coluroQ*  The  legs  are  then  placed  each  odc  in  a  vefimi  of  water,  and  a  feeble  gal* 
vanic  correiit  is  passed  from  one  glass  to  the  other.  It  U  evident  Ihut,  with  this  arrange- 
meDt,  the  current  will  pass  through  both  nerves,  heiDg  direct  for  the  one  and  invert©  for 
the  other.  Jn  this  ca^e^  if  the  irritabUity  of  the  nerves  be  not  too  great,  theft?  will  b© 
a  coDtraction  in  the  leg  in  which  the  current  is  direct  at  the  time  of  making  the  eircnit, 
and  the  other  leg  will  contract  wheo  the  circuit  is  broken.  This  expcrtmenl  baa  bt-v; 
modified  by  Chauveau  and  applied  to  the  two  facial  nerves  in  a, living  horse.  A  Leydrn 
jar  ia  very  feebly  charged  with  electricity,  and  the  two  facials  are  exposed.  The  cnrrent 
is  then  passed  instantaneously  throngh  both  the  nerves,  which  gives  but  a  single  stimulua 
and  that  corrcHponds  to  tbe  time  of  making  the  circuit  with  the  constant  current,  lu  thia 
expeTimentt  the  current  is  direct  for  one  nerve  and  inverse  for  the  other,  and  contract ioa 
takes  place  only  in  those  muscles  supplied  with  the  nerve  for  which  the  current  is  direct. 
The  muscular  contraction  produced  bj  galvanic  stiraulation  of  a  nerve  i»  more  vig- 
orous the  greater  the  extent  of  tlie  nerve  included  between  the  poles  of  the  battery, 
This  fact  has  long  been  observed,  and  its  accuracy  h  easily  verified.  It  would  naturull 
be  expected  tliat,  the  greater  the  amount  of  stimulation,  the  more  marked  would  be  lh# 
muscular  action ;  and  the  stimulation  seems  to  be  increased  in  proportion  to  the  extt^nt 
of  nerve  through  which  the  galvanic  current  la  made  to  pass. 

The  irritiibility  of  a  nerve,  it  is  well  known,  may  be  exhausted  by  the  repeated  appli- 
cation of  electricity,  whatever  be  the  direction  of  the  current,  and  it  is  more  or  le*«  (Hjm- 
pletely  restored  by  repose.  It  is  a  curious  fact,  in  this  connection,  that,  when  the  irrita* 
bility  of  a  nerve  has  been  exhausted  for  the  direct  current,  it  will  respond  to  the  InveD^s 
current,  and  ake  verm ;  and  it  is  even  more  remarkable  that,  after  the  irritability  hat 
been  exhausted  by  the  direct  current,  it  is  restored  more  promptly  by  stimulation  witii 
the  inverse  current  thfin  by  absokite  repose,  ami  rice  rena.  This  phenomenon,  obsened 
by  Volta,  is  sometimes  known  as  *' voltaic  altematiiin."  it  is  very  strikingly  illustrate 
in  frogs  prepared  as  above  described,  with  the  two  posterior  extremities,  the  nervca 
attached  through  a  portion  of  the  spinal  cord,  placed  in  vessels  of  water  so  that  a  current 
may  be  simultaneously  paased  through  both  nerves,  being  direct  for  the  one  and  inverse 
for  the  other.  As  we  have  already  seen,  after  a  time,  contraction  occurs  only  in  one  leg, 
for  which  the  current  is  direct,  on  making  the  circuit,  and  in  the  other,  only  on  breaking 
the  circnit.  By  repeatedly  pa*«sing  the  current  in  this  way,  after  a  time  there  will  be  no 
contraction  in  either  leg,  the  irritability  of  the  nurves  having  becouje  exhausted.     If  the 

poles  of  the  battery  be  now  reversed,  »  as 
to  make  the  iuveri^e  current  take  the  place 
of  tlie  direct,  contractions  with  making  and 
breaking  the  circuit  will  again  occur,    Th© 
irritability  nuiy  again  be  exhausted  and 
stored  by  changing  the  poles,  and  thia 
be   repeated    several  times  with  the 
preparation. 


I 

Th©  _ 
d  r«.  ■ 
\mxy  M 


Induced  Mmcuhtr  Contra*'tit>n, — ^A  cu- 
rious phenomenon  was  discovered  by  Mat- 
teocci,  in  experimenting  upon  nervous  tn<l 
mns^cular  irritability,  which  has  been  called 
*•  induced  muscular  contraction.**  It  was 
found  that,  if  the  nerve  of  a  gnlvimoacopic 
frog*s  leg  (the  leg  prepared  with  the  nenre 
attached  in  the  way  already  described)  be  placed  in  contact  with  the  muscles  of  aDotli^tr 
leg  prepared  in  the  Bame  way,  gidvanization  of  the  nerve  giving  rise  to  contraclioa  of 
the  muscles  with  which  the  nerve  of  the  first,  leg  is  in  contact  will  induce  contraction  In 
the  mugcles  of  both.     This  exiieriment  m&j  be  exti^nded,  and  contractions  may  thus  b« 
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Jtidaccd  in  a  ^nes  of  legs,  tho  ncrTc  of  one  hemg  m  contact  with  tlte  muscles  of  another. 
lib  ilJusitrates  the  great  flelicacy  of  thc^  galvaDusrico[)ic  frog's  Wg^  as  it  will  iudicAte  a 
nrrent  due  to  a  single  musifular  contraction,  vvhiclx  does  not  atiect  an  ordinary  gnlva- 
nonietefi  It  is  conclusively  proven  that  the  ^^iodueed  fontraction,'*  as  just  described,  is 
not  due  to  an  actual  propagation  of  the  galvanic*  current,  hut  to  a  Btimulua  attending  the 
mutMtuUr  contraction  itaelf,  hy  the  fact  Ujut  thu  aanie  pljenomeaa  occur  wfien  the  tirst 
moflcolar  contraction  Is  induced  by  mechanical  or  chemical  excitation  of  the  nerve. 


t      ccft 
^Bieri 


Gahnnic  Current  from  the.  Exterior  to  the  Cut  Surface  of  a  Kerre, — Before  we  study 
certain  phenomena  prescuted  in  nerves  of  which  a  i>ortion  is  t^ubjecled  to  the  action  of 
constant  galvanic  current^  it  is  important  to  note  the  fact  tliat  there  exists  in  the 
TCiS,  OS  in  the  muswiles,  a  galvanic  current  from  the  t^sterior  to  their  L-ut  sarfaco.  This 
fact  Las  been  noted  by  all  who  have  investigated  the  subject  of  electro-phyaitilogy.  It 
hoA  been  roughly  estimated  hy  Matteucci  that  the  nerve-eurrvnt  haj*  from  one-eighth 
to  one-tenth  the  intensity  of  the  rauscular  current.  The  existence  of  the  nerve-current 
ha^  as  far  aa  we  know,  no  more  physiological  significance  than  the  analogous  fact  ob- 
servi'd  in  the  muscular  tissue.  It  is  pre^nted  in  nerves  removed  from  the  body  and  has 
DO  relation  to  their  functional  activity,  whether  in  normal  action  or  excited  by  artificial 
fctltnulation. 

Eff^eta  ^f  a  C&Mtant  Gahanie  Currmt  upon  the  Nertout  IrritaMlity, — Aside  firom 
the  disorganizing  etfect  upon  the  nerves  of  a  powerful  constant  ourren*^  which  is  da© 
solely  to  decompositioTi  of  their  suhstance,  a  feeble  current  haa  been  found  to  exert  an 
important  intiuence  npon  the  nervous  irritability,  according  to  the  direction  in  which  the 
mrrent  is  passed.  The  law  in  accordance  with  which  this  influence  is  exerted  is  stated 
bf  Malteucci  as  follows : 

**  A  continued  electric  current  passed  through  a  mixed  nerve,  the  crural  or  the  Jam- 
bar,  for  example,  modities  the  excitability  of  the  nerve  in  a  very  ditlerent  manner,  accord- 
tag  to  it«  direction.  The  excitability  is  enfeebled  by  tho  passage  of  the  direct  current, 
nnri,  on  the  contrary,  it  is  preserved  and  augmenteil,  at  Icjist  within  certain  limits,  by  the 
'  current.  The  time  necessary  in  onler  tliut  the  current  shall  produce  tJiis  mcwliii- 
-.  Li  is  proportionate  to  the  degree  of  excitability  of  the  nerve  and  in  inver»*e  ratio  to 
tho  intensity  of  the  current.  After  the  breaking  ot  the  circuit,  the  modification  of  the 
Bert©  tcQils  to  cease  at  a  period  that  is  short  in  proportion  as  the  excitability  of  the  nerve 
ii  great  and  the  intensity  of  the  current  is  feeble.  This  proposition  explains  the  difler- 
<'nce  in  the  electro -physiological  effects  of  tho  continued  current  according  to  its  direc- 
tion, and  the  well-known  phenomenon  of  voltaic  alternations." 

Tldi!*  law  has  been  carefully  studied  and  formula ri7,edf  as  above,  by  Mntteucci,  hut  its 
di*oovery  is  attributed  by  physiological  writers  to  Pfaff.  After  a  time,  varying  with  the 
wcitabiiity  of  the  nerve  and  tho  intensity  of  the  current,  the  direct  current  will  destroy 
ttaj  nervous  irritability,  but  this  may  be  restored  by  repose,  or  more  quickly  by  the  pas- 
•nge  of  an  inverse  current  If  the  inverse  current  be  passed  first  for  a  faw  seconds,  a 
*?iintrftction  follows  the  breaking  of  tho  circuit;  and  this  contraction,  within  certain 
limits  H  more  vigorous  the  longer  the  current  is  passed.  At  the  same  time,  the  pro- 
-age  of  the  inverse  current  increases  the  excirability  of  the  nerve  for  any  kind 
-.  When  the  inverse  current  has  been  passed  through  the  nerves  for  several 
houra,  lircaking  of  the  circuit  is  folhtwed  by  very  violent  contraction  and  a  tetanic  coa- 
tfltinri  (iTthe  muscles,  enduring  ("nr  s*  voral  seconds^ 


Electrotonih%  Andeitrotonna^  and  Catdectrotom^, 

Many  years  ago,  Du  Bois-Keyniond  discovered  the  curious  and  interesting  fact  that, 
when  a  onnstant  galvanic  current  is  passed  through  a  portii>n  oi  a  freshly-prepared  nerve^ 
I  parts  of  the  nerve  not  included  between  tlie  poles  are  brought  into  a  peculiar  coa- 
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dltion.  While  in  Ibid  state^  the  nerve  will  deflect  the  needle  of  a  deliciite  ^Ivaooniet^ri] 
and  itd  excitability  h  modified.  The  deflection  of  the  needle^  m  this  instance,  h  not  doa 
to  the  normal  nerve-current»  for  it  occurs  when  the  g^alvnnometer  is  applied  to  the  Kiirfacd 
of  the  nerve  only.  It  is  dae  to  an  electric  tension  of  the  entire  nerve,  induced  by  th4 
passage  of  a  current  through  a  portion  of  its  extent,  This  condition  is  called  electrotonw 
The  i^henomena  tlius  produced  have  been  most  ehiborately  studied  by  PHOger,  who 
farther  recognized  a  peculiar  condition  of  that  jiortion  of  the  nerve  near  the  anode,  < 
positive  pole,  ditiering  from  the  condition  of  the  nerve  near  the  cathode,  or  negative  pole 
Near  the  anode,  the  excitability  of  the  nerve  is  diminished,  and  thi»  condition  has  beeflf 
called  anelectrotonus.  Near  the  cathode,  the  excitability  is  increased,  and  this  condittci 
has  been  called  oatelectr<»tonus,  * 

These  varied  phenomena  have  been  the  ffobject  of  extended  investigation  by  elcetr 
physiologists;  and,  although  they  are  not  to  bo  ranked  among  the  phyMological  propertie 
of  the  nerves,  they  have  considerable  putholoj^ical  and  therapenticiil  importance.     It  i 
well  known,  for  example,  that  electricity  is  one  of  the  mo&t  efficient  agents  at  our  com- 
mand for  the  retftoration  of  the  functions  of  nerves  affected  with  disease;  and  the  con-^ 
gtant  current  has,  particularly  of  late,  been  extensively  and  Bucce^sfully  nsed  as  a  thera 
peutical  agent,     Tlie  constant  current,  in  restoring  the  normal  condition  of  nerves,  must'J 
influence,  not  only  that  portion  included  between  the  poles  of  the  battery^  but  the  enttrfl 
nerve;  and  the  eleotrotonic  condition,  with  its  modifications,  explains  how  thi^  rcsiilj 
may  be  .pt>tau^ed.     Undoubtedly  the  sensory  nerves  are  affected  as  well  as  the  niotorJ 
although  we  have  as  yet  but  little  positive  information  upon  this  point.     A  knowledge  o([ 
the  fact  that  the  constant  current  diminishes  the  excitability  of  the  nerve  near  the  auo<ld| 
(anelectrotonus)  and  increases  it  near  the  cathode  (catelectrotonus)  may  become  important 
in  determining  the  direction  of  the  current  to  l>e  employed  in  different  cases  of  diseaae. 

In  the  present  condition  of  the  sutyect  of  electro-physiology,  it  will  be  unnecesaary  to] 
do  more  than  to  indicate,  as  clearly  and  simply  as  possilde,  the  laws  of  the  phtnorac 
attending  tFie  passage  of  a  constant  current  through  nerves,  as  far  as  they  have  beeol 
definitively  ascertained. 

The  phenomena  of  electrotonus  arc  very  simple  ;  and  it  is  only  when  we  attempt  tfl 
construct  a  tlieory  to  account  for  these  phenomena  that  the  subject  becomes  ob!>cm-cJ 
Suppose,  for  exatnple,  that  a  nerve  be  exposed  in  a  living  animal  or  in  one  just  ki1le<i|| 
and  a  galvanic  current  be  applied  from  a  Grove's  battery,  in  wliich  about  twelve  aqua 
inches  of  zinc  are  exposed  to  the  action  of  a  liquid  containing  one  part  of  ordinary  gnl* 
phuric  acid  to  eight  of  water,    A  delicate  galvanometer  applied  to  the  nerve  either  abova 
or  below  the  poles  will  indicate  a  decided  current,  much  more  intense  than  the  trauquU 
nerve-current  betw^een  the  exterior  and  the  cut  surface.    This  electrotonic  condition  exiftil 
so  long  as  the  galvanic  current  is  continued  ;  and,  as  has  been  shown  by  Mattencci  in  I 
operating  upon  the  higher  animals— rabbits,  dogs,  fowls,  and  sheep — when  the  galvanlel 
current  has  been  sufficiently  powerful  and  prolonged,  the  electrotonic  condition  persisti 
for  a  certain  time  after  the  stimulus  has  ceased.     As  we  have  seen  that  the  musculorl 
contraction  following  galvanic  stimulation  of  a  nerve  is  powerful  in  proportion  to  thtf»l 
extent  of  nerve  in<'lu«led  between  the  poles  of  the  battery,  so  the  electrotonic  conditiaal 
increases  in  intensity  wuth  the  length  of  the  nerve  subjected  to  the  constant  current;! 
provided,  always,  that  the  strength  of  the  current  he  slightly  increast*d  to  compensate  th<ij 
enfeebling  action  duo  to  the  resistance  in  the  increased  length  of  the  circuit. 

We  do  not  propose  to  discuss  fully  the  various  theories  tlmt  have  been  advanced  iJll 
explanation  of  the  phenomena  of  elect rotonu*.  Matteucci  has  made  a  series  (>f  intvrf^^tlngl 
observations  upon  conductors  fttrmcd  of  very  fine  wires,  one  of  platintiin  and  tlic  othctj 
of  amalgamated  zinc,  covered  with  cotton  tliread  soaked  in  a  neutral  sidulion  of  sulphntif 
of  zinc.  The  experiments  were  then  arranged  so  as  to  operate  first  w*ith  the  platinunil 
wire  and  afterward  with  the  zino,  by  passing  a  galvanic  cnrrent  throogh  a  small  portionl 
of  the  conductor,  in  the  same  way  as  it  is  passed  Ihrongh  a  portion  of  a  nerve,     lie  found 
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iLat  in  this  wa;  he  could  prodnce  a  strong  electrotonic  current  in  the  platinuni  wire^  even 
lit  a  dialance  of  more  than  three  feet  from  the  eleetrodes,  while  no  »uch  current  woa 
oUfH?rved  in  the  xinc.  He  remarks  that  in  the  platinum  wire  '*  j*econdary  polarities"  aro 
prwiiiccd  very  powerfully  and  nipidiy.  w  bile  these  are  not  developed  in  the  zhic.  From 
tii«i»6  experiments  alone,  it  might  seem  that  tlto  phenomena  of  electrotonus  are  to  ho 
crphiintHj  entirely  by  the  physioal  propertiei<  of  the  nerves  us  conductorei  nf  electricity; 
^  uhservations  on  the  nerves  under  ditierent  condition>*  have  eonelunively  proven 

lii  :  J,     All  observers  are  agreed  that  tlie  electrotonie  eonditit»n  is  marked  in  pro- 

|>ortk»u  to  the  eicitability  of  the  nerve^  and  it  i«  either  entirely  absent  or  extrvmoly  feeble 
in  nerves  that  arc  dead  or  have  loat  their  irritability.  If  a  strong  ligature  be  applied 
to  the  extra-polar  portion  of  the  nerve,  or  if  the  nerve  be  divided  and  the  cut  ends  he 
broujfljt  in  contact  with  each  other,  the  electrotonie  condition  h  either  not  observed  or 
i»  very  feeble.  These  facts  show  conclu&ivt^ly  that  tbe  phenomena  of  electrotunua 
depend  upon  the  physiological  integrity  of  nerves*.  A  dead  nerve,  or  »>ne  that  has  been 
dividod  or  strongly  ligatured,  may  present  these  phenomena  under  tbe  stimulation  of  a 
v«rv  powerful  current  (and  then  only  to  a  elight  degree),  when  the  condition  depends 
in»uri  the  purely  physical  proj»erties  of  the  nerve  a>5  a  conductor ;  but  there  is  no  com- 
fi  between  Uiese  phenomena  and  those  observed  in  nerves  that  retain  their  physi* 
-p  j4.i4d  properties,  Wore  it  otherwise,  how  could  the  phy«>inlogJcal  properties  of  a  di»- 
%nBm\  nerve  be  restored  throughniit  it^  whole  extent  by  a  constuiit  current  passed  tlirough 
L  1  portion,  when  the  excitability  of  tbe  nerve  h  only  manifested  at  the  cloa- 

i  uiug  uf  the  circuit? 

An0!4fctroeontis  and  CateUctrotomu. — It  is  interesting  to  note  that^  when  a  portion  of 
ft  nerve  ia  Bubjecled  to  a  moderately  powerfnl  cout^lant  current,  the  condition'*  i>f  the 
tfitra'|»4>lar  portions  corresponding  to  the  two  poles  t>f  t!ic  battery  are  entirely  different 
Kear  the  positive  pole,  or  anode,  the  excitability  of  the  nerve  and  the  rate  of  nervous 
conduction  are  diminished.  If,  however,  we  have  a  galvanometer  applied  to  this  fmrtion 
uf  the  nerve,  its  eject romotivo  power,  measured  by  tlie  deliecti<^>n  of  the  galvanometrie 
n^««!le,  iH  increased*  On  the  otiier  hand,  near  the  negative  pole,  or  cathode^  the  excita* 
Mfily  of  the  nerve  is  increased,  as  well  as  the  rate  of  nervous  conduction  ;  but  the  elee- 
iTwuMtive  [M>wer  is  diminished.  These  facts,  at  least  so  far  as  they  relate  to  the  increaaa 
i$i  Uir  e%citnbihty  of  the  nerve  near  tlie  cathode  and  its  diminution  near  the  anode, 
art?  partially  explained  by  Matteueci  upon  purely  physical  principles,  depending  upon 
llifi  electrolytic  action  of  the  current,  as  is  sljown  by  the  following  ejcperiment: 

Two  cups  are  tilled,  the  one  witii  a  very  feebly  alkaline  st>lution,  and  the  nther  with 
fta  equal ly  weak  acid  fluid,     A  number  of  galvanoscoinc  frogs'  legs  are  then  rapidly  pre- 
paM,  of  which  one-half  the  number  is  plunged  in  the  alkaline  and  one-ltalf^  in  the  acid 
inij  thirty  seconds  to  one  or  two  minuter.     The  parts  are  then  removed  from 
and  are  carefully  wa^lied  and  dried  in  bibulous  paper.     By  touching  tbe 
with  a  strong  solution  of  common  salt,  which  is  a  powerful  excitant  for  the  ner- 
.^-  uTifability,  the  nerves  that  had  been  exposed  to  the  alkaline  solution  produced 
iiioro  powerful  and  prompt  contractions  than  those  exposed  to  the  acid.     Now,  the  elec- 
iliolytic  action  uf  a  constant  current  tends  to  the  accumulation  of  hydrogen  and  an  alkali 
ar  the  cathode,  and  ijt  oxygen  jmd  an  acid  near  the  anode  ;  and  by  this  fact,  Matteueci 
fieplains  the  increase  of  excitability  in  catelectrotoous  and  the  diministied  excitability  in 
Anelectrttlonus,     As  regards  this  i|uesti<m,  wo  have  only  to  say,  as  in  the  case  of  gen- 
eral ^Icctrcitonus,  that  the  conditions  are  susceptible  of  a  partial  explanation  upon  purely 
phy viral  irrounds;  but  precisely  bow  far  tlie  unexplained  physiological  properties  of  the 
fi«rrr»  Are  involved,  it  \s  impossiblo  to  say. 


N^uira}  Ptfint, — ^The  anelcctrotonic  condition,  on  the  one  hand,  and  the  catelectro- 
I  oo&dUion  at  the  other  pole  of  the  battery,  are  marked  in  extra-polar  portions  of 
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the  nerve  and  are  to  be  recognized,  as  well,  in  tliut  portion  through  which  the  cur 
is  passing;  but,  between  the  poles,  is  a  \mut  where  these  conditions  meet,  as  it  were, 
and  where  tlie  excitability  is  anchanged.  This  has  been  cnJled  the  neutral  point.  Wben 
the  galvanic  current  is  of  moderate  strengtii,  the  neutral  point  is  about  half- way  hetw«<eii 
the  poIcK.  '*  Wheti  a  weak  current  h  used,  the  neutral  point  approaches  the  positlTo 
pole,  while  in  a  strong  current,  it  approaches  the  negative  (lole.  In  other  words,  in  a 
weak  current  the  negative  pole  rules  over  a  wider  territory  than  the  positive  |»ole, 
whereas  in  a  strong  current  the  positive  pole  prevails/^     (Rutherford.) 

Negative  Variation,— Th^t^  remains  to  be  considered  one  curious  phenomenon,  dia- 
covered  by  Du  Bois-Reymond^  which  depends  upon  the  action  of  a  rapi<ily4nterrnpte4 
current  applied  to  an  excitable  nerve.  If  a  galvanometer  be  applied  to  »  living  nerve  so 
as  to  indicate  by  ita  deviation  the  normal,  or  tninquil  nerve-current,  a  rapidly -interrupted 
current  of  electricity  passed  through  a  portion  of  tlie  nerve,  it  ia  well  known,  produces  a 
tetanic  condition  of  the  musclea.  If  we  now  watch  tlie  needle  of  the  galvanometer,  it 
will  be  olMerved  to  retrograde  and  will  finally  return  to  zero,  indicating  that  the  proper 
nerve-current  has  been  overcome.  This  will  be  observt^d  to  a  slight  degree  under  the 
influtnce  c»f  mechanical  or  cbeiiiicol  atiuiulation  of  the  nerve,  the  proper  nerve-cnrrent 
being  diniinisbed,  but  generally  not  abdisbed.  This  variation  of  the  needle  under  the 
influence  of  the  tetanic  condition  has  been  called  negative  variation.  We  do  not  yet 
know  that  it  has  any  important  physiological  or  pathological  significance. 


COAPTER  XVIII. 


SPINAL  XERVE&-MiiTf}R  CRAKIAL   NERVES. 


Bpwlal  neiTM  efttnlog  from  the  Apinul  eord— CntBlal  oenrca— Anntoinlcal  (•lA&<iif!c>JitlaD^rbr«tolo0<nil  '«la«jilfif«tioo-^ 
Motor  ocuH  poiTirauDiH  (thIM  nerve)»Plix»loluff)ca]  mutoiny — l'm|MirUfft  mitJ  nmciioua— |}iltii«t)cc  ui*on  tji# 
movomeDlft  of  tbo  lri.«— Patbetiotu,  or  trochlearis  (fonrtU  nervi)— t*hyi*''*'*»t'tc»*l  wmtamy— Prn|H'rtlc*  i»D«J  (Vino 
tions— Mrttor  ix-tjll  extern iit,  or  abdnc«ii«  (nlxtli  nerve,*)— PliyftioleHfi**!  mmtomy— PtoiitrtlM  itn4  f^tiM^tloo*— 
Motor  n<*rvt'*  of  th<j  fiwM? — Norv<f  of  »ia»tkatinn  (tb<»  ffmall,  or  ntotur  root  of  tbo  OfUiH-Pliyslohitlrml  ciuitiQiitX 
—  D*H>fi  oriirin— IH^tribuUoa— Proiwrttea  inil  fticftioua  of  tho  nvrw  of  nmfUciition^FiicUl  uvrxi^,  or  Xit^rtm  «f 
cxpn^^aion  (tbti  portlo  dura  of  tbi*  seventh)  -  Pliyf*iolq^cjil  aimtomy— liiti-nn»?4l»r|[-  ihtvo  of  V\  rt*hriig— l)reu»- 
fiatlon  of  Ibe  flbrei  of  origin  of  the  bclAl — ^Alttrnati?  iMiralyfllB—Cmrmt  and  unAtrllmUun  of  the  flirtui— Afi«i»la- 
mm^  with  ^nfltlvc  ncrre»^PrDpairtli*i  and  functiotss  of  the  ftuLi)— h'uiictioii!i  tjf  tbn  bmncUos  t»f  the  l^lftl 
within  the  ariuwltict  of  FAlloplliift--FiuicttonH  of  tho  rhonla  tyniimii*— Influvnccr  of  Turloua  Imncbi^a  of  tbc>  ftdiil 
upon  th(5  niovctncntji  of  the  paUtc  iizhI  uvufci— FtineUooe  of  tb€'  I'lftiirnitl  hmnchtrs  of  the  IWbl — ^^ptimJ  ^ct^^^otf 
nerve  {third  dtvi«loti  of  thfl  iMiihth)— PhysloUiirttal  aimtomy— ProiMjrtico  »hd  fiiutUtmji  nf  Uir  •j»»fifi!  i-if^trtMarf-^ 
FnoetloDA «f  the  liitemal  hnncb  from  the sjitoo]  aevetBorj  to  the  ptuunioiniftrU'— tntlueor 
eory  npoii  the  beirt — FunetloDt  of  tho  exteiml,  or  miucukr  brpiuch  nf  Uit^  «piwil  Ht< 
bypoiirtoMai  uerve  (Di2ith)^Phyita)o0nl  uutooiy'-Proportic'Gt  wid  fiu)tti«jji»  *»t  tbu  tuUii.^,. 
poralyila. 

Spinal  Nerves. 

WiTff  a  thorough  knowledge  of  the  general  properties  of  the  nerves  belonging  to  tlio 
cerebro'*«pjnal  system,  the  functions  of  most  of  the  dpeeinl  nerves  are  nffptirent  Pimply 
from  their  anatomical  relations.  Thisi  is  especially  true  of  the  spinal  nerws.  The«4%  in 
general  terms,  are  <ii!;tributed  to  the  muscles  of  the  trtink  and  extreruttiei,  to  tht*  sphinc- 
ters and  the  integument  covering  these  part^  tlie  jiogterior  segment  of  the  hi-ad,  and 
a  portion  of  the  mucous  membrfines.  It  in  evident,  therefore,  that  an  account  of  tlie 
oiact  function  of  each  nervoun  branch  would  necessitate  a  full  description,  not  onlj  of 
the  nerves,  but  of  the  niuecles  of  the  body»  which  is  manifestly  within  the  acope  only  of 
elaborate  treatises  on  descriptive  anatomy.  It  is  sufficient  to  indicate,  in  tins  coniic<K 
tion,  that  there  are  thirty-one  pairs  of  spinal  nerves;  eight  cervical,  twelve  dorsaK  ^"^^ 
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r,  five  sacral,  antl  one  coccypfeaL  Eacb  nerve  ftriaes  from  the  spinal  cord  by  an 
ttit<5nor  (motor)  and  a  posterior  (sensory)  root;  tlie  posterior  roots  being  the  Ur^fer,  and 
t%th  havmi^  n  gaogliun.  Immediately  beyond  the  gantclion,  the  two  roots  tinilc  into  a 
stoirle  mixed  invrvc%  which  passes  uijt  of  the  ^pinid  canal  by  the  intervertebral  tVirumen. 
The  nerve  tJias  constituted  h  endowed  with  bt>th  motor  and  sensory  properties.  It 
ilivMu^  outside  of  tht'  spinal  canid  into  two  br/inches,  anterior  and  posterior,  both  eon- 
taiiilnj*  motor  and  sensn^ry  fihiments,  which  are  distributed  respectively  to  the  anterior 
and  the  posterior  part!*  of  the  body,  TIic  anterior  branchoti  are  tlie  larger,  and  they  sup- 
ply tl»e  limbs  and  all  parti  in  front  of  the  spinal  column. 


a%t$i  aortic    (illr»clii- 


,  a-.t.r  ^  ■•  ,.   iriiir   tv 


10. 


Fig,  \9^,—f)ijrmt  j>nfii4m  qf         Fw.   Wi.-^lnffHar  paction  qf 
th*  •pinal  Cora.    (HlrvcU-  the  Mpimtl  atnl^  ami  eai*- 


11.  11.  il.  I  i 
-rior  ritttft*  > 

1 1 — V,  lumi/itr  fiffiyn  ,    I—  \ ,  Moeruf  utt  rt": 


'flio  anterior  branches  ut  the  iouv  upper  cervical  nerves  fnrni  the  CiT\ieal  plexus,  and 
the  four  inferior  cervical  nerves,  with  the  first  dorsal,  i'urm  the  brachial  pleiU!!;.  The 
interior  branches  of  the  dorsal  nerves,  with  the  exception  of  the  first,  supply  tlie  walla 
of  the  che!»t  and  abdomen.  These  nerves  ^o  directly  to  their  (liRtrtbution^  and  do  not 
*t  form  a  plexna,  like  most  of  the  other  sydnal  nerves.  The  nnterior  branches  of  the 
"fottr  upper  lundmr  nerves  form  the  lundiar  plexng.  The  anterior  brunch  of  the  fifth 
Intnhar  nerve  and  a  branch  from  the  fourth  unite  with  the  anterior  branch  of  the  firi^t 
craL  fonuinif  tht^  lundio-facrjil  nerve,  and  enter  into  ihe  sacral  plexns,  The  three 
er  anieriur  sacral  nerves  with  a  branch  from  the  fourth  fomi  the  sacral  plexuB.  The 
(9t  portion  of  the  fourth  anterior  sacral  ia  distributed  to  the  pelvic  viscera  and  the 
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muscles  of  the  anns.  The  fiftb  interior  sac  ml  and  the  coccygeal  aro  di0tribiit4^  ahonH 
tb©  coccyx. 

Thti  posterior  branches  of  tlie  spinal  nerres  are  very  simple  in  their  dbtribntiiiii. 
With  one  or  two  exceptions,  which  havu  no  great  pbjsiological  tinportancc,  these  nerves 
pass  backward  from  the  main  trunks  divide  into  two  branches,  external  and  internal,  and 
their  filaments  of  distribution  go  U*  the  muscles  and  integument  belilnd  the  spinal  eolnritn. 

It  is  farther  important  to  note,  as  we  shall  have  occasion  to  do  more  particularly  ta 
connection  with  the  great  sytnpathetic  nerve^  that  all  of  thu  cerebro  spitial  nerres  iinoi- 
tomose  with  the  sympathetic.  This  anatomical  connection  between  the  two  systenis  of 
nerves  has  great  physiological  intt^rest. 

Cranial  Nerves. 

The  nerves  which  pass  ont  from  the  cranial  cavity  present  certain  differences,  in  tli«r 
arrangement  and  general  properties,  fronn  the  ordinary  spinal  nerves.  As  we  have  ^een, 
the  spinal  nerves  are  exceedingly  simple,  each  one  being  fftnned  by  the  onion  of  a  nuitor 

and  a  sensory  root.  The  function  of 
most  of  them  follows  as  a  matter  of 
course  when  we  understand  I  heir  g«ti* 
era!  properties  and  anatomical  djj4ri- 
bution.  Many  of  the  craninl  nenca^ 
however,  are  peculiar^  either  as  regard* 
their  general  properties  or  in  their  d»- 
tribution  to  parts  concerned  in  specml 
tut]ctio!iH.  In  some  of  these  nervea«  tlie 
most  important  facts  conceming  tlietr 
distribution  have  been  aecertained  only 
by  physiological  experimentation,  and 
their  anatomy  is  inseparably  cunnerted 
with  their  physiology*  It  would  be  d^ 
sirable^  if  it  were  po««*ible,  to  classify 
these  nerves  with  reference  slriclly  to 
their  jiropcrties  and  functions ;  but  tijis 
can  be  done  only  to  a  certain  ertrnt^ 
and  wc  must  adopt  as  a  basis  those 
divisions  recognised  in  the  best  works 
upon  anatomy. 

The  two  classlficatiorm  of  the  cranial 
nerves  adopted  by  most  mmtomist*  are 
the  arrangements  of  Wllli:^  and  of  Sdm- 
njerring.  The  first  of  these  is  the  niorv 
common,  and  in  it  the  nerves  are  nuzn* 
bered  from  before  backward^  in  the  or- 
der in  which  they  pass  out  of  the  akuD, 
making  nine  pairs* 


Pio.  t£)5.— iif oaf #  of  tk*  cranUtl  i 
I.  First  imtr ;  olfactoff , 

III.  Thirl  '  roeuUeoniinunlfi. 

IV,  Foil  'cllctW, 

V,  Fin !  of  iDftBlicattoo  and  tribebL 

VT.  Slxiti  [1...1  .  m-.i.jrflcull  ext«itii»* 

vn'i' !;^;r,'orv  }«*-'>"' p-'' 

IX    ' 

XI 

Tbc  oumbfrs  t  to  Id  refter  to  bmadLOS  ivhksh  wtfl  b»  d«8eH1}«d 
b«c«ftaer. 


"'[ 


Eighth  pair. 


Anaiomical  C^  ''m 

Crani"  '.*. 

Firtt  i*ai>.— Olfactory ;  Uie  speekl 
nerve  of  smelK 
Second  Pair. — Optic  ;   the  special  nerve  of  sight, 

Thirii  Pair — Motor  oculi  commanis;  a  motor  nerve  distributed  to  all  of  the  musries 
of  the  eyeball,  except  the  eitemal  rectus  and  the  superior  ubliciae,  to  the  iris,  and  t*>  ili« 
levator  palpebr®. 
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Iburth  Fair. — Pathetioas,  or  trooblearis ;  a  motor  nerve  sent  to  the  superior  obliqne 
moscle  of  the  eje. 

Fifth  Pair. — A  small  motor  root  (nerve  of  mastication),  distributed  to  the  mnscles  of 
mastication,  and  a  large  root  (trifacial),  the  nerve  of  general  sensibility  of  the  face. 

Sixth  Pair. — ^Motor  oculi  extemus,  or  abducens;  a  motor  nerve  passing  to  the  exter- 
nal rectus  muscle  of  the  eye. 

Seventh  Pair. — Portio  mollis,  or  auditory,  a  special  nerve  of  hearing ;  and  the  portio 
dura,  or  facial,  a  motor  nerve  distributed  to  the  superficial  muscles  of  the  face. 

Eighth  Pair. — Glosso-pharyngeal ;  pneumogastric,  or  par  vagum ;  and  spinal  acces- 
sory.   Three  mixed  nerves,  with  quite  extensive  distributions. 

Mnth  Pair. — Sublingual,  or  hypoglossal ;  a  motor  nerve  distributed  to  the  tongue. 

PhysiologiccU  Classi/lcatiofh  of  the  Cranial  Nerves. 

(a)  Nerves  of  Special  Sense, 
Olfactory. 
Optic. 
Auditory. 

Gustatory,  comprising  a  part  of  the  glosso-pharyngeal  and  a  small  filament  from  the 
facial  to  the  lingual  branch  of  the  fifth. 

(b)  Nerves  of  Motion, 

Nerves  of  motion  of  the  eyebaU,  comprising  the  motor  oculi  communis,  the  patheti- 
cna,  and  the  motor  oculi  extemus. 

Nerve  of  mastication,  or  motor  root  of  the  fifth. 
Facial,  sometimes  called  the  nerve  of  expression. 
Spinal  accessory. 
Sublingual. 

(c)  Nerves  of  Oeneral  Sensibiiiiy, 

Trifacial,  or  large  root  of  the  fifth. 
A  portion  of  the  glosso-pharyngeal. 
Pneumogastric. 

In  the  above  arrangement,  the  nerves  are  classified  according  to  their  properties  at 
their  roots.  In  their  course,  some  of  these  nerves  become  mixed  and  their  branches  are 
both  motor  and  sensory,  such  as  the  pneumogastric  and  the  inferior  maxillary  branch  of 
the  trifacial. 

The  nerves  of  special  sense  are  but  slightly  if  at  all  endowed  with  general  sensi- 
bility ;  and,  with  the  exception  of  the  gustatory  nerves,  they  do  not  present  a  ganglion 
on  their  roots,  in  this,  also,  differing  from  the  ordinary  sensory  nerves.  They  are  capa- 
ble, therefore,  of  conveying  to  the  nerve-centres  only  certain  peculiar  impressions ;  such 
as  odors,  for  the  olfactory  nerves;  light,  for  the  optic  nerves;  and  sound,  for  the  auditory 
nerves.  The  proper .  transmission  of  these  impressions,  however,  involves  the  action  of 
accessory  organs,  more  or  less  complex ;  and  we  shall  pass  over  the  properties  of  these 
nerves  until  we  come  to  treat  in  full  of  the  special  senses. 

Motor  Oculi  Communis  {Third  Nerve). 

The  third  cranial  nerve  is  the  most  important  of  the  motor  nerves  distributed  to  the 
muscles  of  the  eyeball.  Its  physiology  is  readily  understood  in  connection  with  its  dis- 
tribution, the  only  point  at  all  obscure  being  its  relations  to  the  movements  of  the  iris, 
upon  which  the  results  of  experiments  are  somewhat  contradictory.  As  an  introduction 
to  the  study  of  the  ftmctions  of  this  nerve,  it  will  be  necessary  to  describe  its  anatomical 
relationa. 

30 
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Physiologieal  Anat(miy.—lJike  aU  of  the  cranml  nerves,  tlm  bad  an  apparent  origin, 

where  it  separates  from  the  encephalon,  and  a  dec^p  origin,  which  is  the  la-st  point  to 
which  its  fibres  can  be  traced  in  the  gabstance  of  the  bridn ;  but  the  origin  has  nut  the 
physiologioal  importance  attached  to  its  ultimate  distribution. 

The  apparent  origin  of  the  third  nerve  is  from  the  inner  edge  of  the  eras  cerebri,  diri«tct- 
\j  in  front  of  the  pons  Varolii,  midway  between  the  pons  and  the  corpora  olbicantJA.  It 
presents  here  from  eight  to  ten  lilaments,  of  nearly  equal  size,  which  soon  unite  into  a 
eingle,  rounded  trunk. 

The  deep  origin  of  the  nerve  has  been  studied  by  dissections  of  the  encephulon  freeli 
and  hardened  by  different  liqiiidB,  From  the  groove  by  which  they  emerge  from  tli* 
eneephaloii,  the  fibres  spread  out  in  a  fan-shape,  the  middle  filaments  pai»sing  inward^  the 

anterior.  Inward  and  forward,  and  the  posterior, 
inward  and  backward.  It  b  probable  that  th« 
middle  filaments  pass  to  the  median  line  and  de 
€ussftte  with  corresponding  fibres  from  the  ofipo- 
site  side.  The  anterior  filaments  pa&g  forward 
and  are  lost  in  the  optic  thalamus.  The  po^te* 
rior  tilaments  on  either  side  pass  backward  ami 
decussate  beneath  the  aqueduct  of  Sylvius,  This 
apparent  decussation  of  the  fibres  of  origin  of  the 
third  nerves  is  important  in  connection  with  the 
Imrmony  of  action  of  the  muscles  of  the  eyes  and 
the  iris  npon  the  two  sides^ 

The  distribution  of  the  third  nerve  b  very  ' 
simple.  As  it  passes  into  the  orbit  by  the  splie* 
noidal  fissure,  it  divides  into  two  brandies.  Tlie 
superior^  which  is  the  smaller,  passes  to  tlie  su- 
perior rectua  muscle  of  the  eye,  and  certiun  of 
its  filaments  are  continued  to  the  levator  pdp«K  | 
lirflB  superiorts.  The  inferior  division  breaka  up 
into  three  branches.  The  internal  brancli  pas»^ 
es  to  the  internal  rectus  muscle;  the  inferior 
branch,  to  the  inferior  rectus;  the  external 
branch,  the  largest  of  the  three,  is  distnbnted  to 
the  inferior  oblique  muscle,  and,  in  its  oonne^  it 
sends  a  short  and  thick  filament  to  the  leDticnlar, 
or  ophthalmic  ganglion  of  the  sympathetic.  It  is  this  branch  which  is  supposed,  through 
the  short  ciliary  nerves  passing  from  ih^  lenticular  ganglion,  to  furnish  the  motor  intfn- 
ence  to  the  iris.  In  its  coorw?,  this  nerve  receives  a  few  very  delicate  filnments  froin  ihc 
cavernous  plexus  of  the  sympathetic  aud  a  branch  from  the  ophthalmic  division  of 
the  trifacial. 


Fic.  lH.—IH*triffutiim  of  tht  maivr  ceuU  oom- 
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Properties  and  FSinttiom  of  the  Motor  OfuH  Communh, — Irritation  applied  to  the^ 
root  of  the  third  nerve  in  a  living  animal  prodnces  controction  of  tlie  muBcles  to  which 
it  is  distributed,  but  no  pain.  If  the  irritatinn,  however,  be  appli<*d  a  little  farther  on, 
in  the  course  of  the  nerve,  there  are  evidences  of  sensibility,  which  h  readily  explfttned 
by  its  communications  with  the  ophthalmic  branch  of  the  trifaciaL  At  its  root,  then>* 
fore,  this  nerve  is  exclusively  motor,  and  its  functions  are  connected  entirely  with  tho 
action  of  mu»clea. 

Most  of  the  important  facts  hearing  npon  the  functions  of  the  motor  ocnli  are  clearly 
demonstrable  by  dividing  the  nerve  in  a  living  animal  and  are  illustrated  by  cumm  tyf  Lia 
paralysis  in  the  human  subject.  All  physiologists  who  have  divided  the  nerve  in  living 
animals  are  agreed  with  reganl  to  the  phenomena  following  its  section,  which  ik*p 
npon  paralysis  of  the  voluntary  muscles.    These  phenomena  ore  as  follows : 
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1.  Fulling  of  the  upper  eyelid,  or  blepharoptosis. 
2-  Externa]  strabismus,  immobility  of  tho  eye  (except  in  an  outward  directioaX  ina- 
btlity  to  rotate  tbe  eye  on  its  antero-posterior  axia  in  certain  directiona,  with  slight  pro- 
tniaion  of  the  eye- ball. 

8.  Dilatation  of  the  pupil,  with  a  certain  amount  of  interference  with  the  tnovementa 
of  the  iris. 

The  falling  of  the  upper  eyelid  is  constantly  observed  after  division  of  the  third  nerve 
in  living  animals  and  always  follows  its  complete  paralysis  in  the  human  subject.  An  ani- 
nml  in  which  the  nerve  has  been  divided  cannot  raise  the  lid,  but  can  ap[)roximate 
be  lida  more  closely,  by  a  voluntary  eflTort.  In  the  human  subject,  the  falling  of  the  lid 
|i\es  to  the  face  a  very  peculiar  and  characteristic  expression.  The  complete  loss  of 
Dwcr  shows  that  the  levator  palpebrm  snperioris  muscle  depends  upon  the  third  nerve 
Qtirely  for  its  motor  filament*.  In  pathology,  external  strabismus  is  very  frequently 
observed  without  falling  of  the  lid,  the  filament  distTibnted  to  the  levator  muscle  not 
being  afected. 

The  eiternal  strabismus  and  the  immobility  of  the  eyeball  except  in  an  outward  direc- 
tion are  due  to  paralysis  of  the  internal,  superior,  and  inferior  recti  muscles,  the  external 
reetn*  acting  without  it«  antagonist  This  condition  re<^uirefl  no  farther  explanation. 
tiesc  points  are  well  illustrated  by  the  experiment  of  dividing  the  nerve  in  rabbita. 
'  the  bead  of  the  animal  be  turned  inward,  exposing  the  eye  to  a  bright  ligbt,  the  globe 
will  ttim  outward,  by  the  action  of  the  external  rectus ;  but,  if  the  head  be  turned  out- 
wnrdf  ttie  globe  remains  mot'^onless* 

It  is  somewhat  difficult  to  note  the  efiects  of  paralysis  of  the  inferior  oblique  muscle^ 
which  ift  also  supplied  by  the  third  nerve.  This  muscle^  acting  from  its  origin  at  the 
inferior  and  internal  part  of  the  circumference  of  the  base  of  the  orbit  to  its  attachment 
the  inferior  and  external  part  of  the  posterior  heraisphere  of  the  eyeball,  gives  to  the 
E>bc  a  movement  of  rotation  on  an  oblique,  horizontal  axis,  downward  and  backward, 
direct tng  the  pupil  upward  and  outward.  When  tbis  muscle  is  pariilyzed,  the  superior 
oblique,  having  no  antagonist,  rotates  the  globe  upward  and  inward,  directing,'  the  pupil 
downward  and  outward.  The  action  of  the  oblique  muscles  is  observ^ed  when  we  move 
the  head  alternately  toward  one  shoulder  and  the  other.  In  the  human  subject,  w*hen 
tlie  inferior  oblique  muscle  on  one  side  is  paralyzed,  the  eye  cannot  move  in  a  direction 
o-pp<i«ite  to  tbe  movements  of  the  head,  as  it  does  upon  the  sound  side,  so  as  to  keep  the 
pnpil  fixed,  and  the  patient  has  double  vision. 

When  all  the  muscles  of  the  eyeball,  except  the  external  rectus  and  superior  oblique^ 
nn?  paralyzed,  a«  they  are  by  section  of  tlie  third  nerve,  the  globe  is  sliglitly  protruded, 
simply  by  the  rehixation  of  most  of  its  nmscles.  An  opposite  action  is  easnly  observod 
in  11  CAt  with  the  facial  nerve  divided,  so  tliat  it  ciinnot  close  the  lids.  When  tbe  comeoi 
U  toochetl,  all  of  the  muscles,  particularly  the  four  recti,  act  to  draw  the  globe  into  the 
rbit,  which  allows  the  lid  to  tall  shghtly,  and  projects  the  little  membrane  which  serves 
I  a  third  eyelid  in  tliese  animals. 
Observations  with  regard  to  the  influence  of  the  third  nerve  upon  the  movements  of 
the  iris  have  not  been  so  sati.sfactory  in  their  results  as  those  relating  to  the  muscles  of  the 
feball.  It  will  bo  remembered  that  tliis  nerve  sends  a  filament  to  the  ophthalmic  gan- 
[ion  of  the  sympathetic,  and  that,  from  this  ganglion,  the  short  ciliary  nerves  take  their 
origin  and  pass  to  the  iris.  The  ganglio  of  tho  sympathetic  system  receive  branches  both 
from  motor  and  sensory  nerves  belonging  to  the  cerebro -spinal  system,  and  the  ophthal- 
mic ganglion  is  no  exception  to  this  rule.  While  it  is  undoubtedly  true  that  division  of 
ijlio  third  nerve  atfects  the  movements  of  the  iris,  it  becomes  a  question  whether  this  be 
direct  influence,  or  an  influence  exerted  primarily  upon  the  ganglion,  not,  perhaps, 
' '  iV'im  the  general  effects  upon  the  svrapathetic  ganglia  that  follow  destruction  of 

}t\  ,  lies  of  communication  with  the  motor  nerves. 

Iho  most  important  experimental  observations  with  regard  to  the  Influence  of  the 
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third  nerve  upon  the  iris  are  tbe  following :  Herbert  Mayo  made  esperiments  cm  thirty 
pigeons,  living  or  jtist  killed,  upon  tiie  action  of  the  optic,  the  third,  and  the  fiith  nerves 
un  tlje  irii..  He  states  that,  when  the  third  nerves  are  divided  in  the  cranial  eavitT  in  a  Ut- 
ing  pigeon,  the  pupil  a  become  fully  dilated  and  do  not  contract  on  the  admission  of  int«iiae 
light ;  and,  when  the  same  nerves  are  pinched  in  the  living  or  dead  bird,  the  pupils  ano 
cuntraoted  for  an  instant  on  each  stiuiiilation  of  the  nerves.  The  same  recruits  fullow 
diviiJion  or  irritation  of  the  optic  nerves  under  similar  conditions;  bat,  when  the  third 
nerves  have  been  divided^  no  change  in  the  pnpil  ensues  upon  irritating  the  entire  or 
divider!  optic  nerves. 

The  above  eiperimenta  are  accepted  bj  nearly  all  physiological  writers ;  and  the 
asaumption  is  that  the  third  nerves  animate  the  ttiusculur  iibres  that  contract  tlie  ptiptl^ 
the  contraction  produced  by  irritation  of  the  optic  nerves  being  reflex  in  its  cJiaractcr* 
Later  observers,  however,  have  carried  their  experiments  somewhat  farther.  LongtftI 
divided  the  motor  oculi  and  the  optic  nerve  upon  the  right  side.  He  found  that  irrita- 
tion of  the  central  end  of  the  divided  optic  nerve  produced  no  movement  of  the  pupil 
of  the  side  upon  which  the  motor  oculi  had  been  divided,  but  eauseil  contraction  of  tJie 
iris  upon  the  opposite  side*  This,  taken  in  connection  with  the  fact  that,  in  amauroais 
affecting  one  eye,  the  iris  upon  tlie  affected  side  will  not  contract  under  the  atioiulue  of 
light  applied  to  the  same  eye,  but  will  act  when  the  unityured  eye  is  e^osed  to  tlie 
light,  farther  illustrates  the  rellei  action  which  takes  place  through  these  nerves. 

The  relie:x  action  by  which  tlie  iris  is  contracted  is  not  instantaneous,  like  most  of  th« 
analogous  phenomena  observed  in  the  cerebro-spinal  system,  and  its  operations  are  rather 
characteristic  of  the  sympathetic  system  and  the  non-striated  muscular  tissue.  It  has 
been  found,  also,  by  Bernard,  in  experiments  upon  rabbity  that  the  pupil  is  not  immedl* 
ately  (Ulnted  after  division  of  the  third  nerve.  The  method  employed  by  Bernard*  intri>- 
dacing  a  hook  into  the  middle  temporal  fossa  through  the  orbit  and  tearing  the  nen*«, 
can  hardly  be  accomplished  without  touching  the  ophthalmic  branch  of  the  fifth,  whidi 
produces  intense  pain  and  is  always  followed  by  a  more  or  less  persistent  contraction  of 
the  pupil.  Several  hours  after  the  operation,  however,  the  pupil  is  generaUy  foimd 
dilated,  and  it  may  slowly  contract  when  the  eye  is  exposed  to  the  light.  In  one  experi* 
ment,  this  occurred  after  the  eye  had  been  exposed  for  an  hour.  But  farther  experi- 
ments by  Bernard  show  that,  although  the  pupil  contracts  feebly  and  slowly  under  the 
stimulus  of  light  after  division  of  the  motor  oculi,  it  will  dilate  under  the  influence  of 
,  belladonna  and  c^n  be  made  to  contract  by  operating  upon  other  nervea.  It  b  well 
known,  for  example,  that  division  or  irritation  of  the  fifth  nerve  produces  contraetion  of 
the  pupil.  Tljis  takes  place  after  as  well  as  before  division  of  the  third  nerve.  Section 
of  the  sympathetic  in  the  cervical  region  also  contracts  the  iiupil,  and  this  occurs  after 
paralysis  of  the  motor  oculi.  Tbeae  facts  show  that  the  third  nerve  is  not  tlie  only  oiM 
capalile  of  acting  upon  the  iris,  and  that  it  is  not  the  sole  avenue  for  the  Iransmisioa 
of  reflex  influences. 

Bernard  also  found  that  galvanization  of  the  motor  oculi  itself  did  not  prodace  ooifc- 
traction  of  the  pnpU,  but  this  result  followed  when  he  galvanized  the  ciliary  nerves 
coming  from  the  ophthalmic  ganglion.  Ohauveau  states  that,  in  experiments  upon 
horses,  he  has  not  observed  contraction  of  the  pupil  following  galvanization  of  the  motor 
oouli,  although  he  has  sometimes  seen  it  in  rabbits.  At  all  events,  contraction  is  by  no 
means  constant;  and,  when  it  occurs,  it  probably  depends  upon  stimulation  of  the  ciliary 
nerves  themselves  or  irritation  of  the  ophthalmic  branch  of  the  flfth,  and  not  upon  stimu- 
lation of  the  trunks  of  the  third  pair. 

The  movements  of  the  iris  will  be  treated  of  again,  in  connection  with  the  physiology 
<jf  vision  ;  but  we  may  here  allude  to  an  interesting  fact  observed  by  Moller,  which  relate* 
to  the  action  of  the  motores  oculorum.  When  the  eye  is  turned  inward  by  a  volantiuy 
effort,  the  pupil  is  always  contracted  ;  and  when  the  axes  of  the  two  eyes  are  mado  to 
ooDTerge  strongly,  aa  in  looking  at  near  objeota,  the  contraction  is  very  great. 


^Ifa 
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The  foUowing  case,  kindly  sent  for  exanimation  hj  Dr.  Altbof,  of  tlie  New  York  Eye 
Infirmary,  illustrates,  in  the  liHiuiui  siibjoct,  nearly  all  uf  the  phenumeDa  foUowiDfc  paraly- 
sEs  of  the  motor  oculi  comnaimiB  in  experiments  upon  the  lower  animala : 

The  patient  was  a  girl^  nineteen  years  of  age,  with  complete  paralysifi  of  the  nerv© 
ftpoD  the  left  iiiile.  There  was  slight  protrusion  of  the  eyeball,  complete  ptosis,  with  the 
a()il  iii'xlerately  dilated  and  insensible  to  ordinary  impressiona  of  light.  The  sight  waa 
not  atlectcd,  but  there  was  double  vision,  except  when  objects  were  placed  before  the 
eyesfto  that  the  axes  were  parallel,  or  when  an  object  wajs  seen  with  hot  one  eye.  The 
axia  of  the  left  eye  was  turned  outward,  but  it  was  not  possible  to  detect  any  deviation 
opward  or  downward.  Uj)on  causing  the  patient  to  incline  the  head  alternately  to  one 
shoulder  and  the  other,  it  was  evident  that  the  atFected  eye  did  not  rotate  in  the  orbit 
but  moved  with  the  head.  This  seemed  to  be  a  case  of  complete  and  nncompltcated 
paralysb  of  the  third  nerve. 

Pathetieus^  or  TrochlearU  {Fourth  Nert)e). 

Kcept  as  regards  the  influence  of  the  motor  ocuH  communis  upon  the  iris,  the  pa- 
theticua  is  to  be  classed  with  the  other  motor  nerves  of  the  eyeball.  Its  physiology 
is  extremely  simple  and  resolves  itself  into  the  action  of  a  angle  niosole,  the  superior 
oblique.  It  will  be  necessaryi  therefore,  only  to  descrlbti  iia  origin,  distribution,  and 
ocmnections. 


Phy*\olcgkal  Anatomy. — The  apparent  origin  of  the  patheticns  is  from  the  superior 
pedtinclea  of  the  cerebellum ;  but  it  may  be  easily  traced  to  the  valve  of  Vieussena.  The 
deep  roota,  which  are  covered  by  an  extremely  thin  layer  of  nerve-snbstance,  can  be 
ced,  passing  from  without  inward,  tu  the  following  parts:  One  filament  is  lost  in  the 
bbstftuce  of  the  peduncles ;  other  tihiments  pass  from  before  backward  into  the  valve 
cf  Meussons  and  are  lost,  and  a  few  pass  into  the  frenulum;  a  few  filameots  pass  back- 
ward and  are  lost  in  the  corpora  quadngomioa ;  but  tiie  greatest  number  pass  to  the 
median  line  and  decussate  with  corresponding  lilaments  from  the  opposite  side.  The 
decussation  of  the  fibres  of  origin  of  the  fourth  nerves  has  the  same  physiological  signifi- 
cance as  the  decussation  of  the  roots  of  the  third.  From  tliis  origin,  the  [latheticus  passes 
into  the  orbit  by  the  sphenoidal  fissure  and  is  distributed  to  the  superior  oblique  muscle 
of  the  eyebalL  In  the  cavernous  sinns,  it  receives  branches  of  coniraxmication  from  the 
ophthalmic  branch  of  the  fifth,  but  these  are  not  closely  united  with  the  nerve.  A  small 
brsDCili  paeees  into  the  tentorium,  and  one  joins  the  lachrymal  nerve,  these,  however, 
being  exclusively  aeositive  and  coming  from  the  ophthalmic  branch  of  the  fifth.  It  also 
feceiv<>ea  few  filaments  from  the  sympathetic. 

I  and  Functions  of  the  Path€Ucu4. — Direct  observations  npon  the  pntheticns 
in  living  animals  have  shown  that  it  is  motor,  and  its  galvanization  excites  contraction 
of  tiie  superior  oblique  muscle  only.  The  question  of  the  function  of  the  nerve,  there- 
fore, resolves  itself  simply  into  the  mode  of  action  of  the  superior  oblique  muscle.  This 
QQide  arises  just  above  the  inner  margin  of  the  optic  foramen,  passes  forward,  along  the 
tipper  wall  of  the  orbit  at  it;*  inner  angle,  to  a  little  cartilagintnis  ring  which  serves  m  a 
pnlh^T.  Prom  its  ori^nn  to  this  point  it  is  muscuhir.  Its  tendon  becomes  rounded  just 
Mi^ra  it  paj^ses  through  the  pulley,  where  it  makes  a  sharp  curve,  passes  outward  and 
^li;jhtly  backward,  and  becomes  spread  out  to  be  attached  to  the  globe  at  tfie  superior 
anil  external  part  of  its  posterior  hemisphere.  It  acts  upon  the  eyeball  from  the  pulley 
lit  the  tipper  and  inner  portion  of  the  orbit  as  the  fixed  [»oint  and  rotates  the  eye  upon 
im  ol^liqne,  horizontal  axis,  from  below  upward,  from  without  inward,  and  from  behind 
f»»rward.  By  its  action,  the  pupil  is  directed  downward  and  outward.  It  is  the  direct 
antigooist  of  the  inferior  oblique,  the  action  of  which  has  been  described  in  connection 
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with  the  motor  oeuli  comtDimb*  When  tlie  patheticiig  is  paralyzed,  the  evehaO  is  Im- 
movable, as  far  as  rotation  it»  concerned  ;  and,  when  the  head  is  nioved  toward  the  sbottl- 
der,  the  eye  does  not  rutate  to  luaiiitaiii  the  globe  in  the  same  relative  position,  and  wc 
have  double  vision. 


'/d«w.   (Hirac'hfold.) 


gliuu  of  G«kMvr;  'A,  ii,  4,  ^%  G.  7,  n  '^,  lu,  opiLUwklitJLM 
diviitcm  of  the  flftb  nervt;,  with  lu  brKticbeft. 


Fro,  19%,-^Dtstri^u(ion  of  ihs  motor  oeuH 

(Utl«^|lBld.> 
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i%  8,  4, .%  Cs  T) ;  S,  motor  amU  «Be#r«ui%  fiomtma 
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moior  muii  tutt^mus  timistom&Hng  iottk  lA*  Hit- 


Motor  Oculi  Meternus^  or  Abductns  (Sixth  ^^erve), 

like  the  pathetioos,  the  motor  oouli  ext^zms  is  diatribnted  to  but  a  Aingle  mascle,  1 
external  rectas.    Its  uaea,  therefore,  are  apparent  from  a  study  of  its  diBtribation  and 

properties. 

Physiological  Anaiomf/, — The  apparent  origin  of  the  sixth  nerve  is  from  the  grooT>e 
which  separated  the  anterior  corpus  pyrainidale  of  the  medtiUa  oblonj^ata  from  the  pons 
Varolii,  and  from  the  upper  portion  of  the  medulla  and  the  lower  portion  of  the  pons 
next  the  groove.  Its  ori^  at  this  point  b  by  two  roots :  an  inferior,  which  is  the  larger, 
and  comes  from  Ute  corpus  pyramidale;  and  a  superior  root,  sometinjes  wuntini?^  which 
seern^  to  come  from  the  lower  jjortion  of  the  pons,  jIB  anatomists  are  ai?reed  that  tiie 
deep  fibres  of  origin  of  this  nerve  pass  to  the  gray  matter  in  the  floor  ol"  the  l\>urth  ven- 
tricle. Vulinan  has  followed  these  fibres  to  withia  about  two-fifths  of  an  inch  of  the 
laediaii  line,  but  they  could  not  be  traced  beyond  this  point.  It  is  not  known  that  the 
fibres  of  the  two  sides  decussate.  From  this  origin,  the  nerve  passes  into  the  orbit  by  the 
sphenoidal  fissure  and  is  distributed  exclusively  to  the  external  rectus  muscle  of  the  eye- 
ball. In  the  cavernous  sinus,  it  anastomoses  with  the  sympathetic  through  the  carotid 
plexus  and  Meckel's  ganglion.  It  also  receives  senedtive  filnments  from  the  ophthalmic 
branch  of  the  fifth.  It  is  stated  by  some  anatomists  that  this  nerve  occasionally  sends  a 
ftmall  filament  to  the  ophthalmic  ganglion  ;  and  it  is  supposed  by  Longet  that  this  branch, 
which  is  exceptional,  exists  in  those  cases  in  which  paralysis  of  the  motor  ocoli  com- 
munis, wliich  usually  furnishes  all  the  motor  filament*  to  this  ganglion,  Is  not  attended 
with  immobility  of  the  iria. 

Proprrtif4t  and  Fffnrttom  of  the  Motor  Oeuli  JEr/frntt*,— Direct  experiments  hav« 
shown  that  the  motor  oculi  externus  is  entirely  insensible  at  its  origin^  \U  stimulation 


MOTOR  NERVES  OF  TUE  FACE. 


615 


IncLog  contraction  of  the  external  rectus  mascle  and  no  pain.    The  satne  experiments 
llastfflte  the  function  of  the  nerve,  inasmuch  aa  ita  irritation  is  followed  hy  powerful 
^contraction  of  the  muscle  and  deviation  of  the  eve  outward.    l>ivisioii  of  the  nerve  in  the 
lower  animals  or  Its  paralysis  in  the  human  suhject  is  attended  with  Internal,  or  con- 
verging strabismua,  due  to  the  unopposed  action  of  the  interna]  rectus  mu.'^cli;. 

With  regard  to  the  associated  movements  of  the  eyehall^  it  is  a  curious  fact  that  all 
'  the  muscles  of  the  eye  that  have  a  teodency  to  direct  the  pupil  invi'ard  or  to  prcxIucG 
simple  movenients  upward  and  d^iwnward,  viz.^  the  internal,  inferior,  and  superior 
ccti,  are  animated  by  a  single  nerve^  the  motor  ocidi  communis,  this  nerve  also  supplying 
;hc  inferior  oblique  ;  and  that  t^ach  muscle  that  has  a  tendency  to  move  the  globe  ^o  m 
to  direct  tho  pui>il  outward,  exeepfc  the  inferior  oblifiue,  viz.,  the  superior  obhque  and 
the  external  rectus,  ia  supplied  by  a  special  nerve.  The  various  movements  of  the  eyeball 
will  tie  studied  more  minutely  in  connection  with  the  physiology  of  vision. 

Motor  Nerves  of  the  Face, 

The  motor  nerves  of  the  face  are,  the  small,  or  motor  root  of  the  fifth,  and  the  portio 
^dnra  of  the  seventh,  or  the  facial.  The  first  of  these  nervea  is  distributed  to  the  deep 
Quaclefi^  those  concerned  in  the  act  of  mastication ;  and  the  second,  the  facial,  8Uf»plies 
SDperficial  muscles  of  the  face  and  is  i^ometimes  called  the  nerve  of  expression. 
\  nerves  are  not  so  simple  in  their  anatomy  and  phyHiology  as  the  motor  nerves  ot 
tKe  ejeb&U.  The  nerve  of  mastication,  at  its  origin,  is  deeply  situated  at  the  base  of  the 
brmn  and  is  exposed  and  operated  upon  with  diiHculty*  It  passes  out  of  the  cranium, 
closely  nnited  with  one  of  the  great  sensitive  braDches  of  the  tifth,  and  its  distribution 
has  l>ecn  most  successfully  studied  by  experiments  in  w  hicli  it  is  divide<l  in  the  cranial 
eavity.  The  origin  of  the  facial  is  also  reached  with  great  difficulty*  It  communicates 
with  other  nerves,  and  its  physiology  has  l>een  most  satisfactorily  studied  by  dividing  it 
at  its  origin  or  in  different  portions  of  its  course.  In  treating  of  these  nerves,  we  shall 
Br«t,  as  in  the  case  of  the  ra(>tor  nerves  of  the  eye,  study  their  properties  at  their  roots, 
citing  the  phenomena  following  their  galvanization  and  section.  It  will  be  neoea* 
f^  ftbo,  to  describe  their  origin  and  distribution,  as  far  as  has  been  ascertjuned  by 
otion. 


Nerfie  qf  Mastication  {(he  Smuli^  or  Motor  Hoot  of  the  Fifth  Nerve). 

"Hie  motor  root  of  the  fifth  nerve  is  entirely  distinct  iVom  its  sensitive  portion,  until 
It  emerges  from  the  cranial  cavity  by  the  foramen  ovale*  It  is  then  closely  united  with 
the  inferior  maxillary  branch  of  the  large  root ;  hut  at  its  origin  it  has  been  shown  to  be 
motor,  and  its  section  in  the  cranial  cavity  has  demimstrated  its  distribution  to  a  par- 
tioiabr  set  of  muscles. 

Phytwlogical  AnaU>mij  of  the  Nerve  of  Mastieation. — The  apparent  origin  of  the  fifth 
oenrc  is  from  tlie  lateral  portion  of  the  pons  Varolii,  The  Kniall,  or  motor  root  arises 
from  a  point  a  little  liigher  and  nearer  the  median  Ime  than  the  large  root,  from  which 
it  is  separated  by  a  few  fibres  of  the  white  substance  of  the  pons.  At  the  point  of 
ipparent  origin,  the  small  root  presents  from  six  to  eight  rounded  filaments.  If  a  thin 
layer  of  the  pons  covering  these  filaments  be  removed,  the  roots  will  be  found  pene- 
tratimt  its  substance,  becoming  flattened,  passing  under  the  superior  peduncles  of  the 
J,  and  going  to  the  anterior  wall  of  tlie  fourth  ventricle.  At  this  point,  they 
ir  direction,  passing  now  from  without  inward  and  from  behind  forward  toward 
lU*  median  line,  the  fibres  diverging  rapidly.  The  posterior  fibres  pa^s  to  the  median  line, 
ind  certain  of  thorn  decussate  with  the  fibres  from  the  opposite  side.  The  anterior 
ibres  pass  toward  the  a*jnednct  of  Sylvius  and  are  lost.  The  fibres  beoome  ohauged 
In  their  character  when  they  are  followed  inward  beyond  the  anterior  wall  of  the  fourth 
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ventricle.  Here  they  lose  their  white  color,  become  graj,  and  present  nnmeroaa  ^Iralea 
of  gray  sabstance  between  their  filaments. 

From  the  origin  aboye  described,  the  small  root  passes  beneath  the  ganglion  of  Gaiaer 
— from  which  It  sometimes,  though  not  constantly,  receives  a  filament  of  coiumunicatloii — 
lies  behind  the  inferior  maxillary  branch  of  the  large  root,  and  pasies  out  of  the  craaiftl 
cavity  by  the  foramen  ovale.  Within  the  cranium,  the  two  roots  ar«  distinct ;  but,  after 
the  small  root  passes  through  the  foramen|  it  is  united  by  a  mutual  interlacement  of 
fibres  witli  the  sensitive  branch. 

The  course  of  the  motor  root  of  the  6fth  possesses  little  physiological  interest.  It  b 
sufficient  in  this  connection  to  note  that  the  inferior  maxillary  nerve,  made  up  of  the 
motor  root  and  the  inferior  maxillary  branch  of  the  sensitive  root,  jmit  alter  it  passea  out 


Fl<3*  IW.—DidrihuHon  fifth*  mtmU  root  of  th«>  Jifih  nrrre,    <1!lr$ch<b1it.) 
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by  the  foramen  ovale,  divides  into  two  branches,  anterior  and  posterior.  The  anterior 
branch,  which  is  the  smaller^  is  composed  almost  entirely  of  motor  filaments  and  iadislrib- 
uted  to  tlio  muscles  nf  mastication.  It  gives  off  five  branches.  The  first  of  tbe^  ptmit 
to  be  distributed  to  the  masseter  muscle,  in  its  course  ocxsasionally  giving  off  a  small 
branch  to  the  temporal  muscle  and  a  filament  to  the  articulation  of  the  inferior  maxilla 
with  the  temporal  bone.  The  two  deep*  temporal  branches  are  distributed  to  tbd  l 
poral  muscle.  The  buccal  branch  sends  filaments  to  the  external  pterygoid  and  lo  lUft  1 
poral  muscle,  and  a  »ma11  branch  is  di^tribntcd  to  the  internal  pterygoid  muscle,  Ffom  the 
posterior  branch,  which  is  chiefiy  sensitive  but  contains  some  motor  filaments,  brmnis 
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are  sent  to  the  nif  lo-h joid  mu»cle  and  to  the  anterior  bdlj  of  the  diga^ric.  In  additiaOf 
tlie  motor  branch  of  tbo  fifth  isenda  tilamentd  to  the  tensor  monies  of  the  veltim  palati. 

The  above  description  shows,  in  general  termd,  the  distnbation  of  the  nerve  of  masti- 
cation, without  taking  into  consideration  its  various  anastoxnosea,  the  most  important  of 
which  are  with  the  facial.  Physiological  experiments  have  shown  that  the  buccinator 
muscle  receives  no  motor  filaments  from  the  fifth  but  h  supplied  entirely  by  the  facial. 
The  buccal  branch  of  the  fifth  sends  motor  filaments  only,  to  the  external  pterygoid  and 
the  temporal,  its  final  branches  of  distribntion  being  sensitive  and  going  to  integnment 
and  to  mocons  membrane. 

In  treating  of  the  function  of  digestion,  we  have  given  a  table  of  the  muscles  of  mas- 
tication, with  a  description  of  their  action.  It  will  be  seen  by  reference  to  this  table  that 
the  following  muscles  depress  the  lower  jaw  ;  viz.,  the  anterior  belly  of  the  digastric,  tho 
mjlo-hyoid,  the  genio-hyoid,  and  the  platysma  myoldes.  Of  these,  the  digastric  and  the 
mylo-hyoid  are  animated  by  the  motor  root  of  the  fifth  ;  the  genio-hyoid  is  supplied  by 
filaments  from  the  sublingual ;  and  the  platysma  myoides,  by  branches  from  the  facial 
and  froui  the  cervical  plexus.  All  of  the  muscles  which  elevate  the  lower  jaw  and  move 
it  laterally  and  antero-posteriorly,  yiz.^  the  temporal,  masseter^  and  tlie  internal  and 
external  pterygoids  (the  muscles  moat  actively  concerned  in  masticatson)  are  animated 
by  the  motor  root  of  the  fifth. 


Pro^pertus  and  Funetwni  of  the  Nerre  of  Mastication. — The  anatomical  distribution 
of  the  small  root  of  the  fifth  nerve  points  at  once  to  its  function.  Cliarles  Bell,  whose 
i  0  nerves  were  derived  almost  entirely  from  their  anatomy,  cjilled  it  the  nerve 

(I  1  r ion,  in  1821,  although  he  does  not  state  that  jiny  experiments  were  made  with 

regard  ta  its  function.     All  anatomical  and  physiological  writers  since  that  time  have 
i/od  this  view.    It  would  be  difficult,  if  not  impossible,  to  galvanize  the  root  in  the 

^ cavity  in  a  living  animal ;  but  its  galvanization  in  animals  just  killed  determines 

Tery  markeu  movements  of  the  lower  jaw.  Experiments  have  clearly  denionatrated  the 
physiological  properties  of  the  small  root,  which  is  witiiout  doubt  solely  a  nerve  of  motion. 
The  observations  upon  the  division  of  the  fifth  pair  in  the  cranial  cavity  are  most 
interesting  in  connection  with  the  functions  of  its  sensitive  branches,  and  will  be 
referred  to  in  detail  in  treating  of  the  properties  of  the  large  root.  In  addition  to 
the  loss  of  sensibility  following  section  of  the  en- 
tire nerve,  Bernard  has  carefully  noted  the  etfects 
of  diviaion  of  the  small  root  which  cannot  bo 
avoided  in  the  operation.  In  rabbits,  the  paraly- 
sis of  tho  muscles  of  mastication  upon  one  side, 
aad  the  consequent  action  of  the  muscles  upon  the 
i  side  only,  produce,  a  few  days  nft^jr 
on,  a  remarkable  change  in  the  appear- 
tttce  ol  the  Incisor  teeth.  As  the  teeth  in  these 
tQinmld  are  gradually  worn  away  in  mastication 
ftnd  reprt>dnced,  the  lower  jaw  being  deviated  by 
the  action  of  the  muscles  of  the  sound  side,  tite 
oppar  incisor  of  one  side  and  the  lower  incis«or  of 
the  other  touch  each  other  but  slightly  and  tlie 
leeth  are  worn  unevenly.  This  nmkes  the  Vuk* 
of  contact  between  the  four  incisior?,  when  the 

Jiwa  are  close^l,  oblique  instead  of  horizontal  We  have  often  divided  the  fifth  pair  in 
tlie  cranial  cavity  in  rabbits,  by  the  method  employed  by  Magendie  and  Bernard,  and 
bave  repeatedly  verifie^l  these  observations. 

There  is  little  left  to  say  with  regard  to  the  functions  of  the  motor  root  of  the  fifth 
tterra^  in  addition  to  our  description  of  the  action  of  the  muscles  of  mastication^  contained 
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in  the  obapters  on  digestion,  except  as  regiirda  the  aotion  of  the  filaments  s^it  to  Ihe 
muscles  of  the  velam  palati.  In  deglatitionf  the  mus^cles  of  niaBtication  are  iudirectlj 
invoJ  ved.  This  act  cannot  be  well  performed  unleBS  the  mouth  be  clofled  hy  these  mnscles. 
When  the  food  is  brought  iu  contact  with  the  velum  palati^  muscles  are  brought  into 
action  which  render  this  membrane  tense,  so  that  the  opening  is  adapted  to  the  s\z€  of 
the  alimentary  bolus.  These  muscles  are  animated  by  the  motor  root  of  the  fifth.  Thb 
nerve^  then,  is  not  only  the  nerve  of  mastication,  animating  all  of  the  muscles  coDcem«4 
in  this  act^  except  two  of  the  most  unimportant  depressors  of  the  low  er  jaw  (the  genio- 
hyoid and  the  platysma  myoides)}  but  it  is  concerned  indirectly  in  deglutition. 


Facial  Nerve^  or  Neme  of  &qyre8sion  {the  Portio  I}ura  of  the  Seventh 

Nerve). 

The  facial,  the  portio  dura  of  the  seventh  according  to  the  arrangement  of  Willia,  is 
one  of  tlie  most  interesting  of  the  cranial  nerves.  Its  anatomical  relntions  are  quite  intri- 
cate, and  its  communications  with  other  nerves,  very  numerous.  As  far  as  can  be  delcr- 
rained  by  experiments  upon  living  auinjals.  tliis  nerve  is  exclusively  motor  at  its  origin; 
but  iu  its  course  it  presents  anastomoses  with  the  sympathetic,  with  branches  of  the  fifth, 
and  with  the  cervical  nerves,  undoubtedly  receiving  eeusory  filaments.  While  the  chief 
physiological  interest  attached  to  this  nerve  depends  upon  its  action  npon  muscles,  it  ii 
important  to  study  ita  origin,  distributioo^  and  communications. 

PhynoUgiml  Anatomy  of  the  Facial  Kerfe. — The  portio  dura  of  the  seventh  ba^  it^ 
apparent  origiu  from  the  lateral  portion  of  the  meduUa  oblongata,  in  ^e  groove  bet^^  teu 
the  olivary  and  the  restifonn  body,  just  below  the  border  of  the  pons  Varolii,  iu  trunk 
beiog  internal  to  tlie  trunk  of  the  portio  mollis,  or  auditory  nerve.  It  is  separated  from 
the  auditory  by  the  two  filaments  constituting  what  is  known  as  the  intermediary  Derfo 
of  Wrisberg,  or  the  portio  inter  duram  et  mollera.  As  this  little  nerve  joins  the  facial^ 
it  roust  be  included  in  its  root. 

Tfiere  are  certain  pathological  considerations  which  render  the  deep,  or  real  origin  of 
the  facial  a  question  of  the  greatest  interest  and  importance.  In  hemiplegia  due  to  iiyory 
of  the  substance  of  the  encephalon,  particularly  from  haraorrhage,  there  is  almost  always 
more  or  less  paralysis  of  the  superficial  muscles  of  the  face.  It  has  been  observed  tbat» 
in  certain  cases,  the  facial  paraly^8  exists  upon  the  eame  side  as  the  hemiplegia  (the  side 
opposite  to  the  cerebral  lesion),  while  in  others,  the  palsy  of  the  face  is  upon  the  same  nide 
as  the  leidon,  the  general  hemiplegia  beuig,  as  usual,  npon  the  opposite  side.  To  explain 
these  phenomena  theoretically,  we  must  assume  that,  in  some  cases,  the  brain-U'^ion  is  to 
be  located  at  a  point  w  here  it  involves  the  filaments  of  origin  of  tlie  facial  (fotlowing 
them  from  without  inward)  before  they  deousaate,  which  would  produce  facial  paralytb 
upon  the  same  side  as  the  lesion  and  none  upon  the  side  aficcted  with  gineral  h^^miplegia ; 
while,  in  other  cases,  the  injury  to  the  brain  involves  the  roots  of  the  facial  after  I  hey 
have  decussated,  when  the  paralysis  of  the  face  would  be  upon  tlie  sanje  side  as  the  paraly* 
sis  of  the  rest  of  the  body.  It  wotdd  be  interesting  to  see  how  far  these  pathological 
factH,  with  their  theoretical  explanation,  correspond  with  anatomical  researches  into  the 
real  origin  of  the  nerves. 

.  Many  anatomists  have  endeavored  to  trace  the  fibres  of  the  facial  trom  tlicir  point  of 
emergence  from  the  encephalon  to  their  true  origin,  but  with  results  not  entirely  aatis' 
factory.  At  the  present  day,  it  is  pretty  generally  agreed  that  the  fibres  pass  Inward, 
with  one  or  two  deviations  from  a  straight  course,  to  the  floor  of  the  fourth  ventricle, 
where  they  spread  out  and  become  fan-shaped.  In  the  floor  of  the  fourth  ventricle,  ccr* 
tain  of  the  fibres  have  been  thought  to  terminate  in  the  cells  of  the  gray  suhntance,  and 
others  have  been  traced  to  the  median  line,  where  they  decussate  ;  the  coursiO  of  most  of 
the  fibres,  however,  has  never  been  satisfactorily  established. 
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It  fa  evident,  from  {vhysiologica]  experimcuts,  that  tbo  deeus^tion  of  the  fibres  in  the 
floor  of  tht)  fourth  ventricle  it&elf  is  not  very  important.  Volpian  has  nmdtv  iii  dogs  and 
rabbits^  ft  longitudinal  section  in  the  middle  line  of  the  ventricle,  which  would  necessiirily 
bBve  divided  the  fibres  passing  from  one  side  to  the  other,  without  producing  notable 
paraljTflia  of  tlie  facial  nerves  upon  either  fiide.  This  single  fact  is  sufficient  to  show  tfiat 
tilt  maLn  decussation  of  the  fibres  animating  the  muscles  of  the  face  takes  place^  if  at  all, 
\  Eome  other  point. 
7Ut^  pathological  facts  bearing  upon  the  question  of  decnssatlon  of  the  filaments  of 
in  of  the  facial  have  long  been  recognized.  They  are,  in  brief,  as  l\»llow8:  When 
ere  is  a  lesion  of  the  brain-^abstaoce  anterior  to  the  pons  Varolii,  the  phenomena  due 
to  paralvsis  of  the  facial  are  observed  upon  the  sanie  side  as  the  beniiplegia,  opposite  the 
sid^  of  injury  to  the  brain.     When  the  lesion  is  either  in  the  pons  or  below  it,  the  face  is 
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*iiwted  itpon  the  same  side^  and  not  npon  the  side  of  the  hemiplegia.  In  view  of  these 
fiwts,  the  remarkable  pheoomeaon  of  hemiplegia  npon  one  side  and  facial  paralysis  upon 
the  uthfr  is  regarded  as  indicating,  with  tolerable  certainty,  that  the  injury  to  the  brain  has 
ooourr»d  upon  the  same  side  as  the  facial  paralysis,  either  within  or  posterior  to  the  pons 
VifoliL    It  is  unnecessary  to  enter  into  a  farther  discussion  of  these  facts,  which  are 
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ifcccepted  by  nearly  all  writers  upon  diseases  of  the  nerroos  system  and  may  be  regarded 
as  settled ;  and  tbe  only  qnesttgn  is^  how  far  they  can  be  explained  by  the  anatomy  of 
the  parta. 

As  we  have  just  seen,  the  fibres  of  origin  of  the  facial  have  been  traced  to  the  floor 
of  the  fourth  ventricle,  where  a  few  decussate,  bnt  the  rest  are  lost.  The  question  now 
is,  whether  or  not  the  fibres  pass  up  through  the  pons  and  decussate  abuve^  as  llit?  patho- 
logical facts  just  noted  would  Bcem  to  indicate.  Anatomical  researches  upctn  this  point 
are  entirely  unsatisfactory ;  and  the  existence  of  such  a  deenssalion  has  never  been  clearly 
demonstrated.  The  pathological  observations,  nevertheless,  remain;  and,  however  indefi- 
nite anatomical  researches  may  have  been,  there  can  be  no  doubt  that  lesions  id  one-ball 
of  the  pons  afiect  the  facial  upon  the  same  side,  while  lesions  above  have  a  crossed 
action*  The  most  that  we  can  say  upon  this  p<rmt  is,  that  it  is  a  reasonable  tnferenee 
from  pathological  facts  that  the  nerves  decussate  anterior  to  the  pons. 

It  will  be  only  necessary  to  describe  in  a  general  woy  the  course  of  the  fibres  of  dia- 
tribution  of  the  facial.  The  main  root  of  tbe  facial,  the  auditory  nerve,  and  the  delicate 
intermediary  nerve  of  Writiberg  pass  together  into  the  internal  auditory  meatus.  At  tho 
bottom  of  the  meatus,  tbe  facial  and  the  nerve  of  Wj'isberg  enter  the  aqua?ductuii  Fallopii, 
following  its  course  through  the  petrous  portion  of  Uie  temporal  bone.  In  the  aqacducl, 
the  nerve  of  Wrisberg  presents  a  little  ganglioform  enlargement,  of  a  reddish  color,  which 
has  been  shown  to  contain  nerve^oells.  The  main  root  and  the  intermediary  nerve  then 
unite  and  form  the  common  trunk  of  the  facial,  which  emerges  from  the  cranial  cavity 
by  the  stylo-mastoid  foramen. 

In  the  aquaoductus  Fallopii,  the  facial  gives  off  numerons  branches,  as  follows : 

1.  The  large  petrosal  branch  is  given  off  at  the  ganglioform  enlargement  and  goea 
to  Meckers  ganglion. 

2,  The  Hmall  petrosal  branch  1b  given  off  at  the  ganglioform  enlargement  or  a 
short  distanccT  beyond  it,  and  paaaes  to  the  otic  ganglion. 

8.  A  small  branch,  the  tympanic,  is  distributed  to  tbe  stapedius  mnade. 

4.  The  chorda  tympani,  a  branch  of  great  physiological  interest,  passes  Ihrongb  lb* 
cavity  of  the  tympanum  and  joins  the  lingual  branch  of  the  inferior  maxillary  divitton 
of  the  fifth  as  it  passes  between  the  two  pterygoid  mnsdes,  with  which  nerve  it  became 
closely  united, 

5.  Opposite  to  the  point  of  origin  of  the  chorda  tympani,  a  communicating  br&odi 
passes  between  the  facial  and  the  pnenmogastric,  connecting  these  nerves  by  a  donbla 
inosculation. 

Tlie  five  branches  above  described  are  given  of  in  the  aqn^ductus  FallopiL  The  fol- 
lowinj^  branches  are  given  off  after  the  nerve  has  emerged  from  the  cranial  cavity  : 

1,  Just  after  the  facial  has  passed  out  at  the  stylo-mastoid  foramen,  it  sends  a  small 
communicating  branch  to  the  gloaso-pharyngcal  nerve.  According  to  Sappey*  tliia 
branch  is  sometimes  wanting. 

2.  The  posterior  auricular  nerve  is  given  off  by  tbe  facial  a  little  below  the  stylo- 
mastoid foramen.  Its  superior  branch  is  distributed  to  the  retrahens  aurem  and  tbe 
attollens  aurem.  In  Its  course,  this  nerve  receives  a  communicating  branch  of  consid«r> 
able  size  from  the  cervical  plexus,  by  the  auricularis  magnus.  It  sends  some  filAmiznta 
to  the  integument.  The  inferior,  or  occipital  branch,  the  larger  of  tlie  two,  ta  dis- 
tributed to  the  occipital  portion  of  the  ocei pi to-fron talis  muscle  and  to  the  integument. 

8,  The  digastric  branch  i-^  given  off  near  the  root  of  the  posterior  auriculnr.  It  is 
distributed  to  the  posterior  belly  of  the  digastric  muscle.  In  its  course,  it  ana^omos«s 
with  filaments  from  the  glosso-plmryngeal  nerve.  From  the  plexus  formed  by  thi»?  aiiat^ 
tomosiSj  filaments  are  given  off  to  the  digastric  and  to  the  stylo-hyoid  muscle. 

4.  Near  the  stylo-tnastoid  foramen,  a  small  branch  is  given  off,  which  is  «liHtrniut 
exclusively  to  the  stylo-hyoid  muscle. 

5.  Near  the  stylo-mastoid  foramen,  or  sometimes  a  little  above  it,  a  long     n  . 
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inglj  d<ilicat4S  branch  is  given  ofiT,  wbich  h  not  noticed  in  most  worka  on  anatomy*  It  is 
dfsci'ibed,  however^  b^  Hirsoliftild^  under  the  name  of  the  linguat  branch.  It  paBses 
»bmt]  tlie  Btylo-pharyngeal  muiicle^  and  then  by  the  sidc8  of  the  pharynx  to  the  base 
t  the  tongwe.  In  its  coarse,  it  receives  one  or  two  branches  from  the  glo&ao-pharyngeal 
which  are  nearly^  as  large  as  the  original  branch  from  the  faciaL  As  it  passes  to 
sc  of  the  tongue,  it  unajstomoses  again  by  namerouj*  ti [amenta  with  the  glosso- 
|>!mryn;jreal.  It  then  sends  filaments  of  distribution  to  the  mucous  membrane,  and  finally 
passes  to  tlie  stylo-glossus  and  the  palato-glo^eus  uiuseie, 

Hanng  given  off  these  branches,  the  trunk  of  the  facial  passes  through  the  parotid 
gland,  dividing  into  its  two  great  terminal  branches : 

L  The  tcmporo-faeial  branchy  the  larger,  passes  npwai'd  and  forward  to  be  distrib- 
nted  to  the  superficial  muscles  of  the  upper  part  of  the  face  ;  viz.,  the  attrahena  aurem, 
the  frontal  portion  of  the  oceipito- frontal  is,  the  obieularia  palpebrarum,  corrugator  super- 
cUii,  pyramidalis  nasi,  levator  labii  fluperioris^  levator  labii  snperioris  aktque  nasi,  tha 
dilators  and  compresiors  of  the  nose^  part  of  the  buccinator,  the  levator  anguli  oris,  and 
the  zyiajiunatic  muscles.  In  its  course,  it  receives  branches  of  commnnication  from  the 
anrieulo- temporal  branch  of  the  iuferior  maxillary  nerve.  It  joins  also  with  the  temporal 
branch  of  the  superior  maxillary  and  with  branches  of  tlie  ophthalmic.  In  its  course,  it 
tiios  bdc<»mes  a  mixed  nerve  and  is  distributed  in  part  to  integument. 

2,  The  ccrvico-facirtl  nerve  passes  downward  aud  forward  to  supply  the  buccinator, 
orbicularis  oris,  risorius,  levator  labii  inferioris,  depressor  labii  inferioris,  depressor  angnli 
oris,  and  platysma. 

Summary  qf  thi^  Anmtmno$u  and  DUtrihution  of  the  Facml.—ln  the  aquasductus 
Fallopii*  fihunents  oi  communication  go  to  Meckers  gan^dion  and  the  otic  ganglion  of 
the  symp^ithctic.  The  cborda  tympani  joins  the  lingual  branch  of  the  inferior  raaxil- 
liry  division  of  the  fifth.  A  branch  is  also  sent  to  the  pneuniogai*tric.  After  the  nerve 
has  patted  out  by  the  stylo-mastoid  foramen,  it  sends  a  communicating  branch  to  the 
glosso'pharyngeal,  and  receives  a  branch  from  the  auricularis  magnus.  It  anastomoses, 
ils^\  outside  of  the  cranium,  with  the  glosso- pharyngeal.  In  the  course  of  the  nerve^  it 
rcKreives  annstomosing  filaments  from  the  three  great  divisions  of  the  filth* 

It  is  thus  seen  that  the  facial,  in  tts  coarse,  receiver  numerous  filaments  from  the  great 
d«Qsitive  nerve  of  the  face.     Certain  of  its  fibres  of  distribution  go  to  integument. 

The  muscles  supplied  by  the  facial  are  the  stapedius,  and  probably  the  tensor  tym- 
pani, of  the  internal  ear,  the  muscles  of  the  external  ear,  the  occipito-frontalis,  the  pos- 
terior belly  of  the  digastric,  the  stylo-hyoid,  the  stjlo-glossus,  and  the  palato-glossns. 
The  two  great  branches  of  distribution,  the  temporo*facial  and  the  cervico-facial,  are 
distributed  to  all  of  the  superficial  muscles  of  the  face,  leaving  the  deep  muscles,  or  the 
muscles  of  mastication,  to  be  fiui>plied  by  the  motor  root  of  the  fifth.  la  addition,  it 
supplies  in  part  the  platysma  myoides. 


Properti^  and  Fanctiom  of  tht  Fminl  .V^tm. — ^It  has  long  been  recognized  that  tho 
facial  is  the  motor  nerve  of  the  superficial  musolea  of  the  face,  and  that  its  division  pro- 
dacw  pftralysis  of  motion  and  no  marked  effects  upon  sensation.  It  is  evident,  alio, 
firoia  the  numerous  commnnicationa  of  the  facial  with  the  fifth,  that  it  probably  contains 
10  its  course  sensitive  fibres.  Indeed,  all  who  have  operated  upon  this  nerve  have  found 
tbat  it  is  slightly  sensitive  after  it  has  emerged  from  the  cranial  cavity.  It  \%  a  question, 
bowever,  of  great  importance  to  determine  whether  or  not  the  facial  be  endowed  with 
fttDsibUity  by  virtue  of  its  own  fibres  of  origin.  The  main  root  is  evidently  from  the 
motor  tract,  resembles  the  anterior  roots  r>f  the  spinal  nerves,  and  is  distributed  to  mus- 
t^m\  bat  this  is  joined  by  the  intermediary  nerve  of  Wrisberg,  which  presents  a  small 
atbrgement,  undoubtedly  containing  nerve-cells,  somewlmt  analogous  to  the  ganglia 
upon  the  posterior  roots  of  the  sj>inftl  nerves. 

Direct  observations  upon  the  properties  of  the  facial  as  it  penetrate  tho  auditory 
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canal,  and  before  it  has  received  anj  anastomosing  brandies  from  sensitiye  nerresiy  most 
be  to  a.  oertttin  extent  ansatisfactory.  All  who  bave  ©iperimenied  upon  the  nerves  know 
that  the  pain  and  depression  which  attend  so  serious  an  operation  os  that  of  exponini; 
the  roots  of  a  nerve  in  the  cranial  cavity  ai-e  sufficient  to  render  it  donbtful  whether  the 
parts  be  in  a  condition  to  exhibit  a  ahght  deijree  of  sensiibility,  which  the  nerve«  may 
possess  when  perfectly  normiiK  Mitgendie  and  Bernard,  who  have  exposed  the  rt»oU  of 
origin  of  the  facial,  state  unreservedly  that  they  are  absolutely  insensible ;  bnt  Lon^t 
very  justly  remarks  that  the  conditions  nnder  whicb  snch  observationa  are  made  havo 
not  beon^  in  his  hands,  sufficiently  favorable  to  admit  of  a  rigorous  conclumon  upon  this 
point.  The  testimony  of  direct  experimentation  is  in  favor  of  the  insensibility  of  tlio 
facial  at  its  origin.  It  is  true  that  the  intermediary  nerve  of  Wrisberg  has  a  cert^n  ads- 
tomiciil  reserahlanc©  to  the  sensitive  nerves,  chieflv  by  virtue  of  its  gangUoform  enlarge- 
ment ;  bnt  direct  experiments  are  wanting  to  sliow  that  it  is  actually  sensitive.  In  %iew 
of  this  fftctf  it  is  impossible  to  reason  conclusively  from  its  anatomicid  cbaracterv  alone. 
The  most  convenient  way  to  consider  the  functions  of  the  facial  will  be  to  take  up 
ieruitim  the  properties  and  distribution  of  its  different  branches. 

Functwnt  of  the  Braneht^  of  the  Facial  mthin  the  Aqueduct  &/ Fallopivs, — The  flnt 
branch,  the  large  petrosal,  is  the  motor  root  of  Meckers  ganglion.  This  will  b<?>  referred 
to  again  in  connection  with  the  sjrmpathetic  system.  The  second  branch,  the  small  p€»lro- 
sal^  is  one  of  the  motor  roots  of  the  otic  ganglion  of  the  sympathetic.  The  tliird  branehi 
the  tympanic,  is  distributed  exclusively  to  the  stapedius  muscle.  The  second  and  tliird 
branches  will  be  again  cons^idered  in  connection  with  the  physiology  of  the  internal  efflv 
The  fourth  branch,  the  chorda  tympani,  is  so  important  that  it  demands  special  coosjd- 
erHtion.  The  fifth  branch  is  given  off  opposite  the  origin  of  the  chorda  tympani  and 
passes  to  the  jjneumofjastric,  to  whi*;h  nerve  it  probably  supplies  motor  filaments.  We 
have  already  seen,  tn  studying  the  properties  of  the  roots  of  the  facial,  that,  in  this 
branch,  sensory  filaments  puss  from  the  pnenmogastric  and  constitute  a  part  of  the  sen- 
sory connections  of  the  facial. 

Fiineti&m  of  the  Chorda  Tympani. — ^This  branch  passes  between  the  bones  of  tlie  t«r 
and  through  the  tympanic  cavity  to  the  lingual  branch  of  the  inferior  maxillflrj-  division 

of  tbe  fifth,  which  it  joins  at  an  acute  angle, 
^f«^  _.^  ^         between  the   pterygoid   muscles.     It  has 

been  fi  question  whether  this  nerve  }» 
simply  enclosed  in  the  sheath  of  the  lineal 
branch  of  the  fifth  or  be  so  closely  con- 
nected with  it  that  it  cannot  be  traced  la 
a  distinct  distribution.  UpoD  this  poiat 
we  are  disposed  to  adopt  tire  optnion  of 
Sappey,  who,  as  the  result  of  minute  dl^ 
sections,  regards  the  union  as  complete, 
"  fibril  to  fibril.'^  As  regards  the  portion 
of  the  facial  which  furnishes  the  filamenti 
of  the  chorda  tympani,  it  is  impossible  to 
determine  anatomically  whetlter  theM 
come  from  the  main  root  or  from  llic  in- 
termeiliary  nerve  of  Wrisberg,  m  the  fibrti 
of  these  roots  are  closely  united  before  the 
chonla  tympani  is  given  ofl". 

The  only  qnestionft  that  wo  propose  to 
consider  in  this  connection  relate  to  the 
functions  of  the  chonla  tympani  as  a  nerve  of  gustation,  and  as  it  infiueooea  tlie  aeoretkui 
of  the  submaxillary  gland. 

Tliere  can  be  no  doubt  with  regard  to  the  infiaence  of  the  chorda  tympani  iipco  tht 
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I  of  taste  in  the  anterior  portion  of  the  tongue.  Without  citing  all  of  the  experi- 
Deots  and  pathoIogiciLl  observations  bearing  upon  this  quegition,  it  id  sufficient  to  t^tate 
bat^  in  cases  of  di^ade  or  injury  in  which  the  root  of  the  facial  is  involved  so  that  the 
borda  tympani  is  paralyzed,  io  addition  to  the  ordinary  phenomena  of  paralysis  of  the 
nperScial  muscles  of  the  face,  there  is  loss  of  t&ste  in  the  anterior  portion  of  the  tongue 
an  the  side  corresponding  to  the  lesion.  Numerous  cases  of  this  kind  are  quoted  in 
rork8  on  physiology,  which  will  be  referred  to  more  fully  in  connection  with  the  subject 
bf  gustation. 

In  1863,  we  had  under  observation,  for  several  months,  a  soldier  who  received  a  gun* 
shot-wound,  the  ball  pacing  through  the  head,  entering  just  above  the  ola  of  the  nose  upon 
the  left  fiido  and  emerging  behind  the  mastoid  process  of  tlie  right  temporal  bone.  The 
und  was  nearly  healed  while  he  was  under  observation,  and  the  uHual  symptoms  of 
^mplete  facial  paralysis  were  manifested  upon  tlie  right  side.  The  buccinator  and  the 
rbicnlnris  oculi  were  completely  paralyzed.  Vision  in  the  right  eye  was  slightly  im- 
aired,  but  was  improving.  Tiie  hearing  was  perfect,  and  there  were  no  abuorujal  [ihe- 
Bcimena  except  those  apparently  duo  to  injury  of  the  facial.  The  sense  of  ta^te  was 
atirely  abolished  in  the  anterior  portion  of  the  tongue  upon  the  right  side.  Exfieriments 
npon  this  point  were  repeatedly  made  with  salt,  pepper,  and  other  sapid  substuoL-es.  This 
patient  was  exhibited  in  two  successive  years  to  the  class  at  the  Bellevue  Hospital  Medi- 
cal College^  when  the  above-mentioned  facts  were  demonstrated. 

Physiologists  have  observed  loss  of  tfiste  in  the  anterior  portion  of  the  tongue,  in 
dogs,  cats,  and  other  animals,  folluwiug  section  of  the  root  of  the  facial  or  of  the  chorda 
opani.  Some  observers,  it  is  true,  have  fuiled  to  note  the  phenomena  satisfactorily, 
Dd  there  is  some  difference  of  opinion  with  regard  to  tlie  real  origin  of  the  gustatory 
filaments ;  but  the  fact  that  the  chorda  tympani  influences  the  taste  can  hardly  be  doubted. 
Adopting  this  view,  we  shall  defer  the  full  consideration  of  the  functions  of  the  chorda 
tympani  until  wo  come  to  treat  of  the  special  sense  of  taste. 

Schiif,  in  1851,  was  the  first  to  note  the  influence  of  the  chorda  tympani  upon  the 
Becretion  of  the  submaxillary  gland.  In  bis  experiments,  the  chorda  tympani  was 
erpnscil  and  the  flow  of  the  Bubmaxillary  saliva  noted.  Upon  division  of  the  chorda 
tymfiani,  the  ^ow  of  saliva  was  momentarily  increased,  but  was  mtm  arrested  ;  and  sob- 
s<?quently,  stimulation  of  the  gustatory  sense  failed  to  induce  sec  rut  ion,  as  it  does  when 
the  nerve  is  int^ict.  Similar  experiments,  upon  n  much  more  extended  scale,  were  made 
by  IJcmard,  in  the  full  owing  way : 

The  duct  of  the  submaxillary  gland  was  exposed  in  a  dog,  and  into  it  was  iixed  n 
lilver  canula.  The  nervous  tilaraents  going  to  the  gland  from  the  lingual  branch  of  the 
fifth  wore  then  isolated,  A  little  vinegar  introduced  into  the  mouth  caused  an  abundant 
fluw  of  saliva  from  the  tube*  The  chorda  tympani  was  then  divided,  by  introducing  a 
instrument  through  the  membrane  into  tho  tympanic  cavity.  After  division  of  the 
,  tho  introduction  of  vinegar  into  the  mouth  failed  to  excite  the  salivary  secretion. 
From  this  and  similar  experifnents,  Bernard  concludes  that  tho  chorda  tympani  is  the 
motor  nerve  of  the  submaxillary  gland.  After  having  arrested  the  secretion  by  section 
«f  tlje  chorda  tympani,  the  action  of  the  gland  was  excited  by  galvanization  of  the  pe- 
ripheral end  of  the  nerve.  Section  of  the  facial  after  its  passage  out  of  the  stylo-maatold 
foramen  did  not  arrest  the  action  of  the  [larotid  ;  tuit  section  of  the  nerve  within  the  era* 
ttititn  arrested  the  secretion,  both  of  the  parotid  and  submaxillary, 

Theae  observations  show  conclusively  that  the  facial,  either  through  branches  from 
if-  proper  roots  or  its  filaments  of  communication  with  oUier  nerrea,  regulates  the  seore- 
rion  Iff  at  least  two  of  the  salivary  glands. 

infliunct  of  VarwuM  Branches  of  the  Fcwial  vpvn  the  MotemrnU  offht  Palate  and 
V'fula, — There  CAn  be  little  doubt  that  filaments  from  the  facial  animate  certain  of  the 
wiovcments  of  tho  velum  p.alati  and  uvula.  It  ha**  been  observed  that,  in  certain  case* 
of  faciiU  [larAlysiSi  the  palate  upon  one  side  is  perfectly  flaccid  and  the  uvnk  is  drawn  to 
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tbe  opposite  side ;  but  these  pbenomemi  do  not  occnr  unless  the  nerre  be  adected  at  its 
root  or  within  the  aquffiduotns  Fallopii.  It  is  trae  that  tbe  ovula  is  freqaently  dravvu  to 
one  side  or  tbe  other  in  persons  nnuffected  with  facial  paru^j^sis,  bat  it  ia  none  the  less 
certain  that  it  is  deviated  as  a  conseqnen.ee  of  paralysis  of  the  facial  in  some  instanced^ 

Direct  estperiments  upon  tbe  roots  of  the  facial  have  not  been  followed  bj  uniform 
results.  Bebrou  mentions  one  experiment  in  which  galvanization  of  the  facial  within 
tbe  cranial  cavity  produced  decided  contraction  of  the  muscles  of  the  palate ;  hut,  in 
four  others,  the  results  wore  negative,  Nuhn,  however,  produced  contractions  of  these 
muscles  bj  galvanization  of  the  nerve  in  the  cranium  in  a  man  immediately  after  decapi- 
tation.  The  experiments  of  Bernard  upon  tliis  point  are  the  most  conclusive ;  but  whil« 
thej  show,  beyond  a  doubt,  that  the  facial  animateij  tbe  movements  of  the  soft  palai^ 
they  do  not  indicate  the  course  of  the  filaments  from  the  nerve  to  the  muscles.  In  these 
experiments,  made  in  connection  with  M.  Davaine,  tbe  whole  of  the  velum  palati  was 
exposed  in  a  large-sized  dog,  by  cutting  through  the  hyoid  bone.  Tlie  trunk  of  the 
glosso-pharyngeal  nerve  was  then  e:Eposed  in  the  neck,  netur  its  point  of  emergence  at 
the  posterior  foramen  lacerum^  and  the  animal  was  killed  by  section  of  the  spinal  cord 
just  below  the  origin  of  the  cranial  nerves.  This  being  done,  the  glosso-phanngeal  was 
galvanized^  which  produced  viulent  contractions  of  the  velum,  the  pillars  of  the  faucesv 
and  a  part  uf  the  pharynx,  upon  one  aide.  The  nerve  was  tlien  divided,  and  galvanizalion 
was  applied  to  its  peripheral  end  without  producing  any  movement  in  the  vehim.  The 
central  end  was  then  galvanized,  when  tlie  contractions  were  as  vigorous  as  when  the 
nerve  was  intact  This  result  would  lead  to  the  supposition  that  contractions  of  the 
muscles  of  the  palate  following  galvanization  of  the  glosso-pharyngeal  are  reflex  and  not 
due  to  the  direct  action  of  filaments  of  distribution  from  this  nerve.  In  a  second  experi- 
ment, the  parts  were  exposed  in  the  same  way,  and^  in  addition,  the  faciid  was  divided 
upon  the  right  side  at  its  entrance  into  the  internal  auditory  canaL  Tbe  glosso-pharyD* 
geai  nerve  was  then  galvanized  upon  the  side  on  which  the  facial  had  been  divided,  with 
the  effect  of  producing  movements  of  the  pillars  of  the  fauces,  but  not  of  tbe  velum 
palati  itself.  The  glosso*pbaryngeal  was  then  galvanized  upon  tbe  side  on  which  the 
facial  was  intact,  which  produced  moveiiients  of  the  velum  tbe  same  as  in  the  first  ex- 
periment Galvanization  of  the  pnoumogastric,  the  sublingual,  and  the  lingual  branch 
of  the  fifth,  failed  to  produce  movements  of  the  velum, 

**  Tbe  first  experiment  proves  that  tbe  glosso-pharyngeal  nerve  is  not  the  motor  nerre 
of  the  velum  palati,  but  that  it  induces  reflex  movements  by  the  excitation  which  It 
transmits  to  the  nervous  centre^  an  excitation  which  is  carried  to  the  parts  by  another 
nerve. 

**  The  second  experiment  proves  that  tbe  reflex  movements  of  the  velum  palati,  in- 
duced by  the  excitation  of  the  glosso- pi  laryngeal,  are  in  part  transmitted  by  the  facial 
nerve,  the  movements  of  the  pillars  nut  being  produced  by  filaments  belonging  to  this 
nerve." 

Bernard  also  noted  a  fact,  which  lias  Bometimes  been  observed  in  cases  of  facial 
paralysis,  that  the  point  of  the  tongue  is  deviated  atlter  section  of  the  facial;  which  it 
explained  by  the  presence  of  a  filament  described  by  Hirsehfeld,  going  from  the  facial  to 
the  tongue. 

As  we  before  remarked,  tbe  experiments  of  Bernard  do  not  indicate  tbe  mode  of 
(Tirarnunication  between  the  facial  and  the  muscles  of  tbe  palate.  Longet  regards  the 
filaments  of  the  facial  which  influence  the  levator  palati  and  azygos  uvul®  muscles  ii 
derived  from  the  large  petrosal  branch  of  the  nerve,  passing  to  the  muscles  through 
Meckers  ganglion,  the  filaments  to  the  p>alatO' gloss  us  and  the  palato-phsryngeus  being 
given  off  frrnn  the  glosso-pharyngeal,  but  originally  coming  from  an  anast<>mosing  branch 
of  the  facial.  As  regards  the  branches  of  communication  from  the  g1osso-pharyngeil« 
Longet  mentions  a  preparation  by  Richet*  in  the  museum  of  the  f^eole  de  mMetin^,  of 
Paris,  in  which  branches  of  the  facial  upon  one  side  passed  directly  to  the  palato-gk 
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*nd  the  pftlato^pharyngeus^  without  any  connection  with  the  glosso  pharyngeal  nerve. 
In  oar  aatttomiciil  desjcription  of  the  branches  of  the  facial,  we  have  already  noted  a 
fihunent,  described  bv  llirschfeld,  which  imsses  to  the  stylo-glossus  and  palato-glossus 
musdtss.     This  is  the  filament  affected  in  deviation  of  the  point  of  the  tongue. 

In  view  of  the  imtholof^'ical  examples  of  paralysis  of  the  pahite  and  nvuJa  in  certain 
cases  of  facial  palsj,  the  frequent  occurrence  of  contractions  of  the  muscle*  of  these 
I  parts  upon  galvanization  of  the  facial,  and  the  reflex  action  tli rough  the  glosso-pharjn* 
gcal  and  the  facial,  there  can  be  httle  doubt  that  the  muscles  of  the  palate  and  uvula  are 
auiuialeii  by  filaments  derived  from  the  seventh  nerve.  The  effects  of  paralysis  of  these 
muscles  are  manifested  by  more  or  less  difficulty  in  deglutition  and  in  the  proDunciation 
of  eertd.n  words^  with  great  difficulty  in  the  expulsion  of  mucus  collected  in  the  back 
part  of  the  mouth  and  the  pharynx. 

Funetlom  of  the  EHtrnal  BranehM  of  the  FatiaL—lh^  general  fimotion  of  tlie 

branches  of  the  facial  ^i^\u<^  to  the  superficial  muscles  of  the  face  is  sufficiently  evident, 

I  in  view  of  our  present  knowledj^e  of  the  di.strihution  of  the!*e  branches  and  the  general 

\  properties  of  the  nene.      Throughout  the  wntingps  of  81  r  Charles  Beli,  the  facial  is 

Bj>oken  of  as  the  "  respiratory  nerve  of  the  face/'     It  is  now  recognized  as  the  nerve 

which  presides  over  the  movements  of  the  superficial  muscles  of  the  face^  not  including 

\  directly  concerned  in  the  act  of  mastication.     This  being  its  general  function,  it  ia 

'  to  as!*ign  to  each  of  what  may  be  termed  the  external  branches  of  the  facial  its 

rportieular  ottiee. 

Jnst  after  the  facial  nerve  has  passed  out  at  the  stylo^mastold  foramen,  it  sends  to  the 
Ijglosso-pluixyngea!  the  communicating  branch,  the  functions  of  which  wo  have  just  con- 
'flidt>red  in  conuection  with  the  movements  of  the  palate. 

The  posterior  auricular  branch,  becoming  sensitive  by  the  addition  of  filaments  from 
the  cervical  plexusi,  gives  sonsibility  to  the  integument  on  tlie  back  part  of  the  ear  and 
over  the  occipital  portion  of  the  occipito-frontalis  muscle.  It  animates  the  retrahena 
and  the  attoUens  aurem,  muscles  hut  little  developed  in  mnn,  but  very  important  in  cer- 
tain of  the  inferior  animals.  It  also  animates  the  posterior  portion  of  tht5  occipito-fron- 
talis  niuftcle. 

The  branches  distributed  to  the  posterior  belly  of  the  digaatric  and  to  the  stylo-hyoid 
muiaiele  simply  animate  these  muscles,  one  of  the  uses  of  w!dch  is  to  assist  in  deglutition* 
The  same  may  be  said  of  the  filaments  that  go  tn  the  stylo-glossus. 

The  two  great  branches  distributed  upon  the  face  after  the  trunk  of  the  nerve  has 
passed  through  the  parotid  gland  have  the  most  prominent  function.  Both  of  these 
briiichos  arc  somewhat  sensitive,  from  their  connections  with  other  nerves,  and  are  dis- 
tribnted  in  small  part  to  integument. 

The  temporo-facial  branch  animates  all  of  the  muscles  of  the  upper  part  of  the  face, 

iln  complete  paralysis  of  this  branch,  the  eye  is  constantly  open^  even  during  sleep,  from 

l^smly^is  of  the  orbicularis  must:k\     In  cases  of  long  standing,  the  globe  of  the  eye  may 

I'beeotne  inflamed  from  constant  exposure,  from  abolition  of  the  movements  of  winking  by 

urbicb  the  tears  are  distribnted  over  its  surface  and  little  foreign  particles  are  removed, 

mod,  in  short,  from  absence  of  the  protective  action  of  the  lids.     In  these  cases,  the 

lower  lid  may  become   slightly  everted.     The  frontal  portion  of  the  occi  pi  to-frontal  ia, 

the  attrahens  aurem,  and  the  cornigator  Mipercilii  muscles,  are  also  paralyzed.     The 

,  tii'xkt  prominent  symptom  of  paralysis  of  these  muscles  is  inability  t<i  corrugate  the  brow 

iifH*n  one  side^  as  in  fro^natng. 

Panilyais  of  the  muscles  that  dilate  the  nostrils  has  been  i^hown  to  have  an  important 
Joflnen4"e  upon  respiration  through  the  nose.  It  was  the  synchronism  between  the  acts 
of  diiatatton  of  the  nostrils  and  the  movements  of  inspiration  wliieh  first  led  Sir  Charles 
Bell  to  regard  the  facial  as  a  respiratory  nerve.  In  instances  of  complete  paralysis  of 
the  ni>#tril  of  one  side,  there  is  frequently  some  difficulty  in  inspiration.  8ir  Charlcg 
-Bdl  refers  to  a  case  in  which,  when  '^the  patient  lay  with  the  sound  side  against  the 
40 
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pillow,  he  was  nnder  the  necessity  of  holding  the  paralytic  nostril  open  with  the  fingerv 
in  order  to  breathe  freely."  In  the  horse^  the  movements  of  the  nostrils  are  essential  to 
respiration,  the  animal  being  unable  to  breathe  through  the  month.  When  both  facia) 
nerv^es  are  divided  in  thitt  animal,  the  nostrils  collapse  and  are  ocdodv-d  with  eaoli  effort 
at  inspiration,  and  death  takes  place  from  saflrocation, 

Sir  Charles  Bell  and  others  have  also  noted  an  interference  with  olfaction,  dne  to  the 
inability  to  inhale  with  one  nostril,  in  eases  of  facial  paralysis.  The  intioence  of  the  nerve 
in  the  act  of  conveying  odorous  emanations  to  the  olfactor)-  membrane  is  sufficiently  evi- 
dent after  what  we  have  remarked  concerning  the  action  of  the  facial  in  respiration. 

The  effects  of  paralysis  of  the  other  superlicial  muscles  of  the  face  are  manifested  in 
the  distortion  of  the  features,  from  the  unopposed  action  of  the  mascles  opon  the  sound 
side ;  a  phenomenon  which  is  sufficiently  familiar  to  the  practical  physician.  Wbeo 
facial  palsy  ailects  one  side  and  is  comiilete^  the  angle  of  the  mouth  is  drawn  to  the 
opposite  side,  the  eye  upon  the  atfected  side  is  widely  and  permanently  opened  even 
dnring  sleep,  and  the  face  has  upon  that  side  a  peculiarly  expressionless  appearance. 
When  a  patient  affected  in  this  way  smiles  or  attempts  to  grimace,  the  di^tartion  ia 
much  increased.  The  lips  are  paralyzed  upon  one  side,  which  sometimes  causes  a  flaw 
of  saliva  from  the  comer  of  the  mouth,  tn  tbe  lower  animals  that  use  the  lips  in  pre- 
hension, paralysis  of  these  parts  interferes  considerably  with  the  taking  of  food.  The 
flaoddity  of  the  paralyzed  lips  and  cheek  in  the  human  subject  sometimes  causes  a  pn^^ 
ing  movement  with  each  act  of  expiration,  as  if  the  patient  were  smoking  a  pipe. 


Fig.  vHKi, 
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Fw.  806. 


Tin.  *im.  Fui    2ft:. 

Skpr'€4tion*  (^  tJte  fnm  produced  hy  amiracUim  of  tfif  muMcU*  undfr  tkcfrical  v^ciAttiun.    (Lc  Baa.  «a«»  i 

Dufticntic  I 
Ftic  SOS,  fhitit  rtevr  of  the  lk««tii  ivpoM. 
Fly.  ^  ^roOla  rlrw. 

F|j.  MOik  coprtHlm  of  Inti^jhtPT  upon  one  irttle,  prcwInrH  hy  rontnictloti  of  the  rvirnraalirui  mqj^r, 
W\g,  906^  oacpftiilon  of  fi\tkr.  [tr(Mliic4Kl  t>y  eontnirtioD  nf  the  frontal  uiu»cl«  And  thu  d^pivtjiors  of  tbe  1o««r  jttm^ 
FJ^.  SOT,  «xprt«lun  of  fcitr,  proflfc  rievr, 
F\g,  908,  Axpranilon  of  four  And  ^ttat  ptio,  produced  by  eontmcUoin  of  ihe  eonngmtor  BO|>«'if  IIU  snd  tht  Atfrtmam 
of  tb«  lower  Jaw. 


We  have  already  seen  that  the  buccinator  ia  not  supplied  by  filanients  from  the  nwro 
of  mastication,  but  is  animated  solely  by  the  facial.  Paralysis  of  tliis  mn«clo  interfepw 
materially  with  mastication,  from  a  tendency  to  accumulation  of  the  foo*l  between  iho 
teeth  and  the  cheek.    Patients  complain  of  this  difficulty^  and  they  sometimes  keep  tho 
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food  between  the  t«eth  by  {iressare  with  the  band.  In  the  rare  instances  in  which  both 
facid  nerres  are  paraljiied,  there  is  very  great  diHieoJty  in  mastication,  from  tiio  cause 
just  mentioned. 

The  functions  of  the  external  branches  of  the  facial  are  thus  safficiently  sim(>le ;  and 

19  only  fts  its  deep  branchtjs  afiect  the  taste^  tho  movements  of  de^lutitioD,  etc.,  that  it 

\  dirtUniJt  to  asccrUtin  their  exact  oliice.     As  this  is  tbe  nerve  of  exprcHsion  vt  thu  face* 

;  is  in  the  human  subject  that  tho  phenomena  attending  its  paralysis  are  mo&t  prominent. 

Then  bath  sides  are  affected,  tho  appearance  is  mo»t  remarkable,  the  face  being  abso- 

lately  expressionless  and  looking  as  if  it  had  been  covered  with  a  mask. 

Spinal  Accessory  and  Sublingual  Nerves. 

A  description  of  the  properties  and  fa  actions  of  the  spinal  accessory  and  the  sublin- 
I  completes  die  physiological  history*of  the  motor  nerves  emerging  from  the  cranial 
livitr.  The  functions  of  these  nerves  are  important,  and,  in  tbe  case  of  tho  spinal 
orj",  they  possess  considerable  interest,  from  tbe  fact  that  physiological  investigations 
only  within  a  few  years^,  determined  tbe  significauee  of  certain  of  its  anatoruical 
rUntlons^  As  we  have  done  in  studying  the  otber  motor  nerves,  we  shall  treat  succcs- 
ively  of  tlieir  riDfitomical  rebittons,  general  properties  and  tunctions. 


7     I  /  AtrtTf.     (Third  DU'ision  of  the  Eighth  Nerve.) 

The  5j)inal  u.. ^dy  nerve,  from  the  remarkable  extent  of  its  origin,  Its  important 
wiastomoiaes  with  other  nerves,  and  its  curious  coiirao  and  distribution,  has  long  engaged 
the  attention  of  anatomists  and  physiologists,  who  have  advanced  many  theories  witJi 
f«iB^ard  to  its  office,  We  shall  c<tntent  ourselves,  however,  with  a  simple  description  of 
i'  ^^natomy  as  it  appears  from  late  researcht'S,  and  shall  be^n  its  physiological  history 
'ill  tv^mparatively  recent  ex|>eriments,  which  alone  have  advanced  our  j>ositive  knowl- 
edge of  its  properties, 

/•  tl  A  natomtj  of  the  Spimtl  Aece^ifart/.^Tho  origin  of  this  nerve  is  very  exten* 

fife.  11  imrtion  arises  from  tbe  lower  half  of  the  medulla  oblongata,  and  the  rest 

takes  its  origin  l»clow,  from  the  upper  two-thirds  of  tho  cervical  portion  of  the  spinal 
©oftl.  That  f»ortion  of  the  root  which  arises  from  the  medulla  oblongata  is  called,  by 
tiie  Frenoft,  the  bnlbor  portion,  the  roots  from  the  cord  constituting  the  spinal  portion. 
loasmueh  as  there  is  a  marked  difference  between  the  fnnctions  of  these  two  portions, 
tli«  imatontlcal  distinction  just  n»entioned  is  important. 

The  enperior  roots  arise  by  four  or  five  tihinients  from  the  lower  half  of  the  medidln 
oblongata,  below  the  origin  of  the  pneumogastrics.  The!?e  filaments  of  origin^  in  prepara- 
tions hardcue<l  by  prolonged  immersion  in  alcohol,  are  aliown  to  be  connected  with  the 
hit^ral  portion  of  the  modnlla,  and  not  with  tho  posterior  columns.  Their  origin  seems, 
lliensfore*  to  be  from  the  motor  tract. 

Thw  spinal  portion  of  tbe  nerve  arises  from  the  upper  part  of  the  cervlcd  division 
d  tho  trpinal  cord,  between  tbe  anterior  and  posterior  roots  of  the  upper  four  or  five 
oeiricAl  nerves.  Tbe  filaments  of  origin  are  from  six  to  eight  in  number.  The  most 
inferior  of  these  is  generally  single,  the  other  tilaraents  l>eing  frequently  arranged  in 
psirs.  These  take  their  origin  from  the  lateral  portion  of  the  cord,  rather  nearer  the 
posterior  median  line  tiian  the  roots  froni  the  medulla  oblongata. 

F<^ow$ng  tbe  nerve  from  its  most  inferior  filament  of  origin  upward,  it  gradually 
I  in  size  by  union  with  its  other  root**,  enters  the  cranial  cavity  by  the  foramen 
Diun,  and  passes  to  the  jagnlar  foramen,  by  which  it  emerges,  in  connection  with  tho 
giotso-pharyngeal,  tbe  pneumogastric^  and  tlio  internal  jugular  vein. 

in  its  course,  the  spinal  accessory  anastomoses  witfi  several  nerves.  Just  as  it  enters 
th«  emnial  cavity,  it  receives  filaments  of  commnnlcation  from  the  posterior  roots  of  the 
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upper  two  cervical  nerves*     Thedc  filumentf^,  however^  are  not  constant.     It  freqnentlj, 
though  not  constantly,  sends  a  few  filaments  to  the  superior  ganglion^  or  the  ganglion  \ff 
the  root  of  the  pneumogastric.     After  it  hu»  emerged  by  the  jngular  foramen^  it  semis  a  { 
branch  of  considerable  size  to  the  pneumogastnc,  from  whlcii  nerve  it  also  receives  a  few 
filaments  of  oommunieation.     Ihis  branch  will  be  again  referred  to  in  connection  with  j 
the  diatributJon  of  the  nerve.     In  its  course,  it  also  receivea  lilaments  of  commnnication  I 
from  the  anterior  branches  of  the  second,  third,  and  fourth  cervical  nervefs. 

In  its  distribution,  the  spinal  accessory  presents  two  brandies.     Tlie  first,  or  anasto- 
motic braneli,  passes  to  the  pneumogastric  just  below  thu  [►lexifomi  enlargement  whicli  j 
is  sometimes  called  the  ganglion  of  the  trunk  of  tlie  pneumogastric, 

The  internal,  or  anastomotic  branchy  is  composed  principally,  if  not  entirely,  of  tW  | 
filaments  that  take  their  origin  from  the  medulla  oblongata.  Ad  it  joinj$  the  pnenmuigsna-  ' 
trie,  it  subdivides  into  two  femaller  branches.     The  'firsft  of  these  forms  a  portion  of  tli«k 

pharyngeal  branch  of  the  pnenmogastric,  Tbe 
seeond  becomes  intimately  united  with  tli» 
lineumogastric,  lying  at  its  posterior  portion^ 
and  furnishes  filaments  to  the  inferior,  or  n^* 
current  laryngeal  branch,  which  is  distributed 
to  all  of  tlie  muscles  of  the  larynx  except  the 
erieo-thyroid.  The  passage  of  the  filanientii 
from  the  spinal  acceasory  to  the  pharyngeal 
branch  of  tlic  pneumogastne  is  easily  observed; 
but  the  fact  that  filaments  from  thiijL  nerve  pass 
to  the  larynx  by  the  recurrent  laryngeal  bA» 
l>oen  ascertained  only  by  physiologioa]  experi* 
raenta. 

The  external^  or  large  branch  of  tlie  spinal 
accessory,  called  the  muscular  branch,  pene- 
trates and  passes  through  the  postc'rior  portion 
of  the  upper  third  of  the  stemo-cleido^nafftotd 
muscle,  goes  to  the  anterior  surface  of  the  trspe- 
ziuB^  whicli  muscle  receives  its  ultimale  branchy 
of  distribution.  In  ita  passage  through  the 
stomo*cleido-mastoid,  it  joins  with  branclwt 
from  the  t^econd  and  third  cervical  nerves  and 
8endfi  filaments  of  distribution  to  the  muitcli^. 
Altliougli  the  two  muscles  just  mentioned  re- 
ceive numerous  motor  filaments  from  the  spinal 
accessory,  tbcy  are  also  supplied  from  the  cM^r- 
vical  nerves ;  and,  consequently,  they  are  not 
entirely  paralyzed  when  the  spinal  ( 
divided. 
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PraperUe9  and  Fnntticm  0/  tht  ^^j>inat 
reuory. — ^Notwithstanding  the  great  difficnUy  in 
ex  poising  aud  in  operating  upon  the  rootd  of  the 
spinal  accessory,  it  has  been  demont»trat^d  titat 
ilieir  gal  van  illation  produces  convulsive  move- 
ments in  certain  muscles.  The  mof^t  !«ati«*taciory 
experiment*  with  relation  to  the  general  proiHrr- 
tio  fr.  ...^  roots  were  made  by  Bernar<L  This  physiologist  cut  through  the  oocip&to- { 
atlotd  membranes  and  galvanised  the  filaments  within  the  spinal  canal.  By  galvunixing  I 
the  filaments  arising  from  the  medulla  oblongata,  he  produced  contraotiona  of  the  mna-  ' 
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i  of  the  pharjrnz  and  laijax  and  no  movcmeDts  of  tlie  sterno-maKtoid  and  trapezius. 
Cralvatji2atioQ  of  tho  roota  ariaing  from  tbo  spiiijil  cord  produced  movements  of  the  two 
muscles  just  mentioned  and  absolutely  no  movt^ments  in  the  Itiryns.  Iti  view  of  tlJeli^^ 
expimments,  it  is  evident  thut  tba  true  filaments  of  origin  of  the  apinal  accessory  are 
Miuior;  and  it  is  fartlier  evident  that  tbe  filaments  from  the  medulla  oblonj^ata  are  di*- 
K'tHbuted  to  tbe  muscles  of  the  pharynx  and  larvnx,  while  the  fHaments  from  the  si»mal 
cord  go  to  the  sterno-cleido-mastoid  and  trapezius. 

The  trunk  of  the  spinal  accessory,  after  the  nerve  has  passed  out  of  the  cranial  cavity, 
kis  endowed  with  a  certain  degree  of  sensibility.     If  tho  nerve  be  divided^  the  peripheral 
.  extremity  manifests  recurrent  sensibility,  but  the  central  end  is  also  sensible^  proba- 
bly from  direct  filament*  of  communication  from  the  cen*iciil  nerves  and  tlie  pneumo- 
nic.    As  we  have  remarked^  however,  in  treating  of  the  properties  of  some  other  of 
>  cranial  nerves,  it  is  exceedingly  difficult  to  note  satbfactorily  a  slight  degree  of  sensi- 
bility in  nerves  that  can  be  expoi^ed  only  by  a  tedi<»us  and  painful  operation. 

The  functions  of  the  external  or  nmscular  branch  of  the  spinal  aceeeaory  arc  suffi- 
ciently evident ;  and  the  efleots  of  tbe  de^trui'tion  of  the  nerves  on  both  sidei^  as  far  as 
^tbm  branch  is  concerned,  simply  resolve  themeelvea  into  tbe  phenomena  due  to  partial 
ilyaia  of  the  sterno-ma^toid  and  trupezins;  but  the  functiom  of  the  branch  which 
joins  the  pneamogastric  are  much  more  complex. 

Ftiiittiont  of  the  Internal  Branch  Jhfm  the  *^punil  Accimory  to  the  Pneumo^astrie. — 
^BischoiF  attempted  to  ascertain  tbe  functions  of  this  branch  by  dividing  tho  roots  of  the 
pinal  nocessory  upon  both  sides  in  a  living  animal.     The  results  oi*  his  experiments  may  be 
l#tate<l  in  a  very  tew  words:    lie  attempted  to  divide  all  of  tbe  roots  of  tbe  nerves  upon 
^Innth  !*ides  by  dissecting  down  to  the  oocipilo-atloid  space  and  ^H?notratintJ:  into  tlie  cavity 
\>(  the  spinal  canal.     In  the  first  three  experiiiionts  upon  dogs,  the  animals  died  su  soon 
r Alter  action  of  tiio  nerves,  that  no  satisfactory  results  were  obtained.     In  two  succeed- 
ing <ixperimentd  upon  dogs,  the  animals  recovered.    After  division  of  the  nervess  the  voice 
tMcamo  hoarse,  but  a  few  weeks  later,  it  became  normal     On  kUling  the  animals,  an 
aination  of  the  parts  iibowed  that  aome  of  the  filaments  of  origin  had  not  been 
llvidod.     An  experiment  was  then  made  upon  a  goat,  but  this  was  uns4itisfactory»  a^  the 
were  not  completely  divided.     Finjilly,  another  experiment  was  made  upon  a  goat. 
I  the  results  were  more  satisfactory.     After  division  of  the  nerve  upon  one  tuldo, 
became  hoarse.     As  tho  filaments  were  divided  upon  tlie  opposite  side,  the 
voice  w^as  enfeebled,  until  finally  it  became  extinct.     The  sound  emitted  afterward  was 
one  which  could  in  nowise  be  called  voice  (*'qui  neutiqumn  rovt  apptllari  pt^titW'),    This 
«xperinient  was  made  in  tho  presence  of  Tiedemann  ajid  Seubertus  and  wa*  not  re- 
eated. 

Bernard,  whose  ingeniooa  experiments  determined  exactly  the  influence  of  the  spinal 
f  ce^sory  over  the  vocal  movements  of  the  larynx,  first  repeated  tho  experiment*  of  Bis- 
boif ;  but  the  animals  operated  upon  died  so  soon,  from  hfemorrliage  or  other  cause!?, 
that  his  observations  were  not  satiBfactory.     After  many  unsticccsv^ful  trials,  be  succeeded 
in  overcoming  all  difficulties,  by  following  tho  trunk  of  the  nerve  back  to  tbe  jugular 
foruuon,  seizing  it  here  with  a  strong  pair  of  tbrceps,  and  drawing  it  out  by  tbe  roots. 
Thia  operation  is  difficult,  but  we  have  sevenil  time'*  performed  it  with  entire  success, 
and  have  verified,  in  every  regard,  the  facts  observed  by  Bernard.     Within  Ihe  last  year, 
I  lexoellent  assistant  to  tbe  chair  of  Physiology  at  the  Bellevue  Hospital  Mc^lical  CoU 
Pr,  C.  F.  Roberta,  has  succeeded  in  extirpating  these  nerves  for  claims-demon- 
The  operation  is  generally  most  Bueoesafol  in  cata,  although  Bernard  has 
1  frequently  in  other  animals. 
Th^  ««perative  [irocedure  employed  by  Bernard  is  the  following:    The  trunk  of  tbo 
afsrre  la  exposed  aa  it  passes  through  the  sterno-cleido-mastoid  muscle.     It  is  then  fol- 
lowed up  by  careful  dissection,  avoiding  hlouil -vessels  as  much  as  poasihle,  to  the  poste* 
^fiot  foramen  l8oeram<  when  the  sublingual  is  seen  crossing  the  coarse  of  the  pnenmo- 
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branch  of  the  spinal  aoceesoiy  which  goes  to  these  muscles  has  a  certain  ajiichr 
with  the  aetiuu  of  the  branch  going  to  the  larynx  and  the  pharynx  ;  the  ono  fixing  the 
upper  pail  of  the  cheat  so  that  the  expalsion  of  tlie  air  through  tlte  glottis  may  be  mom 
nicely  reguUited  by  the  expiratory  muscles,  and  the  other  acting  upon  tljc  vocal  cordfit 

In  what  is  known  to  physiologist5  as  muscular  etTort,  the  glottis  is  closed,  the  thorax 
is  fixed  after  a  full  inspiration,  and  respiration  is  arrested  **o  long  us  the  effort,  if  it  be 
not  too  prolonged,  is  continued.     The  same  syuchronisni,  therefore,  obtains  in  thia  as  ill 
prolonged  vocal  efforts.     In  experiments  in  which  the  muscular  branch  only  has  been 
divided,  shortness  of  breath,  atter  violent  muscular  effort,  h  obt^crved  ;  and  tljis  is  proba* 
bly  due  to  the  want  of  synchr<-»iious  action  of  the  steruo-cleido-mastoid  and  tra^^ezius^i 
The  irregularity  in  the  movements  of  progression  in  animals,  in  which  either  boUti  branch*- 
ed  or  the  muscular  branches  alone  have  been  divided,  is  due  to  anatomictil  pecallantieB^I 
Bernard  has  oliserved  tJieae  irregularities  in  the  dog  and  the  horue,  but  they  are  not  m>  j 
well  marked  in  the  cat.    There  have  been  no  opportunities  for  illnstrating  theso  poinlj 
in  the  human  subject. 

SuMmgual^  or  Iftfpoglossal  ^trri*.     [Xlnth  Nerve,) 

The  last  of  the  motor  cranial  nerves  is  tlie  sablingnal ;  and  ita  fnnctiona  are  iolH 
roatoly  connected  with  the  physiology  of  the  tongue  in  deglutition  and  articulation 
although  it  is  also  distributed  to  certain  of  the  muscles  of  the  neck. 


Phyiiologkal  Anaiomif  of  the  SMlngual  Ntrte, — The  apparent  origin  of  tlie  <nbUn- 
gtial  is  from  tJie  medulla  oblongata,  in  the  groove  between  the  olivary  body  and  tho 
anterior  pyramid,  on  the  line  of  the  anterior  roots  of  the  spinal  nerves.     At  this  puint^l 
its  root  is  formed  of  from  ten  to  twelve  tihtments,  which  extend  from  the  inferior  por- 
tion of  the  olivary  body  to  about  the  junction  of  the  upper  with  the  middle  Uiirdj 
These  lilaments  of  origin  are  separated  into  two  groups,  superior  and  inferior,     Fron 
this  apparent  origin,  the  filaments  have  been  traced  into  the  gray  matter  of  the  floor 
of  the  fourth  ventricle,  between  the  deep  origin  of  the  pneumogaslric  and  the  glo«i80-^ 
pharyngeal.     Although  there  is  much  difference  of  opinion  upon  this  point,  it  is  proliabJe 
that  some  of  the  filaments  of  origin  of  these  nerves  decussate  in  the  floor  of  the  fourthj 
ventricle.     The  superior  and  inferior  filaments  of  origin  of  the  nerve  unite  to  form  tf 
bundles,  which  pa»s  through  distinct  perforations  in  the  dura  raater.    These  two  buiidk'sl 
then  pass  into  the  anterior  condyloid  foramen  and  unite  into  a  single  trunk  as  thcjl 
emerge  from  the  cranial  cavity. 

After  the  soblingual  has  passed  out  of  the  cranial  cavity,  it  anastomoses  with  severa 
nerves.  It  sends  a  filament  of  communication  to  the  sympathetic  as  it  branches  fromj 
the  superior  cervical  ganglion.  Soon  after  it  has  passed  through  the  foramen,  it  ^nda  j 
branch  to  the  pnenmogastric.  It  anastomoses  by  two  or  three  branches  with  the  opper 
two  ccrvicid  nerves,  the  filamenta  passing  in  both  directions  between  the  nerve».  Jl 
anastomoses  with  the  lingual  branch  of  the  fifth,  by  two  or  three  filament*  parsing  ifl 
both  directions. 

In  ita  dietribution,  the  sublingual  presents  several  remarkable  peculiarities : 

Its  first  branch,  the  descendens  noni,  [jasses  down  the  neck  to  the  stemo-hyoid,  »ter^ 
no-thyroid,  and  omo-hyoid  muscles.      From  its  relations  with  important  reeieU  usd^ 
nerves,  tliis  branch  possesses  considerable  surgical  interest. 

The  thyro-hyoid  branch  is  distributed  to  the  thyro  hyoid  muscle. 

The  other  brandies  are  distributed  to  the  slylo-glossua*  hyo-glossuB,  genio-byoid,  nnd 
genio-hyo-glos9U8  muaolea,  their  terminal  filaments  going  to  the  intrinato  lunacies  of  tlid  j 
tongue. 

It  18  tbuB  seen  that  the  sublingual  nerve  is  distributed  to  all  of  the  musclea  in  th«  j 
infya-byoid  region^  the  action  of  which  is  to  depress  the  larynx  and  the  hyoid  bone  afte? 
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the  passage  of  the  alimentary  bolas  through  the  pharynx  ;  to  ono  of  tlte  muscles  in  the 
srti|»rii'hx Old  region,  the  genio-hyoid  ;  to  most  of  the  muscles^  which  rnovo  the  tongue; 
md  U>  t!ie  macular  fibres  of  the  tongue  itselt^  The  action  of  these  muscles  and  of  the 
F  itaelf  m  deglntition  has  already  heen  fully  discussed. 


Fia. 
l^  loot  of  tbe  AfUi  nerve ;  3.  ^tin. 

— ^— 'a;  80^ 21^  gim; 


</  f^f'  mMingtiai  n^rrc.    (S»ppey.) 

i,  •%  <V.  T^  9,  to,  IS,  branches  and  •JuKtm&OMM  of  ttt  tilth  n<<TVf ; 

\hv  dijTiutric  muAcle;  14,  B«cticKii  of  the  mylo-byoUt  niii<^^^,  15, 
AudfTscL;  17,  Jfct  bnuicheft  of  the  gk)eao-|»tiu7iiiR«aJ  in  i  ' 

iitni»ir»tric ;  22,  32,  sttp«rior  larvoff^  bmieb  of  the  pu^ 

SS,  two  bronehM^  (me  to  th<  gcnio-hjfo-gUfvniM  and  the  o£A«r  to  ths  (/en^hjfoid  mutch. 


Projiertie*  and  Functwru  of  the  SublinffuaL—TheirQ  is  every  reason  to  believe  that 
the  BublingTial  nerve  is  entirely  insensible  at  it»  origin  from  the  methilln  oblongata.  The 
fact  that  it  arises  from  a  contiBuatiori  of  the  motor  tract  of  the  spinal  cnrd  and  has  no 
ganglion  upon  its  main  root  would  lead  to  the  supposition  that  it  ia  an  exclusively  inoti>r 
nerve.  In  operating  nijon  the  roots  of  the  spinal  accessory,  when  the  origin  of  the  gub- 
ngtial  is  necessarily  exposed^  Longet  has  irritated  the  roots  in  the  dog,  without  any  evi- 
enc«  of  pain  on  the  part  of  the  anhnal.  Such  experiuients,  taken  iu  connection  with 
'the  anatomical  characters  of  the  nerve,  render  it  almost  certain  that  its  root  i*  devoid 
of  ftensibility  at  its  origin.  All  modern  experimenters  have  confirmed  the  observations 
Df  Mayo  and  of  Mageudie,  with  regard  to  the  sensibility  of  the  sublingual  after  it  has 
ssed  out  of  the  cranial  cavity.  The  anastomoses  of  this  nerve  with  the  upper  two 
cenrtcal  nerves,  with  the  pneumogastrie,  and  with  the  lingual  branch  of  the  fifths  afford 
t  rvady  explanation  of  this  fact. 

The  functions  of  the  subliuguul  have  already  been  so  fully  considered  under  the  head 
tioD,  that  they  need  not  hki  discussed  elaborately  in  tliis  connection.     We  shall 
)}  \y  8tat€  the  phenomena  which  follow  stimulation  of  the  nerve  and  tlie  diviBioa 

of  k>th  nerves  in  living  animals. 
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The  BubliDgQ&l  tnnf  be  easily  exposed  in  the  dog  by  iDakin^  an  inokloa  just  below 
the  border  of  the  lower  juw,  dLsseutini^  down  to  the  carotid  artery  and  follow  iu^  the 
vessel  upward  uDtil  we  see  the  nerve  as  it  crosses  its  course.  On  a(iplyiiijg  a  ieoble 
carrent  of  galvanism  at  this  point,  there  are  eyidenoee  of  sensibility,  and  the  Umgoio  b 
moved  convulsively  at  each  stimulation. 

The  pbenomenft  foUowing  section  of  both  Bohlingniil  nerves  point  directly  t^  their  , 
function.  The  most  notable  fact  observed  after  this  operation  is,  that  the  movemoots  of 
the  tongue  are  entirely  lost,  while  general  sensibility  and  the  sense  of  tasU*  are  not  aflected* 
The  phenomena  which  follow  division  of  these  nerves  consist  simply  in  loss  of  power 
over  the  tongue,  w^ith  considerable  diificulty  in  deglutition.  We  have  repeatedly  not4»d 
all  of  these  points  and  have  demoni*trftt*  d  them  to  medical  cl&=ise«. 

In  the  human  subject,  the  Bublingual  Is  usually  more  or  less  affcoted  in  bemiplegia. 
In  these  cases,  as  the  patient  protrudes  the  tongue  the  point  is  deviated.    This  \a  due  to  , 
the  unopposed  action  of  the  gonio-hyo-glosauB  upon  the  sound  side,  which,  as  it  pro-  | 
trades  the  tongue,  directs  the  point  toward  the  side  atfected  with  paralysis. 

A  disease  of  rather  rare  occurrence  has  lately  been  described  nnder  the  name  of 
gloBSO-labial  paralysis,  which  is  characterized  by  paralysis  of  the  sublinguals,  affei^UDg 
also  the  orbioularis  oris  and  frequently  the  intrinsic  muscles  of  the  larynx.     The  phe- 
nomena referable  to  the  loss  of  power  over  the  tongue  correspcmd  to  those  obserretl  itj 
tmimals  after  section  of  the  sublingual  nerves,     Patienta  affected  in  this  way  i'\\ 
difficulty  in  deglutition,  and,  in  addition,  we  note  an  interference  with  articulation. 
cannot  be  observed  in  expcdments  npon  animals.     We  lately  had  a  case  of  this  dtsca*^  I 
under  observation  in  the  Belle vne  Hospital,  the  phenomena  of  which  w*ere  peculiarly  i 
interesting  from  a  physiological  point  of  view.     This  patient  presentt-'d  complete  pandj^ 
%\»  of  the  tongue^  with  considerable  clifficulty  in  deglutition,  probably  from  the  tougrue- 
affection.     The  orbicularis  oris  was  also  paralyzed.     The  paralysis  probably  ei[t€iidod| 
to  the  intrinsic  muscles  of  the  larynx,  as  little  or  no  vocal  sound  could  be  made*    TIm 
patient  was  incapable  of  articulate  language  and  communicated  entirely  hy  ^&^^ 
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THflMdikl  or tHfentloft]  ticrrU'PUy#>lotoirJi9l  analoniy  of  tli«  txifiMlai — rroptrtlis  iiml  runctloQi  of  iJia 

fiton  of  tbo  trlfturlAl  v^itkki  tLo  cr&iuil  cnrttf — Immadlllttf  vflbcls  uf  division  ut  tiii>  U^IbcIaL— tCanitite 

dIrliloD  oftbt*  trtflieljil— DIvifioo  erf  the  ttiTnc\tl  Itefbrv  anil  bftiiiiil  thu  ^ruti{fllou  of  ri44««rr- 

Ul^  0>1i]ipAtt!i''tf'<'  «it  thi'  I'ftrftirHcifi  of  n^^'Mikf^ExplanAllon  of  tlic  )iiii'tiani«aii  uf  diMm1«'f<«t  MiirflkM  oJtar  4Bprttttm 

tho  flgiMh)  r)r»  ui}.l  fiitirti>m«of  the  ]>ci4nun(iftt^  imtp^rHeM  vt  tkt 

r<x»t»— Prc»[-  ■■^■■-  iu.Tvc*—TV't"'- ♦'■■•*  ■"-'  '"f-*' i-^^rjngMl  mivii^ 

ProiKnttes  nrrvv.*— Pp  m*  of  ili^  ttiRnlar.  or  rc««m«t 

lii7ii|roftl  h' r  unJAui' tivrvr  ihv  poeitniotfMkrte*  npoo  1^ 

c3rpilbltlaii--I>i'[fivwir-tii'rvi,<  uf  lUv  cirvulaUuii— PrtiptTtii^  atiil  fuotUuup  *'\  Uu'  [^ulincifioirx  bmocbi^^  tsd  imki^ 
ence  oflhe  pneumoirtifttHe^upon  rwjilralioa— rro|Ktii1«*s  uiitl  AiDcttons  of  rbr  rriof.hncpmJ  fiorrcw— f^vpntlcs  4fed 
fUnetknis  of  the  «bd«mliul  bnuiebef. 


Tnfacial^  or  Ttigeminal  Nerne.    {Lttrge  Moot  of  the  lufth  Nervt.) 

A  siNoLK  nerve,  the  lai'gc  root  of  the  fifth  pair,  called  the  trifacial  or  the  trigumtnaU 
gives  general  sensibility  to  the  face  and  to  the  head  as  far  back  m  the  vertex.  Tliis  is  one 
of  the  most  interesting  of  the  cranial  nerves  and  is  one  nf  the  first  that  wiis  experimental 
upon  by  physiologists.  It  t»  interesting,  not  only  as  the  great  sensitive  nerve  of  the  tbc^i 
but  from  its  connections  witli  other  nerves  and  its  relations  to  the  organs  of  special  een^c 
In  studying  the  physiology  of  this  nerve,  we  must  necessarily  begin  with  its  phytiiol 
anatomy. 


fnjil-   ^B 
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Phyti*>lo^kal  Anatomtf  of  the  Trifatial  Xerte. — The  apparent  origin  of  the  large  root 
of  the  tiftli  IB  from  tho  lateral  portion  of  the  pona  Varolii^  posterior  and  inferior  to  tlie 
origin  of  tlie  sriiaU  rrH>t,  from  which  it  U  separated  hj  a  few  transverse  fibres  of  white 
fuhfitance.  Tho  deep  origin  h  far  removed  from  it^  point  of  emergence  from  the  cncepba- 
Ion.  The  roots  pass  entirely  through  tho  substance  of  the  pons,  from  withont  inward 
nnd  from  before  backward^  without  any  connection  with  the  fibres  of  tho  pons  itself.  By 
this  course^  it  reaches  the  medulla  oblongata^  where  the  root^  divide  into  three  bundles. 
The  anterior  bundle  paj^sea  from  behiud  forward|  between  the  anterior  fibres  of  the  pons 
and  tlie  cerebellar  portion  of  the  restiform  bodies^  to  anastomose  with  the  nuditory  nerve. 
Tlie  otlicr  bundles,  which  are  posterior,  pa*s,  the  one  in  tho  jmteritir  wall  of  the  fourth 
ventricle  to  the  lateral  tract  of  the  medidla  obloogata,  and  the  other^  becoming?  grayi<«h 
in  color,  to  the  restiform  bodies,  from  whicli  they  may  l»e  followed  as  far  as  the  point 
of  the  calamus  sicriptoriuB.  A  few  fihres  from  the  two  sides  decussate  at  the  median  line 
in  the  anterior  wall  of  the  fourth  ventricle.  From  this  origin^  the  large  root  of  the  fifth 
pESJMs  obliquely  upwanl  and  forward  to  the  ganglion  of  Gasaer,  w  hioh  is  situated  in  a 
d^prciision  in  the  petrous  portion  of  the  temporal  bone  on  the  internal  portion  of  its  ante* 
rioT  face. 
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Tbf  Gasserijin  ganj^lion  l^  siiuiliiiiar  in  form  (sometimes  it  is  called  the  j^emilunar 
fitiglionK  with  its  concavity  looking  upward  and  inward.  At  the  ganizlion,  the  nerve 
receives  filaments  of  communicatioTi  from  the  carotid  plexns  of  the  sjrmpathetic.    This 
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ttnatomical  point  U  of  importanoe  in  rlew  of  some  of  the  remote  effects  which  foHcivr 
division  of  the  fifth  nerve  through  the  giinglion  in  living  tmitnals. 

It  will  be  necessary  only  to  describe  in  a  general  way  the  nonierons  branches  of  dift- 
tribntion  of  the  fifth  nerve,  remeiDbering  that  it  m  the  grejit  sensitive  nerve  of  the  face. 

At  the  ganglion  of  Gasser,  from  its  anterior  and  external  portion,  are  given  off  a  few 
small  and  unimportant  branches  to  the  dura  mater  and  the  tentorium. 

From  the  convex  border  of  the  ganglion,  the  three  great  branches  ari.^^  which  hnrt 
given  to  tlio  nerve  the  name  of  trifacial  or  trigeminal.  These  are:  1,  the  ophthalmhr; 
2,  the  superior  maxillary ;  3,  the  inferior  maxillary.  The  oplithahnic  and  tlie  superior 
maxillar>^  branch  uro  derived  entirely  from  the  sensory  root.  The  inferior  mnxiikry 
branch  joins  wit!i  the  motor  root  and  forms  a  mixed  nerve. 

The  ophthalmic  branch,  the  first  division  of  the  fifth,  is  the  smaUeBt  of  the  three. 
Before  it  enters  the  orbit,  it  i^eoeives  filaments  of  oonmiunieation  from  the  sympathetic, 
sends  small  branches  to  all  of  the  motor  nerves  of  the  eyeball,  and  gives  off  a  small  reowr* 
rent  branch  which  passes  between  the  layers  of  the  tcntonum* 

Jwst  before  the  ophthalmic  branch  enters  the  orbit  by  the  sphenoidal  fissure,  it  dividet 
into  three  branches ;  the  laclirymal,  frontal,  and  nasal. 

The  lachrymal,  the  smallest  of  the  three,  send*^  a  branch  to  the  orbital  branch  of  tli^ 
auperior  maxillary  nerve,  passes  through  the  laclirjTual  gland,  to  which  certain  of  its  GJa* 
ments  are  distributed,  and  its  tertniual  filaments  go  to  the  conjunctiva  and  to  the  integn* 
ment  of  the  upper  eyelid. 
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The  ft-ontJil  branch,  the  largesit  of  the  three,  divides  into  the  supra-trochlear  and  supra- 
orbital nerves.  The  suprn-trochlcar  passes  out  of  the  orbit  between  the  supra- orbital 
foramen  and  the  pulley  of  the  superior  obli(]ue  muscle.  It  sends  in  its  coanse  a  long, 
delicate  filament  to  the  nasal  branch  and  is  finally  lost  in  the  integument  of  the  forehead. 
The  supra-orbital  passes  through  the  supra-orbital  foramen,  ^ends  a  few  filaments  to  the 
npper  eyelid,  and  supplies  the  forehead,  the  anterior  and  median  portions  of  the  rcalp, 
the  mucous  membrane  of  the  frontal  sinus,  and  the  pericranium  covering  the  frontai  aiid 
parietal  bones. 

The  najwil  branch,  before  it  penetrates  the  orbit,  gives  off  a  long,  delicate  filamont 
the  ophthalmic  ganglion^  constituting  its  sensory  root.    It  then  gives  off  the  long 
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neTTcs,  whiob  pass  to  the  cilmrj  miisck  and  iris.  Its  trunk  finally  divides  into  the  external 
nuBiilf  or  infra'tronhlearii^,  nud  the  intemiil  uasuJ,  or  ethmoidal.  The  infra-trochlearis  is 
disttibtited  to  tb©  integument  of  the  foreh©a4  and  nose,  to  the  internal  surface  of  tiio 
lower  eyelid,  the  laclirymal  sac,  and  the  caruncula.  The  internal  nasal  U  distributed  to 
the  mucons  niernbrttne,  and  also  in  part  to  tho  integument  of  thu  no«e. 

The  saperior  niiixillary  branch  of  tlie  fifth   pai*t*ei!i  out  of  the  cranial  cavity  by  the 
Iforainen  rotunduni,  traverses  the  inlra-orhital  eanal,  and  emerges  upon  the  face  by  the 
lifitra-orbital  foramen.     Branches  from  this  nerve  are  given  oflF  in  the  ^pheuo-maxillary 
^Mld  the  infra-orbital  canal,  before  it  emergent  upon  tlie  face.     In  the  spheno-maxil- 
•M,  the  first  branch  Is  the  orbital,  which  pas^s  into  the  orbit,  giving  off  one 
brancK,  the  temporal,  which  passes  through  the  temporal  fossa  by  a  foramen  in  the  malar 
bone  and  is  distributed  to  the  integument  on  the  temple  and  the  side  of  the  forehead. 
Another  branch,  the  malar,  which  likewise  emerges  by  a  foramen  in  the  malar  bone,  is 
I  distributed  to  the  integnmecit  over  this  bone.     In  the  spheno-maxilltiry  fossia,  are  also 
Igiven  off  two  branches,  which  pass  to  the  spheno-palatine,  or  MeckeFs  ganglion.     From 
jlhii*  portion  of  the  nerve,  braiichea  are  given  otl*  the  two  posterior  dental  nerves,  which 
*Mre  distributed  to  the  molar  and  bicuspid  teeth,  the  mucous  membrane  of  tlic  correspond- 
ing alv^lar  proceaeea,  and  to  the  antrum. 
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In  t!io  infra-orbital  canaU  a  large  branch,  the  anterior  denial,  is  given  off  to  the  teeth 
And  mucous  membrane  of  the  alveolar  processes  not  supplied  by  the  posterior  dental 
nerves.    This  nerve  anastomoses  with  the  posterior  dental 
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The  terminal  broncbes  upon  the  fiice  arc  distribated  to  the  lower  eyelid  tthe  i^alpebnl 
LraDches) ;  to  the  side  of  the  nme  (the  oasal  branches),  anastomomi]);  with  tho  niuiil 
branch  of  tlie  ophthalmic ;  and  to  the  integument  and  mucous  membrane  of  the  nppctr 
lip  (the  labial  brandies). 

The  inferior  maxillary  is  a  mixed  nerve,  composed  of  the  inferior  division  of  thc>  birge 
root  and  tlie  entire  <7mall  root.  The  distribution  of  the  motor  tilamentA  hts  already  been 
described  under  the  head  of  the  nerve  of  masttcation.  This  nerve  [»ast^«  out  of  the  crania) 
cavit^^  by  the  foramen  ovale,  and  then  separates  into  the  anterior  division,  containing 
nearly  all  of  the  motor  filamenta,  and  the  posterior  division,  which  is  chiefly  aenaarj. 
The  sensory  portion  breaks  up  into  numerous  branches : 

1.  The  auriculo'lemporal  nerve  supplies  the  iutegmment  in  the  temporal  reidon,  the 
anditory  meatus  and  the  integument  of  the  ear,  the  temporo-mftxillary  articulation,  and 
the  parotid  gland.    It  al^o  senda  important  branches  of  communication  to  the  faciuL 

2.  The  lingual  branch  b  diatributed  to  the  inucoos 
membrane  of  the  tongue  aa  far  as  the  point,  the  mncooa 
membrane  of  the  mouth,  the  gums,  and  to  the  subllngtial 
gland.  This  nerve  receives  an  important  branch  from 
the  facial  (the  chorda  tynipani)  which  has  already  been 
described.  From  this  nerve,  also,  are  given  off  two  or 
three  branches  which  paea  to  the  submaxillary  g&nglton, 
constituting  its  sensory  roots. 

8*  The  inferior  dental  nerve,  the  largest  of  tlie  three, 
passes  in  the  substance  of  the  inferior  maxillary  bone^ 
beneath  the  teeth,  to  the  mental  foramen,  where  it 
emerges  upon  the  face.  The  most  important  sensory 
branches  are  those  which  supply  the  pulps  of  the  t^cth, 
and  the  branches  upon  the  face.  The  nerve,  emerging 
upon  the  face  by  the  mental  foramen,  called  the  meotal 
nerve,  supplies  the  integument  of  the  chin  and  the  lower 
^""^iSSn^NiSMon^^M^^^  p4irt  of  the  face,  the  lower  lip,  and  sends  certain  filaioenta 
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Properties  and  Funetians  o/  th$  Trifttciah — In  1822, 
Herliert  Mayo  imbllsJied  an  acconnt  of  **  experimentfl  to 
determine  the  influence  of  the  portio  dura  of  tho  sev- 
enth, and  of  the  facial  branches  of  the  fifth  [>air  of 
nerves/'  These  experiments  consisted  in  dividing  the  infra-orbital,  inferior  niaxUlary 
and  frontal  liranches  of  the  fifth,  and  tlje  branch  from  the  fifth  to  the  seventh,  in  aesea, 
by  which  it  was  demonstrated  that  tiicse  were  exclusively  sensory  nerves.  In  a  second 
publication,  tho  following  year,  it  is  stated  that  the  root  of  the  titth  was  divided  in  tlie 
cranial  cavity  in  pigeons ;  but  this  was  with  reference  chiefly  to  the  movements  of  the 
iris^  althtiugh  Mayo  notes  that  after  division  of  tho  nerve  *'  the  surface  of  the  eyeball  ap- 
pears to  have  lost  its  feeling," 

In  1823,  Fod^ra  published  an  account  of  experiments  in  which  he  had  divided  the 
roots  of  the  fifth  in  living  animals  (rabbits)  by  introducing  a  small  knife  tbrongb  an 
ojiening  in  the  parietal  bonc^  along  the  ba?*e  of  the  skull,  and  cutting  through  the  roota 
near  the  (Jasserian  ganglion.  The  operation  was  followed  by  complete  low  of  f»<»n*ibtl- 
ity  upon  the  side  on  which  the  nerve  had  been  divided.     In  this  and  other  <  '[% 

however,  the  animals  died  a  short  time  nfter  tho  operation.    The  paper  in   '  use 

experiments  were  detailed  was  presented  to  the  Academy  of  Sciences,  December  31, 1882, 
and  was  pubrmhed  at  about  the  same  time  as  tho  experimenta  of  Mayo. 

In  1624,  Magendie  published  an  account  of  his  experiments  upon  the  fifth  pair.  He 
divided  the  nerve  at  its  root,  by  introducing  a  small  stylet  through  the  skull,  and  noted 
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immediftte  loss  of  sensibUtty  upon  the  oorr^spoiidJDjr  side  of  the  face.  Hagendte  was  the 
first  to  succeed  in  keeping  the  animalft  alive,  observing  certwn  interesting  remote  effects 
following  division  of  tlte  nerve. 

The  operative  procedure  employed  by  Magendie  has  been  followed,  with  great  »nc- 
by  other  physiologists,  partiimlarly  Hernard,  to  whose  researches  we  iiro  indebted 

many  additional  faints  of  intere?tt  conecmiDg  the  functions  of  tho  fifth  nerve.  As 
this  is  an  opieration  which  we  have  frequently  performed  with  success,  following  the 
minute  directions  laid  down  by  Bernard,  we  shall  ijuote  from  him  in  brief  the  different 
frteps: 

*rhe  nerve  may  be  divided  in  the  cranial  cavity  with  tolerable  certainty  in  rabbits, 
c4ktB,  dogs,  and  Gtiinea-pigsif  but  it  is  most  easily  done  in  rabbits.  The  operation  is  diffi- 
cult from  the  fact  that  one  is  working  in  ihe  dark^  and  it  rei^uires  a 
certain  amount  of  dexterity,  to  be  acquired  only  by  practice.  The 
instrument  nsed  is  represented  in  Fig.  216.  The  operative  procedure 
is  as  follows: 

1.  **The  head  of  the  rabbit  is  firndy  held  in  the  left  hand.  The 
operator  feels  with  the  finger  of  the  right  hand  the  tubercle  situated  in 
front  of  the  ear,  formed  by  the  condyle  of  the  lower  jaw.  Behind  this 
taborde,  is  a  hard,  osseous  portion,  the  origin  of  the  auditory  canal* 

2.  "  The  operator  penetrates  just  behind  the  superior  border  of  tho 
condyle,  directing  the  point  of  the  instrument  slightly  forwai'd  to  avoid 
paadng  into  the  substance  of  the  petrous  portion  of  the  temporal  bone, 
and  thu«»  passes  more  easily  into  Uio  middle  tenipornl  fon^a  ;  at  the  same 
time  the  iniitraxnent  is  directed  a  little  upward  to  avoid  slipping  into  the 
zygomatic  fossa  and  thus  failing  to  enter  the  cranicil  cavity. 

3.  ''*'  As  soon  as  the  instrument  has  penetrated  the  cranium,  which 
is  recognized  by  the  point  becoming  free,  the  pressure  is  arrested  and 
the  instrument  is  directt*d  downward  and  backward,  its  back  sliding 
along  the  anterior  face  of  the  bone,  which  should  serve  as  a  guide  in  the 
operation. 

4.  **  This  point  of  departure — that  is  to  say,  the  anterior  face  of  tlio 
bone — being  founds  the  instrtiment  is  pushed  along,  following  its  inferior 
border  and  proceeding  gradually,  as  the  instrument  penetrates^  pressing 
on  the  bone,  the  resistance  of  which  can  be  eas^ily  recognized.  Soon, 
however,  the  operator  feels,  at  a  certain  depth,  that  the  bony  resistance 
oeaaee :  he  la  then  on  the  fifth  pair,  and  the  cries  of  the  animal  give 
evidence  that  the  nerve  is  pressed  upon. 

5.  *'  It  is  at  this  moment  that  it  is  necessary  to  hold  firmly  the  instru- 
inofit  and  the  head  of  thu  animal ;  then  the  cutting  edge  is  turned  so  as 
to  be  directed  downward  ami  backward,  at  the  same  time  pressing  in 
this  direction  so  as  to  divide  the  nerve  on  the  extremity  of  the  petrous  pordon^  behind 
the  ganglion  of  Gasser,  if  possible,  or  at  least  on  tlie  ijanglion  itself. 

6.  **  The  instrument  is  then  drawn  back,  pressing  upon  the  bone  so  a3  to  accomplish 
completely  the  section  of  th©  trunk  of  the  fitlth  pair ;  then  it  is  withdrawn  by  passing 
Mvcr  the  same  course  on  the  anterior  face  of  the  petrous  portion  so  as  not  to  lacerate  the 
cerebral  substance. 

-*  The  accident  to  be  feared  in  the  operation  is  section  of  the  carotid  when  the  instrn- 
roent  baa  penetrated  too  far,  or  lesion  of  the  cavernous  sinns  when  it  is  j^ressed  too  far 
forward/* 

When  this  operation  has  been  performed  without  aceideot,  its  immediate  effects  ar© 
▼ery  striking.  The  cornea  and  the  integument  and  mucous  membrane  upon  that  side  of 
Iht  head  are  instantaneously  deprived  of  sensibility  and  may  be  pricked,  lacerated,  or 
biit&etl,  iritljout  the  alightest  evidence  of  pain  on  the  part  of  the  animal.     Almost  always 


ment     for-     di- 


Immediate  EffttU  of  Dimnon  of  the  Tr{farial, — It  is  Ijardly  nocossarx  to  disc^j 
fanctiong  of  the  trifacial,  after  the  j^tateniont  of  the  cflVete  whicli  instantly  follow 
its  division^  taken  in  connection  with  it^j  phjaiologieal  anatomr.     The  nerve  ha*  m 
l>een  exposed  in  the  cranial  cavitj  in  liinng  animals;  but  its  branches  upon  the  faoo 
the  liogtml  branch  of  the  inferior  maxillary  division  have  been  operate  npc         *  ^ 
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to  be  exquisitely  sensitive.  Longot  ami  others  linro  exposed  the  roota  in  ttnimala  immo* 
difttely  after  death,  and  have  found  tJiat  galvanization  of  the  large  root  carefully  inau- 
lilted  iircKluces  no  macular  contraction.  All  who  have  divided  thb  root  in  living  aniuuds 
must  have  recognized,  not  only  that  it  is  »enMtiv^<^  hut  that  itdinen&ibility  is  far  more  acute 
tlian  that  of  any  other  nervous  trunk  in  the  budy.  It  is  much  more  satisfactory  to  divide 
the  nerve  withont  ethenxing  the  ^mhnul,  a**  the  evidence  uf  [udn  is  an  important  guide  in 
Itiis  delicate  operation ;  but,  in  using  ana34>thetics,  we  iinve  never  been  able  to  bring  an 
animal  under  their  iatluenco  so  completely  as  to  abolish  the  sensibility  of  the  root  itself- 
for  exaniple,  in  cats  that  appear  to  be  thoroughly  etherized,  as  i*oon  as  the  instrument 
touches  the  nerve,  there  is  more  or  less  struggling*  llie  large  root  of  the  JiiUi,  then^  is 
tin  exclusively  sensory  nerve,  and  its  sensibility  is  more  acute  than  tlmt  of  ony  other  of 
the  ccrebro-spinal  nerves. 

As  far  as  audition  and  olfaction  are  coDcemed^  there  nre  no  special  effects  iminedi^ 
Btoly  foliowiug  section  of  the  tntaci^l ;  but  there  are  interesting  phenomena  observed  in 
mection  with  the  eye  and  the  organs  of  taste. 
At  the  instant  of  division  of  the  fitYh^  by  the  method  just  descnbeJ,  the  eyeball  is  pro- 
truded and  the  pupil  becomes  strongly  <umtracted.     This  occurs  in  rabbits^  and  tlie  con- 
traction of  the  pupil  was  observed  in  thu  tiri.t  ojjerations  of  Magendie.     The  pupil,  how- 
ever, is  usually  restored  to  the  nonnal  condition  m  a  few  hours.     Longet  states  that  the 
pupil  is  dilated  by  division  of  the  fifth  in  dog^  and  rats.     After  division  of  the  nerve,  tlie 
Jichrymal  secretion  becomes  very  much  less  in  quantity  ;  btit  this  is  not  llie  cause  of  the 
sb^^pient  intlammation,  for  the  eyes  are  not  inllanied^as  was  *showTj  by  Magendie,  even 
er  extirpation  of  both  lachrymal  glanils.     The   uiovoments  of  the  eyeball  are  not 
R;ct<?d  by  division  of  the  tjftb. 
Another  of  the  immediate  effects  of  comiileie  division  of  the  filth  nerve  is  loss  of  genorul 
*ensibllity  tn  tiie  tongue.     Most  experiments  upon  the  inlhience  o(  this  nerve  over  the  gen- 
eral eenaihility  and  the  sense  of  taste  in  the  tongue  have  been  made  by  dividing  the  iin- 
ifunJ  branch  of  the  inferior  maxillary  division.     When  this  branch  is  irritated,  there  are 
evidences  of  intense  pain.     When  it  is  divided^  the  general  sen&ibility  and  the  sense  of 
ire  destroyed  in  the  anterior  tfiird  or  half  of  the  t<>ngue.     It  will  t>e  rcmembopcd, 
cr,  that  the  chorda  tvmpuni  joins  the  lingua!  branch  of  the  tiftb  as  it  pas*^es  be- 
I  the  pterygoid  muscles^  and  that  section  of  this  bninch  of  the  facial  abolishca  the 
'>f  taste  in  the  anterior  third  or  half  of  the  tongue.     If  the  gustatory  properties  of 
the  lin^ial  Itronch  of  the  tifth  ]>e  derived  fi'orn   the  chorda  tyrnpani,  lesions  of  the  fifth 
not  involving  this  nerve  would  be  followed  by  loss  of  general  sensibility,  l>nt  tlie  taste 
would  bo  unatfectcd.     This  has  l>eon  »hown  to  be  the  fact,  by  ca^^sof  paridy.HiH  of  general 
wnsibility  of  the  tongue  without  lo!*s  of  taste  in  the  human  subject,  which  will  be  db- 
cTwsed  more  fully  in  connection  with  gustation. 

Among  the  immcdmie  effects  of  section  of  tlie  fifrb,  is  an  interference  with  the  reflex 
[•henomena  of  deglutition.  In  some  recent  researches  U[>on  the  action  of  the  sengitivc 
nerves  in  deglutition,  by  Waller  and  Prevost,  it  was  funnd  ihat,  after  secticm  of  the  fifth 
'if«'t'  both  sides,  it  was  impos.sil>lc  to  excite  movements  of  deglutition  by  Btimulating  the 
1^  membrane  of  the  velum  palati  After  section  of  the  superior  laryngeal  branrhcn 
>M  ill..'  pneumogastrics,  no  movements  of  deglutition  followed  stimulation  of  the  mucou'* 
in«mbpane  of  the  top  of  the  larjnx.  In  these  expcrinientiii,  when  the  fifth  was  divided 
ide,  stimulation  of  the  xeluni  nptpn  the  corresponding  side  had  no  etlect,  while 
^  of  dc^glutition  were  ]>roduced  Ity  irritating  the  velum  upon  the  sound  side. 
Ihv^  cxperinicnts  show  that  the  fifth  nerve  is  important  in  the  reflex  phenomena  of 
lisgUitition,  as  a  sensory  nerve,  conveying  the  impression  frotu  the  velum  palati  to  the 
n<*rve'<jentr^8.  This  action  proltably  takes  placo  tlirough  filaments  which  pass  from  the 
ftfth  to  the  mucous  membrane  throujih  MeckeFs  ganglion. 

JigTMft^  EfffcU  of  IHrmon  qf  the  Trifacial. — After  the  ordinary  operntion  of  divid- 
loj;  die  fifUi  n^rve  in  the  craniul  cavity,  the  immediate  lods  of  sensibility  of  the  integn* 
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raent  and  raocous  membranes  of  the  face  and  Lead  is  usaallj  supplemented  bf  Mrioi 
disturbances  in  the  nutrition  of  the  eye^  the  ear,  aod  the  mncoua  uiembnioes  of  the  noet 
and  mouth.  At  a  period  varying  from  a  few  hours  to  one  vr  two  days  alter  the  opem- 
tioOf  the  eye  upon  the  atiected  side  becomes  the  seat  of  purulent  inflummaUon^  the  cor- 
nea bofomes  opaque  and  ulcerates,  the  humors  are  discharged,  and  the  organ  is  deutrajed. 
Congestion  of  the  paiij'  is  usually  very  prominent  a  few  hours  after  divifc-ion  '4' tlie  nervis 
At  tbo  same  time,  there  U  an  increased  discharge  from  the  mucous  membriines  of  iho 
nose  and  mouth  upon  tbe  atfected  side,  and  ulcers  appear  upon  the  tungue  and  lipsj  h 
is  probable,  ahso,  that  disorders  in  the  nutrition  of  tlie  auditory  apparatus  follow  the  oper- 
ation, although  tliese  are  not  so  prominent.  Animals  atiected  in  this  way  nsnaily  die  in 
from  fitteen  to  twenty  days. 

One  of  the  mobt  interesting  facts,  particularly  in  view  of  the  information  dcnved  fttim 
later  observations,  in  connection  with  the  early  experiments  of  Mugendie^  i^  that  he 
noted  that  **  the  alterations  in  nutritiou  are  nmch  Jess  marked  "  when  the  division  »& 
effected  behind  the  ganglion  of  Gasser,  than  when  it  is  done  in  the  ordinary  way  through 
the  ganglion.  It  is  diilicult  enough  to  divide  the  nerve  completely  witLJn  the  erunium, 
and  ia  almost  impossible  to  make  the  operation  at  will  through  or  behind  the  ganglion ; 
and  the  phenomena  of  inflaramaticn  are  absent  only  in  exceptional  and  accidental  in- 
stances. Magendte  offers  no  satistactory  explanation  of  the  differences  in  the  consecu- 
tive phenomena  coincident  with  the  locality  of  section  of  the  nerve.  Hie  facta,  how- 
eyei\  have  been  abundantly  verified*  In  the  numerous  experiments  that  we  have  made 
upon  the  fifth  pair,  we  bave  gener.nlly  noted  ibe  consecutive  inflammatory  pbenomena  hi 
the  order  above  described;  but,  in  exceptional  instance^*,  these  phenomena  hare  be^n 
wanting.     The  following  experiment  illustrates  these  eiceptlooal  operations: 

February  6,  180S,  the  fitlh  pair  of  nerves  was  divided  upon  tlie  lett  iside  in  a  ftill* 
grown  rabbit  in  the  ordinary  way,  before  tbe  class  at  tbe  Bellcvue  Hospital  Medical  Ct»l- 
lege.  There  followed  instant  and  corapleto  loss  of  sensibility  upon  the  loft  «de  of  the 
face.  Four  days  after,  the  animal  having  been  fed  ad  libitum  with  cabbage,  the  los«  of 
sensibility  was  still  complete.  There  was  very  little  redness  of  the  eoiyunctiva  of  the 
left  eye,  and  a  very  slight  streak  of  opacity,  so  slight  that  it  was  distinguished  with  difli- 
cnlty.  Twelve  day:?  after  tbo  operation,  the  sensibility  of  tbe  left  eye  wa*  distinct  hot 
slight.  Tbere  was  no  redness  of  tbe  conjunctiva,  and  tbe  opacity  of  the  cornea  had  di»- 
appeared.  Tbe  animal  was  in  good  condition,  and  the  lino  of  contact  of  the  upper  with  the 
lower  incisors,  when  tbe  jaws  were  closed,  was  very  oblique.  The  animal  was  kept  aliv<» 
by  careful  feeding  with  bread  and  milk  for  one  humlred  and  seven  days  after  the  opem- 
tion,  there  never  being  any  inilamraotion  of  the  organs  of  special  sense.  It  died  at  ibjil 
time  of  inanition,  having  become  very  much  emaciated.  Tbe  animal  never  recoven^d 
power  over  the  muscles  of  mastication  of  the  left  side,  and  the  incisors  grew  to  a  gr^U. 
length,  interfering  very  much  with  mastication,  which  seemed  to  be  the  cause  of  death. 

Longct,  in  1842,  furnish erl  a  satisfactory  explanation  of  the  absence  of  indiimmalloo 
in  certain  cases  of  division  of  the  fifth.  Ho  attributed  the  consecutive  infiammatiou  in 
most  experiments  to  lesion  of  tbe  ganglion  of  Ga^ser  and  of  the  sympathetic  eonnertiona, 
which  are  very  numerous  at  this  point.  These  sympathetic  filaments  are  avoided  when 
the  section  ia  made  behind  the  ganglion. 

Tbo  explanation  of  tbe  phenomena  of  disordered  nutrition  in  the  organs  of  speold 
sense,  particolarly  the  eye,  following  division  of  the  fiflli,  is  not  afforded  by  the  wfction 
of  this  nerve  alone  ;  for,  as  we  have  seen,  when  tbe  h>ss  of  sensihiliiy  is  complete  alt^r 
division  of  tbe  nerve  behind  the  Gassorian  ganglit>n,  these  results  may  not  follow.  Nor 
are  they  exp]aine<l  by  deliciency  in  the  lachrymal  secretion,  for  they  are  not  observed 
when  both  lachrymal  glands  have  been  extirpated.  Tliey  are  not  due  to  exposure  of  tiic 
eyeball,  for  they  do  not  follow  upon  section  of  the  facial.  Nor  are  they  doe  simply  to  ail 
enfeebled  general  condition,  for,  in  Uie  experiment  we  have  detaileih  the  animal  died  of 
inanition  after  section  of  the  nerve,  without  any  evidences  of  inflammation.     In  view  of 
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tlio  fiict  that  section  of  the  sympftthctic  filaments  is  well  known  to  modiiy  the  DUtrition 
itt\iwr{A  ta  which  ihey  aro  distributed,  [>rodacinj;  congestioD,  increase  In  temperature,  iiud 
other  phenorDcna,  it  is  rational  to  infer  timt  the  inoditioatiuns  in  nutrition  whit-h  follow 
taction  of  the  tifth  aiW  It  receives  filaments  from  the  sympathetic  system,  not  i>c<  urring 
when  these  sympatlietic  filaments  escape  division,  are  to  Imj  attribute*!  to  lesion  of  the 
sympathetie,  tind  not  t'*  the  division  of  the  sens^nry  nerve  itsMjIf 

A  fiirther  explanation  ia  demanded  fi»r  the  inlhnninatory  results  which  follow  diviision 
of  the  aiyiopttthetie  tilunienti*  joining  t!ie  fifth,  iuajfiuach  as  divii^ion  of  the  sympathetic 
alone  in  the  neck  produces  simply  exaggeration  of  the  nutritive  proeesses,  tis  evidenced 
ehietly  by  local  increase  in  the  animal  temperature,  and  not  the  well-known  phoiiomena 
of  infiaminntion. 

Jt  has  been  remarked  by  Bernard,  that  the  **  alteiations  in  nutrition  appear  more 
promptly  in  animals  that  are  enfeebled/'  Section  of  the  ismall  root  of  tije  iitlh,  which 
ia  nnavoidahle  when  the  nerve  in  divided  within  the  cranial  cavity,  generally  interferes  «o 
much  with  mastication  tm  to  intlnenco  seriously  llie  general  nntrition ;  and  this  might 
modify  the  nutritive  processes  in  delicate  organs,  like  the  eye,  so  as  to  induce  those 
elmnges  which  are  called  infiamniatory.  The  following  observation,  communicated  by 
I>r.  W.  H.  Mason,  Professor  of  Physiology  in  the  Medical  Department  of  the  University 
of  Buffalo,  is  very  striking  in  this  connection : 

The  fifth  pair  of  nerves  was  divided  in  a  cnt  in  the  ordinary  way.  By  feeding  the 
ttuimal  carefully  with  milk  and  finely-chopped  meat,  the  nutrition  was  maintained  at  a 
high  standard,  and  no  intlainmation  of  the  eye  occurred  for  about  four  weeks.  The  sui>* 
ply  of  food  was  then  diminished  to  about  the  <|Uantity  it  would  be  able  to  t-ako  without 
any  $|»ecial  care,  when  the  eye  became  infianiedf  and  perforation  of  the  cornea  and 
destruclioQ  of  the  organ  followed.  The  animnl  was  kept  for  about  five  months;  at  the 
«*nd  of  which  lime,  sensation  upon  the  atfected  side^  which  had  been  gradually  improving, 
was  coinidetely  restored. 

The  explanation  we  have  to  offer  of  the  eonseentive  Infiamrnatory  effects  of  section 
of  the  fifth  with  its  communicating  synipat  he  tic  filaments  ia  the  following:  By  dividing 
the  sympathetic,  the  eye  and  the  mucous  meifibranes  of  the  n(»se,  mouth,  and  ear  are 
rendered  hyper«?mie,  the  temperature  is  probably  raised^  and  the  processes  of  nutrition 
are  ©saggerated.  This  condition  of  the  parts  w^ould  seem  t<i  require  a  full  supply  of 
nntntive  material  from  the  blood,  in  order  to  maintain  the  condition  of  exaggerated 
nntrition  ;  but^  when  the  blood  is  impoveri*<hed — probably  an  the  result  of  deficiency  in 
the  introduction  of  nutritive  matter,  from  parnhais  of  the  muscle*  of  ina^tic^Htion  upon 
one  side — the  nntritive  processes  in  these  delicate  parts  are  seriously  modified,  so  as  to 
constitute  inflammation.  The  observation  just  dctjiiled  is  an  argument  in  favor  of  this 
view  ;  for  here  the  iofianimatory  action  seemed  to  be  arreste<l  when  the  action  of  the 
alyxc^l  muscles  was  supplied  by  careful  feeding.  With  this  view,  the  disorders  of 
•ntfitiou  observed  after  division  of  the  fifth  may  properly  be  referred  to  the  sympathetic 
system. 

Pathological  facts  in  confirmation  of  experiments  upon  the  fifth  pair  in  the  lower 
animals  are  not  wanting;  but  it  must  be  remembered  that,  in  cashes  of  paralysis  of  the 
nen^in  the  human  subject^  it  is  not  always  possible  to  locate  exactly  the  Beat  of  the 
Moo  and  to  appreciate  fully  its  extent,  as  can  be  done  when  the  nerve  is  divided  by 
ID  operation.  In  studying  these  cases*  it  sometitnes  occurs  that  the  phenomena,  par- 
tictihirly  those  of  modified  nutrition,  are  more  or  less  contradictory. 

In  nearly  all  works  upon  physiology,  we  find  references  to  ca^es  of  paralysis  of 
tlic  fifth  in  the  huoian  subject  In  a  recent  article  by  Dr.  H.  D.  Noyes,  Professor  of 
Ophthalmology  in  the  Bellevne  Hospital  Medical  College,  two  interesting  cases  are  re- 
ported, which  we  had  an  opportunity  of  examining  during  the  progress  of  treatment, 
in  both  of  these  cases  there  was  lufliimmation  of  the  eye.  In  one  case,  the  tongue  was 
«alinfly  insensible  upon  one  side,  but  there  was  no  impairment  of  the  setise  of  taste.    An 
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mtereating  feature  in  one  of  tliG  cases  was  the  fucst  that  an  operation  upon  tb©  cjeM  of 
liie  ulic»cted  sldo  Wiis  performed  wttliout  the  slightest  evidence  of  pain  on  the  part  of  the 
put  lent. 

Ciii+fs  of  p&rtiU^is  of  the  fiftii  in  the  human  subje€t  in  the  main  confirm  the 
results  of  experiments  u(k>d  the  inferior  uiiinials.  In  ull  the  euaes  in  which  the  fifth 
nerve  a.lone  was  involved  in  the  disease,  without  thy  portio  dura  of  the  seventh,  there 
was  simply  loss  of  sensibility  upon  one  aide,  the  movements  of  the  f^ujierficlal  muscles 
of  the  face  being  unafl'ected.  When  the  small  root  was  involved^  the  muscles  of  mnsti- 
cation  upon  one  side  were  paralyzed ;  but^  in  certain  cases  in  which  thk  root  escaiKHl, 
there  was  no  muscular  paralysis,  ThQ  senses  of  sigjht,  hearing,  and  smeU,  except  as  they 
were  affected  hy  consecutive  Lallammation^  Avero  little  if  at  all  disturbed  in  uncompli- 
cated cases.  TIjc  sense  of  taste  in  the  anterior  portion  of  the  tongue  was  perfect, 
except  in  those  causes  in  whiL-h  the  seventh^  the  chorda  tynipani,  or  the  linpnal  brandi 
of  the  fifth  after  it  had  been  jt>ined  hy  the  chorda  tympanic  was  involved  in  the  disease. 
In  some  eases,  there  was  no  alteration  m  the  nutrition  of  the  organs  of  spedal  sense; 
but  in  this  respect  the  facts  with  regard  to  tlie  seat  of  the  lesion  are  not  so  satisfactory 
as  in  expenments  upon  the  lower  animals,  it  being  ditlicult,  in  most  of  them,  to  Jiniit 
the  exact  boundaries  of  the  lesion. 


Pnmmogmtric^  or  Par  Vagum  ^erve,     {Second  Division  of  the  Ei^jhth 

Nerve.) 

f)f  all  the  nerves  emerging  from  the  cranial  cavity^  the  pneumogastric,  the  second 
division  of  the  eiglith  pair^  presents  the  greatest  number  of  anastomoses,  the  most 
remarkable  cour*4e,  and  the  most  varied  and  interesting  functions*  ArUiing  frnm  the 
medulla  oblongata  by  a  purely  sensory  root,  it  communicates  witli  at  least  five  motor 
nerves  in  its  course,  and  it  is  distributed  largely  to  muscular  tissue^  both  of  the  voltintary 
and  the  involuntary  variety.  Finally,  there  is  no  nerve  that  has  been  the  subject  of 
such  extended  and  elaborate  anatomical  and  physiological  investigations,  and  nonr^ 
concerning  tliu  properties  and  exact  functions  of  which  there  has  been  so  nioeli  differ- 
ence of  opinion. 

Wcsliull  have  to  treat  of  the  influence  of  tlie  ijneumogastric  upon  the  net  of  dcginti- 
tiou,  the  heart,  and  circulatory  system,  tlie  respiratory  system,  the  stomach,  the  intestines, 
and  various  glandular  organs.  An  indispensable  intTodnction  to  this  study  is  a  descrip- 
tion of  its  physiological  anatomy. 

Phy»iologieal  Anatomy  of  the  PnntmogaMric  Ntrre. — Tlie  apparent  origin  of  tlic 
pneumogastric  is  from  the  lateral  portion  of  the  medulla  oblongata,  just  behind  the 
olivary  body,  between  the  roots  of  the  glosso-pharyngenl  und  i»f  tlie  s[>)nal  accessory. 
The  deep  origin  is  tuainly  from  what  is  soOK'times  cnlkd  the  nucleus  of  the  pnetnnoga*- 
trie,  in  the  inffrior  portion  of  the  gray  substance  in  the  floor  of  the  fourtli  ventridc. 
The  coopse  of  the  fibres,  traced  from  without  inward,  is  somewhat  intricate. 

Tlie  deep  origins  of  tiie  pneumogastrie  and  gloBso-pharyngeal  nerves  appear  to  be,  in 
the  main.  identiciiL  Tracint;  the  filaments  from  without  inward,  they  may  be  followed 
in  four  ilirecti^ms.  Tlie  anti  rinr  filaments  pass  from  without  inward,  first  very  FUf>erfi* 
cially  and  directed  toward  tlie  olivary  body.  but.  turning  before  they  reach  the  olivnrr 
body,  they  pass  deeply  into  the  substance  of  tlie  restiform  body,  in  which  they  are  lost 
The  posterior  fihiments  are  superficial,  and  they  pass,  with  the  fibres  of  the  res^tifonn 
body,  toward  the  cerebellum.  Of  the  intermediate  filaments,  the  anterior  pass  throogh 
tiie  restiform  body^  the  greatest  number  extending  to  the  median  line  in  the  floor  of  the 
fmirth  ventricle.  A  few  fibres  are  lost  in  the  middle  fasciculi  of  the  medal  V  and  a  feir 
pass  toward  the  brain.  The  posterior  intermediate  filaments  traverse  the  restiform 
body  to  the  floor  of  the  fourth  ventricle,  when  aomo  pass  to  the  median  line,  and  otbers 
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eod  in  the  Bubstanco  of  the  niedtiUa.  It  is  difficult  to  follow  the  fibres  of  origin  of 
tbe  pneumogastrics  beyond  tbe  iDodian  line ;  but  recent  observations  lenvo  no  doubt  ot 
tho  fact  tliiit  many  of  these  fibres  decussate  in  the  floor  of  tljo  I'oiirtb  ventricle^ 

TUcre  are  two  ganglionic  enlargements  belonging  to  tlie  pncurnognstric*  In  tbe 
jiigwlar  foratnen,  is  a  well-marked,  grayish,  ovoid  enlargement  from  one-sixth  to  one- 
foiirtb  of  an  inch  in  length,  called  the  jugnlar  gimglien,  ur  the  gonghon  of  the  root. 
Thia  19  united  by  two  or  three  filaments  with  the  ganglion  of  the  glos^o-pharyngcal. 
It  i»  a  true  gang:lion,  containing  nerve-celU,  After  the  nerve  has  emerged  from  ibe  cra- 
nial cavity^  it  presents  on  its  trunk  another 
grHviiih  eiilMrgement,  from  lialfuu  inch  to  an 
ineb  in  lengthy  culled  the  ganglion  of  the  trunk. 
ThiH  is  of  rather  a  plexiform  structure,  the 
vfhiiii  Bbres  being  mixed  with  graji^ih  fibres 
und  nerve-cells.  The  exit  of  the  nerve  from 
the  cranial  cavity  is  by  the  jugular  foramen,  or 
posterior  foromcn  laeeniiu,  in  company  with 
the  fpinal  accessory,  the  glosso-pharyngeal,  and 
the  internal  jugular  vein. 

Ana^tomoMfs, — ^Tbe  filaments  of  communi- 
cation which  the  pneumogsistric  receives  from 
other  nerves  are  interesting  from  their  great 
importance  and  their  varied  sourct-s.  The 
most  important  of  these  is  the  branch  froto 
the  sjHnal  accessory.  There  are  oceiisional 
tihmients  of  communication  which  pass  from 
the  spinal  accessory  to  tho  ganglion  of  tho  root, 
hat  these  are  not  constant.  After  both  nerves 
liAve  umerged  from  the  cranial  cavity,  an  im- 
portttDt  branch  of  considerable  size  passes 
from  the  spinal  accessory  to  the  pneumoga-s- 
Iric,  with  which  it  becomes  closely  united. 
-Experiments  have  shown  that  these  filaments 
from  the  spinal  accessory  jjasii  in  great  part  to 
the  larynx  by  the  inferior  laryngeal  nerves. 

In  tbe  aquffiductna  Fallopii,  the  facial  nerve 
give®  off  a  filament  of  communication  to  the 
pnenmogastric  at  the  ganglion  of  the  root, 
ThiB  filament,  joined  at  the  ganglion  by  &eri- 
porr  filaments  from  the  jineuniogai*trio  and 
Aiyme  filaments  from  the  glosso-pharyngeal,  is 
called  the  auricular  branch  of  Arnold,  By 
liom©  anatomists  it  ia  regarded  as  a  branch 
from  the  facial,  and  by  others  it  is  describeil  with  the  pnenmogaetric. 

Two  or  three  small  filaments  of  communication  pass  from  tlie  aoblingual  to  the  gan- 
glion (if  tbe  trunk  of  the  pnenmogastric. 

At  the  gangbon  of  tbe  trunk,  the  pnenmogastric  generally  receives  filaments  of  com- 
rntmication  from  the  arcade  formed  by  tho  anterior  branches  of  the  first  two  cervical 
tterves.     These,  however,  are  not  constant. 

The  pnenmogastric  is  connected  with  tho  syropnthetic  system  by  numerous  delicate 
filaments  of  communication  received  from  the  superior  cerviod  ganglion,  passing  in  part 
opward  toward  tbe  ganglion  of  the  root  of  the  pneumogustric.  and  in  part  transversely 
and  downward.  These  filament^i  are  IreqUfntly  short,  und  ttiev  bind,  as  it  were,  the 
«nrmpiithetic  ganglion  to  the  trunk  of  the  nerve.     The  main  trunk  of  the  pnenmogastrio 
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The  auricttljir  nerves  are  sometimes  doacribed  iq  connoction  with  tlio  facial.  Tht^y 
are  givea  off  from  the  ganghon  of  the  trunk  of  the  poeumogttBtric,  and  are  composed  ef 
filaments  uf  cotnmimication  from  tbo  fuctaJ  and  from  the  gloaso-pharyngealf  as  well  as 
of  filaments  from  the  pueumogastric  itself.  The  nerves  tlius  constituted  are  diistributed  to 
the  integument  of  the  upper  portion  of  the  externtd  auditory  meatns,  and  a  small  filament 
U  sent  to  the  membraua  tympaid. 

The  pharyngeal  nerves  are  very  remarkable  in  their  course.  They  are  given  off  from 
the  superior  portion  of  the  ganghon  of  the  trunk  and  contain  a  large  number  of  the  hla- 
ments  of  oomraanieation  which  the  piieumogastric  receives  from  the  spinal  accessory. 
In  their  course  by  the  sides  of  the  superior  constrictor  muscles  of  the  pharynx,  theae 
nerves  anastomose  with  numerous  tilamcnts  from  the  glosso-pliaryngeal  and  the  supenor 
cervical  gangUon  of  the  sympathetic,  to  form  what  is  known  as  the  phunngeal  plexus. 
The  ultimate  filaments  of  distribution  pass  to  tlie  muscles  and  the  mucous  membrane  of 
the  pharynx.  Physiological  experhuents  have  shown  Uiat  the  motor  intluence  transmitted 
te  the  pharyngeal  muscles  through  the  pharyngeal  liranches  of  the  pueumogastric  is 
derived  from  the  spinal  accessory. 

The  superior  laryngeal  ner^'es  are  given  of!*  from  the  lower  part  of  the  ganglion  of  the 
irnnk.  Their  filaments  come  from  the  side  opposite  to  the  point  of  junction  of  the  pnen- 
mogastrio  with  the  communicating  branch  from  the  spinal  accessory^  8<i  that  probably 
the  superior  laryngeals  contain  few  if  any  motor  fibres  from  this  nerve.  The  superior 
laryngeal  gives  off  the  external  larjTigoal,  a  long^  delicate  branchy  which  sends  a  few  fila- 
ments to  the  inferior  constrictor  of  the  pharynx  and  is  distriboted  to  the  crico-thyroid 
muscle  and  the  mucous  membrane  of  the  ventricle  of  the  larynx.  The  external  laryngeal 
itnastomoses  with  the  inferior  laryngeal  and  with  the  t*ympathetic.  The  internal  branch 
is  distribated  to  the  mucoas  membrane  of  the  epiglottis,  the  base  of  the  tongue,  the  aryt- 
eno-epiglottidean  fold,  and  ttie  mucous  membrane  of  the  larynx  as  far  down  as  the  true 
rf»cal  cords,  A  branch  from  this  nerve,  in  its  course  to  the  larynx,  penetrates  the  aryte- 
auid  muscle,  to  which  it  sends  a  few  filaments,  but  these  are  all  sensory.  This  branch 
also  supplies  the  crico-tbyroid  mnscle.  It  anastomoses  with  the  inferior  hiryngeal  nerve» 
An  important  branch,  described  by  Cyon  and  Ludwig,  in  the  rablnt,  tuubr  the  name  of 
the  deprossor-nerve,  arises  by  two  roots,  one  from  the  superior  hiryngeal  imd  the  other 
from  the  trunk  of  the  pneumogastrie,  parses  down  the  neck  by  tlie  side  of  the  sympa- 
thetic, and,  in  the  chest,  joins  filaments  from  the  ihoracic  sympathetic,  to  penetrate  the 

rt  between  the  aorta  and  the  pidmonary  artery.  This  nerve  will  be  referred  to  more 
•particularly  in  connection  with  the  intluence  of  the  pneumogastrics  upon  tlie  circulation. 

It  is  important,  from  a  physiological  point  of  view,  to  n<jte  that  the  snperior  laryngeal 
atrrve  is  the  nerve  of  sensibility  i>f  the  uppei:  part  of  the  larynx,  as  well  as  <»f  the'supra- 
kryngeal  mucous  membrane!^,  and  that  it  anim.ites  a  single  musi-le  of  the  larynx  (the 
<neo-lhyroid)  and  the  inferior  ronHtrietor  of  the  pharynx. 

The  inferior,  or  recurrent  laryngeal  nerves  present  some  slight  differences  in  their 
anatomy  upon  the  two  sides.  Upon  tlie  left  side,  the  nerve  is  the  larger  and  is  given  oflf 
at  tlie  arch  of  the  aorta.  Passing  beneath  this  vessel,  it  ascends  in  the  groove  between 
the  trachea  and  the  oesophagus.     In  its  upward  course,  it  gives  off  certain  filaments 

lirh  join  tlje  cardiac  branches,  fiLiment.'^  to  the  muscular  tissue  and  mucous  membrane 

the  uppur  part  of  the  (esophagus,  fihaments  to  the  mucous  membrane  and  the  inter- 
cartdagioous  muscular  tissue  of  the  trachea,  one  or  two  filaments  to  the  inferior  con- 
dtHctor  of  the  pharynx.^  and  a  branch  which  joins  the  superior  laryngoah  It^  terminal 
brandies  penetrate  the  larynx,  behind  the  posterior  artieiUatioo  of  the  thyroid  witli  the 
cricoid  cartilage,  and  are  distributed  to  nil  of  the  intrinsic  muscles  of  the  larynx,  except 
the  crico- thyroids,  winch  are  sui)plied  by  the  superior  larjTigeal.  Upon  the  right  side, 
the  n^Tve  winds  from  before  backwanl  around  the  subchivian  artery,  and  it  has  essen- 
tltlly  tlie  same  courMC  and  distribution  as  upon  the  left  side,  except  that  it  is  smaller  and 
its  filaments  of  distribution  are  not  so  numerous. 
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The  important  phjrsiologiciil  point  .connected  with  the  anatoroj  of  the  recurrent  lory  n- 
goals  is  that  they  animate  «11  of  tlio  ititdiisic  niuscloft  of  the  laryox,  except  the  orit'O-rhv- 
roid.  Experiments  have  shown  that  those  nerves  contuiu  numerous  tikmetits  from  tho 
spinal  accessory. 

The  cervical  cardiac  branches,  two  or  three  in  number,  arise  from  the  pneaniogafttric* 
at  ditiereut  points  in  the  cervical  portion  and  pass  to  the  cardiac  plexus,  which  is  formed 
in  great  part  of  filumenti  from  the  sy  in  pathetic.  The  thoracic  eardieic  branches  are 
given  off  trora  the  pneumogastric^  below  the  orifjin  of  the  inferior  laryngeal!*  and  join 
the  cardiac  plexus. 

The  anterior  pulmonary  branches  are  few  and  delicate  as  compared  with  the  posterior 
branches.  They  are  given  oti'  below  the  origin  of  the  thoracic  cardiac  branehc!!,  send  n 
few  tilaments  to  tlie  trachea,  and  tlien  furm  a  ple?&us  which  surrounds  the  bronchial  tul>c&  I 
and  follows  the  bronchial  tree  to  its  terminations  in  the  air-cells.  The  posterior  pnhiionary 
braachcfi  are  larger  and  more  numerous  than  the  anterior.  They  communicate  fi-oely  j 
with  sympjtthetic  filaments  from  the  upper  three  or  tour  thoracic  ganglia  and  tlivn  form 
the  great  poaterior  puhuomiry  plexus.  From  this  plexus,  a  few  tilaments  go  to  the  intV 
rior  and  posterior  portion  of  the  trac^hea,  a  few  puss  to  the  muscular  tissue  and  mucous 
membrane  of  tho  middle  portion  of  the«  tesupliagus,  and  a  few  are  i&ent  to  the  post4*rior 
aud  superior  portion  of  tiie  pericardium.  The  plexus  then  surrounds  the  bmnchial  tre© 
and  passes  with  its  ramifications  to  the  pulmonary  tissue,  like  the  corresponding  fila- 
ments of  tho  anterior  branches.  The  pulmonary  branches  are  distributed  to  the  muc<>tid 
membrane,  aud  not  to  Ujo  walls  of  the  blood-vessels. 

The  rt>soplin{real  bniUL-lieB  take  their  origin  from  the  pneumogastrics  above  and  below 
the  puhuouary  branuhes.  These  branches  from  the  two  sides  join  to  furm  the  cesopha- 
geal  [deacus,  their  tilaments  of  distrlhution  going  to  the  muscular  tissue  and  the  innootia 
membrane  of  the  lower  third  of  the  CEsopbagus. 

The  abdominal  branches  are  quite  diflertnt  in  their  distribution  upon  the  two  stdee. 

Upon  the  left  side,  the  nerve,  which  is  situated  anterior  to  the  cardiac  opening  of  the 
stomach,  immediately  after  its  passage  by  the  side  of  the  oesophagus  into  the  abdouien, 
divides  iuto  numerous  branches,  which  are  distributed  to  the  muaeidar  walls  and  the 
mucous  membrane  of  the  stomach.  As  the  branches  ()ass  from  tlie  lesser  curvature,  lliey 
take  a  downward  direction  and  go  to  tlie  liver,  and,  with  another  branch  running  between 
the  folds  of  the  gastro- hepatic  omentum,  they  follow  the  course  of  the  portal  vein  in  the 
hepatic  substance.  The  branches  of  this  nerve  anastomose  with  tlie  nerve  of  the  rigbl 
side  and  witli  the  eym pathetic.  j 

The  right  pneumogastric,  situated  posteriorly,  at  the  oesophageal  opening  of  thedia-  | 
phragm,  sends  a  few  filaments  to  the  muscular  coat  and  the  mucous  membrane  of  th# 
stomach,  fm^ises  backward,  and  is  distrihuted  to  the  liver,  spleen,  kidneys,  suprareual 
capsules,  and  finally  to  the  whole  of  the  small  intestiuc.  The  branches  to  tlie  f.mall  int^i- 
tine  are  veiy  important.  These  were  accuratuly  described  in  ISCO,  by  Kollmann,  in  an 
elaborate  and  beautifully-ilhistrat<?d  j>rize*ossay.  In  the  plate  showing  tlie  distribution 
of  this  nerve,  it  is  seen  that  the  branches  to  the  intestine  are  very  numerous.  Accord- 
ing to  these  researches,  the  branches  descrihed  beloug  to  the  pneumogostric  itself  an<l 
are  not  derived  from  the  sympathetic.  When  we  come  to  treot  of  the  action  of  the  pneu- 
mogastric  upon  the  small  intestine,  it  will  be  seen  that  the  anatomical  researches  by  Koll- 
mann have  been  fully  confirmed  by  physiological  experiments.  Before  the  nerve*  pa» 
to  the  intestines,  there  is  a  free  anas^tomosis  and  interchange  of  filaments  between  tbe 
right  and  the  left  pneumogaatric. 


Properties  and  Fanctioiu  of  the  Pnenmogastrie  ^^ertu 

There  i^  no  nerve  in  the  body  that  has  been  the  sulyeet  of  so  many  experiments, 
concerning  which  so  mu*.'h  has  been  written,  as  the  pneumogaatric.     It^  acce^ible  po«i- 
ttun  in  many  parta  of  its  course,  its  extensive  connections  with  the  digestive,  tlio  respim- 
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tory,  and  the  circulatory  sTsteta,  and  the  evident  import4Since  of  its  relations,  have  ren- 
dered tbe  literature  connet^ted  with  lis  physiology  somewhat  redundant.  We  do  not 
propose  to  disciins  in  full  all  of  the  views  entertained  from  time  to  time  with  regard  to 
it«  function:',  but  shall  state  merely  what  seem  to  he  well-ascertained  facts,  and  the  most 
reasonable  inferences,  where  the  facts  are  difficult  uf  demonstration.  In  treating  of  the 
foncUons  of  this  nerve,  we  lihall  he  compelled  to  make  constant  reference  to  its  anatomy ^ 
und  for  that  reason  we  have  demribed  pretty  fully  in  det4il  most  of  the  important  points 
io  its  conoeetiona  and  di^trihutiom 

Although  the  extenisive  distribution  of  the  pneumogastrics  and  their  impoii^nce  will 
necessitate  a  long  disenssion  of  their  physiology^  we  shall  endeavor  to  separate  the  point  J 
to  bo  considered  disttlnctly,  and  to  simplify  the  subject  as  much  as  possible. 

We  shall  first  treat  of  the  general  properties  of  those  lilaments  derived  from  the  true 
roots  of  tiiG  nerves,  and,  following  them  in  their  eoursM.%  i^hall  note  the  properties  derived 
from  their  connections  with  other  nerves. 

We  shall  then  treat  of  the  properties  of  the  different  branches  of  the  nerves,  under 
(hstinct  head*i,  taking  up  these  brfmches  as  they  are  given  off,  irom  above  downward.  In 
tin*,  we  shall  consider  first  ihe  properties  and  functions  of  the  auricular  branches;  next, 
the  pharyngeal  branches,  with  their  infinenoe  upon  the  action  of  the  pharynx  in  deglu- 
tition; next,  the  superior  and  inferior  laryngeal  branches,  with  their  relations  to  the 
physiology  of  the  larynx ;  next,  the  cardiac  branches,  with  their  influence  on  the  move- 
ments of  the  heart  and  the  circulation  ;  nexU  tlie  pulmon.iry  branches,  witb  tliu  function 
of  the  nerves  in  connection  with  respiration;  next,  the  a^<»phageal  bruucbes,  in  c<mnec- 
ton  with  tho  influence  of  the  nerves  upon  the  action  of  the  <eyophftgus,  in  deglutition  ; 
and  tinally,  tlie  abdomiuul  brandies,  with  tbe  influence  of  tho  nerves  upon  digestion  and 
tht?  functions  of  the  abdominal  viscera.  By  dividing  up,  in  tltii*  way,  the  action  of  the 
pneumogastricft,  it  is  hoped  that  their  physiology  may  be  relieved  of  much  of  tho  com- 
plexity in  which  it  is  apparently  involved* 


G^ntral  Properties  of  the  Hoots  of  Ori^fin  of  the  Pneumofiattrict. — All  who  have  oper- 
ated upon  tlie  [meumogastrics  in  tho  cervical  region  in  living  animah  have  noted  their 
exceedingly  dull  sensibility  as  compared  witli  tho  ordinary  sensory  nerves.  Bernard, 
indeed,  wtate:*  that  in  this  region  I  hey  are  generally  insennble ;  but  we  have  usually  found, 
io  dogs  at  lea^^t,  that  their  division  is  attended  with  slight  evidences  of  pain.  Without 
citing  111  detail  all  the  experiments  upon  this  point,  it  is  sufficient  to  state  thai  some 
physiologists,  on  galvanizing  or  otherwise  irritating  the  roots  of  the  nerves  in  animals  just 
killed,  have  noted  movemtnts  of  tlie  muscles  of  deglutition,  of  the  a^yophagyy,  and  of  the 
mttscnlar  coats  of  the  stomach,  Tljese  exfterinients  have  leil  to  tlie  opinion  tlmt  tho 
proper  root«  of  the  nerves  are  motor  as  well  as  sensory.  It  becomes,  tlierefore,  a  ditlicult 
Qi  well  as  an  important  point  to  determine  whether  or  not  the  roots  be  of  themselves 
exclusively  sensory  or  mixed.  In  discussing  the  properties  of  the  roots,  we  shall  rely 
almc>st  entirely  upon  direct  experiments:  fdthouffh  the  arguments  drawn  from  their 
anatomical  characters,  in  the  presence  of  ganglia  and  the  deep  origin  of  Ibeir  fihre45, 
point  strongly  to  their  sensory  character.  It  is  impossible  to  stimulate  the  roots,  before 
«ST  have  recdved  motor  filaments  from  other  nerves,  in  living  animals,  and  tlie  experi- 
int«  are  therefore  made  upon  finimnls  juwt  kilted,  before  the  nervous  irritnbility  has  dis- 
cd.  If  tlie  true  ro<jts  of  the  nerves  be  exclusively  sensory,  their  galvanization  in 
s  just  kilh^d  «honhl  produce,  by  direct  action,  no  muscular  contraction.  If  the 
T^oot«  eontain  any  motor  filaments,  contraction  of  museles  ghoold  follow  their  stimula- 
lion.     The  proper  physiological  conditions  in  such  experiments  are  the  following: 

I.  It  is  necessary  to  stimulate  the  roots  so  that  the  filaments  from  the  spinal  accessory 
and  from  other  motor  nerves  are  not  involved. 

St.  It  IS  important  to  ascertain,  provided  movements  follow  such  irritation,  whether  or 
not  they  be  due  to  reflex  action. 
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The  first  of  these  coDditioBs  is  easily  fulfilled.  All  that  is  necessary  \»  to  Btimt 
the  roots  before  the  nerves  have  received  any  anastomosing  filaments.  To  avoid  ci>ntfa4i-^ 
tioDd  of  muscles  due  to  retiex  action,  it  is  best  to  divide  the  roots  and  tu  t»lin>alale  their 
distal  portion.  If  it  be  troe  that  etiraulation  of  the  distal  extremities  of  the  roots — th« 
irritation  so  applied  as  not  to  involve  communicating  filaments  intm  motor  nerves,  and 
not  to  bo  conveyed  to  the  centres,  producing  reflex  movements  through  other  ner\t?»-^ 
d(K*s  not  produce  any  movements^  it  ii*  fair  to  assume  that  the  true  filaments  of  origin  an 
exclusively  sensory.  The  facts  upon  this  point  demand  careful  and  critical  study;  and  tl 
will  bo  proffer  to  discard  the  earlier  experimenta,  made  before  the  mechanism  of  refiex 
at^lion  hud  been  satisfactorily  established. 

If  the  experiments  of  Lunget  he  accepted  wiihont  reserve^  they  prove^as  conclusivei 
as  is  possible  without  exposing  ihe  root^  in  living  animals,  an  operation  which  is  iniprao-l 
ticable — that  the  true  filaments  of  origin  of  tlie  pneumogastrics  are  exclusively  sensory, 
or,  at  leastf  that  the  nerve  contains  no  motor  filaments  except  those  derived  from  Olhei 
nerves.     The  following  quotation  gives  the  essential  points  in  these  exjieriment^ : 

^^In  dogs  of  large  si^e  and  in  horses,  I  have  ii^olated  in  the  cranium,  with  the  most 
minute  care,  the  pneumogastrie  of  the  medulla  oblongata  and  the  superior  filaments  of 
the  spinal  acoessory  {internal  branch),  in  order  to  avoid  all  rrfirx  m&vrtnent  and  any 
derivative  current  upon  the  last-named  nerve;  1  then  immediately  caused  the  eurrtrnt  t 
act  exclusively  upon  the  filamt^^nts  of  origin  of  the  pneumogastriCf  without  having  ever' 
seen  the  slightest  contraction  supervene^  either  in  the  muscles  of  the  larynx  or  pharynx, 
or  in  the  muscular  tunic  of  the  a'^ophagus,  or  elsewhere. 

*'  But  also  I  have  never  failed  to  demonstrate  to  all  those  who  witnessed  my  experi^ 
ment^  how  it  is  easy  to  obtain  opposite  results  in  neglecting  only  one  precaution;  jl 
guflices.  for  example,  to  slightly  moisten  the  slip  of  glass  or  oiled  silk  which  serves  La 
isolate  the  two  nerves,  in  order  tbat  the  current  should  act  immediately  upon  the  superior 
filaments  of  the  spinal  accessory,  from  which  we  have  marked  contracttoDS  in  the  ofgios 
just  mentioned." 

These  experiments  seem  entirely  conclusive.  In  treating  of  the  reflex  phenomena  of 
deglutition  and  their  relations  to  the  superior  branches  of  the  pneumogastric,  the  pharya* 
goal,  and  the  superior  laryngeal,  it  will  be  s(!cn  that  irritation,  either  of  these  nerves  or 
of  the  mucous  membranes  to  which  they  are  clistributed,  will  prcHluce  contractions  in  the 
muscles.  All  who  are  practically  fniiiiliar  with  the  application  of  electricity  to  tlie  nervci 
know  how  difficult  it  is  to  insulate  the  nervous  trunks  so  as  to  avoid  the  influence  of 
'^derived"  currents.  In  carefully  studying  the  experiments  of  Longet,  it  seems  that  all 
the  physiological  conditions  were  fulfilled  ;  and  that^  when  the  nerve  is  divided  at  iW 
root  and  the  stinndation  is  applitii  to  the  peripheral  end,  so  as  to  cut  oflT  nil  rcfiex  acticii 
from  the  nervous  centres,  and  when  sutficient  care  is  exercised  to  prevent  the  propagation 
of  the  current  to  the  motor  connections  of  the  ]>neumog8stric,  the  nerve,  from  its  origlft 
at  the  medulla  oldongata  to  the  ganglion  of  the  root,  contains  no  motor  filament*  and  \» 
exclusively  sensory.  We  shall  therefore  iiilopt,  without  reserve,  the  conclusions  of  Longet, 
that  the  true  filaments  of  origin  of  the  pneumogastrics  are  exclusively  Bcnsory,  or,  at  Ica^t, 
that  thoy  have  no  motor  properties. 

Pr&pertm  and  FnnetioM  of  ihe  Avrieular  NertM, — There  is  very  little  to  lie  M^d 
with  regard  to  the  auricular  nerves,  after  the  description  we  have  given  of  their  anatomy* 
They  are  sometimes  ileseril>ed  with  the  facial  and  sometimes  with  the  pneuujogastric* 
They  contain  tilaments  fn>m  the  facial,  the  pneumngastric.  and  the  glosso-pharrnu^ah 
The  sensory  filaments  of  these  nerves  give  sensibility  to  the  upper  part  of  the  extcraaj 
auditory  meatus  and  the  membrana  tympani. 


I 


Properties  and  Funetiom  of  ihe  Ph^ryn^^ftal  kernes. — The  jdjaryngeal  Uraiicheft  of 
the  pnenmogastric  are  mixed  nerves,  their  motor  filaments  being  derived  from  th^  spina] 


PXEUMOGASTEIO,   OR  PAR   VAGOM  KERVE. 


651 


rr.  Their  direct  action  upon  the  muscles  of  dejflutition  helonga  to  the  physiolo^- 
oal  history  of  tho  last-onmed  nerve.  We  have  alreadj  stated,  in  treating  of  the  spmal 
accessory,  that  tlit>  filameQt.9  of  coinmuai cation  that  go  to  the  pharyngeal  branclied  of  the 
[>Deu!H(>gasrric  are  distributod  to  the  pliiiryngeid  rausclcB. 

It  b  impoasibJo  to  divide  all  of  the  pharyngt?al  tilatnents  la  living  animals  and  observo 
directly  how  far  tiie  general  sensibility  of  the  pharynx  and  the  reflex  ]>beuomeija  of 
deglutition  are  inflnenced  by  this  section.  As  far  as  we  can  jndj^e  from  the  distribution 
of  tbe  filaments  to  the  mucous  membrane,  it  would  seem  that  they  combine  with  the 
pharyngeal  filaments  of  the  tifth^  and  pos^iibly  with  sensory  filaments  from  the  glosso- 
pharyngeal, in  giving  general  sensibility  to  tiiese  parts. 

In  iome  recent  experiments  by  Waller  and  Prevost,  upon  the  reflex  plienomena  of 
deg'lutition,  it  is  shown  that  the  action  of  the  pharyngeal  muscles  cannot  be  excited  by 
stimulation  of  the  mucous  membrane  of  the  sujjra-laryngeal  region  and  tbe  pharynx^  after 
^etlion  of  the  fifth  and  of  the  superior  laryngeal  branch  of  the  pneumogastrio.  This 
would  seem  to  show  that  the  pharyngeal  branches  of  the  pneumogastrics  are  of  Utile  or 
Qe  importance  in  these  reflex  phenomena. 


Pr^prrtie*  and  Fund i 0719  of  the  Superior  Laryngtal  Nerves. — The  distribution  of 
thei^e  nerves  points  to  a  double  function  ;  viz.^  an  action  upon  tho  crico-thyroid  tnusdes, 
and  the  important  office  of  supplying  general  sensibility  to  the  upper  part  of  the  larynx 
and  a  portion  of  the  surronnfUng  mncous  membrane.  The  stimulation  of  these  nerves 
prcxluces  intense  pain  and  contrat-tion  of  the  crico-thyruids ;  but  it  has  lH?en  shown 
by  experiuierit  that  the  arytenoid  muscles  thrutijjh  which  tho  nerves  pass,  receive  no 
motor  filaments.  The  action  of  the  nerve-^  upon  tho  muscles  is  very  simple,  and  resolves 
it*eir  into  the  function  of  the  crico-thyroids,  which  has  been  treated  of  fully  under  the 
hcail  of  phonation.  When  these  muscles  are  paralyzed,  tlie  voice  becotnes  hoarse.  The 
tilaments  to  the  inferior  muscles  of  the  pliarynx  are  few  and  comparatively  unimportant. 
h  is  important  in  this  cotmoction  to  note  that  the  superior  laryngeals  do  not  receive  their 
tuotor  filaments  from  the  sf>inul  accessory. 

The  sensory  filament**  of  the  superior  laryngeals  have  important  functions  connected 
with  the  protection  of  the  nir-passuges  from  the  entrance  of  foreign  matters,  particularly 
in  deglutition,  and  are  farther  concerned,  us  we  sbttll  i^eo,  in  the  reflex  action  of  the  con- 
strictors of  the  pharynx.  In  treating  of  deglutition,  we  have  fully  discussed  the  impor- 
tance of  the  exquisite  sensibility  of  the  top  of  the  larynx  in  the  protection  of  the  air- 
paasagesL  When  both  superior  laryngeals  have  been  divided  in  living  animals,  liquids 
often  pass  into  the  larynx  in  small  quantity,  owing  to  the  absence  of  the  reflex  closure 
of  the  glottis  when  foreign  matters  are  brought  in  contact  with  its  superior  surface,  and 
£ht»  occasional  occurrence  of  inspiration  during  deglutition. 

A§ide  from  tlie  protection  of  the  air-pas?iagcs,  tbe  superior  laryngeal  is  one  of  tbe 
bsory  nerves  through  which  the  reflex  acts  in  deglutition  operate.  There  are  certain 
part*  which  depend  for  their  sensibility  entirely  n[)on  this  nerve;  viz.,  the  mucous  mem- 
bnine  of  the  epiglottis,  the  aryteno-epiglottideau  Add,  and  the  larynx  as  far  down  as 
llie  true  vocal  cords.  When  an  impression  is  made  upon  these  parts,  as  when  tliey 
\  touched  with  a  piece  of  meat,  regular  and  natural  movements  of  deglutition  en»ue. 
^  The  experiments  made  by  galvanizing  tlie  tnmks  of  the  superior  laryngeal  nerves  are 
•wctremely  interesting.  If  the  nerves  be  divided  and  galvanisation  be  afqdled  to  their 
central  ends,  movements  of  deglutition  are  ob*ierve<l,  and  there  is  also  arrest  of  the 
action  of  the  diaphragm.  From  these  experitnents,  it  would  oeem  that  the  impression 
rhich  gives  rise  to  the  movctneuts  of  deghitition  aids  in  protecting  the  air-passagea 
from  the  entrance  of  foreign  matters,  by  temporarily  arresting  the  inspiratory  act. 

An  important  point  for  our  consideration,  in  this  connection,  is  the  action  of  the 

erior  laryngeal  nerves  In  the  ordinary  phenomena  of  deglutition ;  and^  in  experiments* 
I  galvantiimf  a  feeble  current  simulates  most  nearly  the  natural  processes.     In  such 
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experiments  the  results  hare  heen  quite  Batisfactorj.    The  experinji«t}t«  in  which  n  i>ow- 
erful  cxirrent  of  galvanism  has  been  applied  to  the  utrres  als^a  eliow  an  arres.i  of  r«9|»i* 
ration  ;  but  it  is  ar^aed  that  there  is  outbing  t^pecial  in  the  action  uf  tbe  »upi'nor  liy7]]- 
geals  under  these  conditions,  iuasinoch  as  other  sendtive  nervea  hare  been  lunnd  la  aclj 
in  the  sarae  way.     This  is  undoubtedly  tnie;  but  it  is  well  known  tbat,  in  living  antma 
strong  impressions  made  upon  any  of  the  aeutely  senj^itive  nerves  arrest  respiration,  and 
that  this  is  one  of  the  phenomena  comiiionJy  observed  in  animals  struggling  under  painfull 
operations.    In  view  of  these  facts,  it  seems  unnecessary  to  discusi*  more  fully  tlje  numer-j 
ous  experiments  with  regard  to  ihe  etleets  upon  respiration  of  simulation  of  the  superioi 
laryngeuls ;  and  w<;  can  asHunie  that  it  has  heen  demonstrated  that  an  impression  iiiad« 
upon  the  terminal  filaments  of  tiiese  nerves,  sach  as  occurs  in  the  ordinary  process  of  ^ 
deglutition,  excites,  by  redex  action,  contraction  of  the  constrictors  of  the  pharynx^  and^j 
at  the  same  time,  momentarily  suspends  the  movements  of  the  diaphragm. 

Important  experiments  have  been  nrnde  within  tlie  past  few  year«,  upun  the  action  oi 
the  pneumogastrics  on  the  circulation,  iti  which  it  h  eh-Limed  that  nervnu«  tilaments,  aris-| 
ingt  iJi  the  rabbit,  in  part  from  the  trunk  of  the  pneumogastric  and  in  part  from  tb« 
8Uj>erior  laryngeal  branch,  act  us  retiex  dcprcsstJis  of  the  vascular  tension.    These  exi»eri'j 
nienta  will  bo  fully  discussed  in  connection  with  tlio  cardiac  brunches. 

Properties  and  Functions  qf  the  lu/irkr^  or  lit'cumnt  Laryntjtal  Xitru. — Tbi 
anatomical  di^^tribution  of  these  nerves  shows  that  their  most  important  function  is  con* 
nected  with  the  muscles  of  the  larynx.  The  few  tilaments  which  are  given  off  in 
neck  to  join  the  cardiac  branches  are  probablj  not  very  important*  It  is  proper  to  note«^ 
however,  that  the  inferior  laryngeal  nerves  supply  the  muscular  tissue  and  mucous  mem- 
hrane  of  the  upper  part  of  the  cesophagus  and  the  trachea,  and  one  or  two  brftnchfs  are 
sent  to  the  inferior  constrictor  of  the  jdiarynx.  The  function  of  these  filaments  Is  suffi- 
ciently evident. 

The  inferior  laryngeals  contain  chlefiy  motor  iilamenta,  judging  from  their  dtstribo- 
tion  as  well  as  from  the  effects  of  direct  irritation.  All  who  have  esiK^Timented  upoa 
these  nerves  have  noted  httle  or  no  evidence  of  pain  when  they  are  stimulated  or  divided. 

One  of  the  most  important  functions  of  the  recurrents  is  connected  with  tlie  produG* 
tion  of  vocal  sounds.  We  have  alreofly  fully  treated  of  the  mechanism  of  the  voice  and 
the  action  of  the  intrinsic  muscles  of  the  larynx  ;  and,  in  our  account  of  the  physiologj 
of  the  hiternnl,  or  communicating  branch  from  th«  spinal  accessory  to  the  pneumogss- 
tric,  it  has  been  shown  that  this  is  the  true  nerve  of  phonation.  In  the  older  worki 
upon  physiology^  before  the  functions  of  the  spinal  accessory  were  fully  understood,  the 
experiments  iipou  the  inferior  laryngeals  led  to  the  opinion  that  the^ie  were  the  nervM  of 
phonation,  as  they  j^howed  loss  of  voice  jbllowing  their  division  in  living  animals.  Jt  ii 
true  that  these  nerves  contain  the  tilaraents  which  preside  over  the  vocal  movements  of 
the  larynx ;  hut  it  is  also  the  fact  that  these  vocal  li laments  are  derived  exclusively  fruti 
tho  ppinal  accessory,  and  that  the  recurrents  contain  as  well  motor  filaments  which  pi 
side  over  movements  of  the  larynx  not  concerned  in  the  production  of  vocal  sounds^ 

The  muscles  of  the  larynx  concerned  in  phonation  are,  the  crico-thyroids»  anin 
l»y  the  fiuperior  hiryngeals,  and  the  arytenoid,  the  lateral  crico- arytenoids,  and  tlu*  tbj 
arytenoids,  animated  by  the  inferior  laryngeals.  The  posterior  crico-arytenoids  art'  r-^^ 
Bpiratory  musides ;  and  it  is  curious  that  these  are  not  atlected  by  extirpation  of  the  $pt£^^i* 
accessories,  but  that  tho  glottis  is  still  capable  of  dilatalioDt  so  that  inspiration  b  rn^^^ 
impeded.  If,  however,  the  spinal  accessories  be  extirpated,  and  the  larynx  be  tlj^  *** 
exposed  in  a  living  aniuial,  the  ghtttis  still  remains  dilated,  but  will  not  cloKe  wbcD  i*-  ^* 
tated.  If  the  inferior  laryngeals  be  then  divided,  the  glottis  is  mechanicully  closed  w  ^^^ 
the  inspiratory  act,  and  the  animids  otiten  die  of  siidocation.  When  we  call  to  rumd  ^^I'*' 
varied  sources  from  w  hich  the  pneumogastrics  receive  their  motor  filaments,  it  Is  eojtj^  ^ 
understand  how  certain  of  these  may  preside  over  the  vocal  luovemvnt^,  mul  uth^i^rSt 
from  a  different  source,  may  animate  the  respiratory  movements. 
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Aa  we  ahould  Datnrally  ©xpeot  from  what  has  already  hcen  said,  section  of  the  iafe- 
rior  larytjfreal  nerves  paralyzes  both  the  vocul  and  the  respiratory  movements  of  the 
larynx.  It  is  not  necessary  to  refer  in  detail  to  the  ancient  and  mc»dern  experiments 
illustrating  thi«  point,  the  former  dutiny;  from  the  time  of  Galen.  In  adnlt  animttb,  Clje 
rtilag^ea  of  the  larynx  are  ^utfioiently  rigid  to  allow  of  inspiration  after  the  organ  has 
en  completely  panvlyxed ;  but,  in  youn^  aniinuls,  the  glottis  h  closed,  aud  sutfocation 
ensues.  We  Imve  (generally  observed  in  cats,  that  sutfocation  follows  immediately  upon 
section  of  the  recurrents  or  of  the  pneunio^'^aMtrics  in  the  neck. 

The  impediment  to  the  entrance  of  air  into  the  hinj^a  ia  a  sutRcient  explanation  of  the 
inereasc  in  the  number  of  the  respiratory  acta  alter  division  of  both  reearrents.  The 
celerntiun  of  respiration  is  much  frreater  in  youngr  tlian  in  adult  animals.  This  doca 
"not  apply  to  very  young  animals,  in  which  section  of  the  recurrents  produces  almost  in* 
staut  death. 

F^ble  galvanization  of  the  centrid  ends  of  the  inferiur  laryngeai.^,  aftt^r  tlieir  division, 

produces  rhythmical  movements  of  de^^lutition,  ponertdly  coincident  with  arrest  of  the 

■ietioQ  of  the  diapliracfm.     These  phenuuicna  are  fxenernlly  obi?«rved  in  rabbits,  but  they 

I  not  constant.     Tlie  reflex  action  of  these  nerves  in  deglutition  is  probably  dependent 

Qpon  tUo  coinmunieating  tilaments  which  they  send  to  the  superior  laryngeal  nerves. 


Properties  and  FunethnB  of  the  Catdmc  Ncmu^  and  Ir^uenee  of  the  Pneumi>ga*tHc4 
npon  ths  CirrulatUm. — One  of  the  most  interesting  questions  connected  with  the  physi- 
ology of  the  pneumogastrie  nerves  is  their  action  upon  the  heart;  and  the  rusulls  of 
ex[»eriment%  which  will  be  fully  detailed  hereafter,  are  precisely  t!io  ojiposite  of  what 
TToald  be  expected  in  the  case  of  a  nerve  containing  motor  filaments  and  distributed  to 
a  muscular  orj^an.  Section  of  the  pnourao^'i^strics  in  the  neok,  far  from  arresting  the 
action  of  the  heart,  increases  the  rapidity  of  it^  puhiations ;  and  galvanization  of  the 
D<frvb8  arrests  the  hearten  action  in  diastole. 

Within  the  past  few  years,  some  very  remarkable  experiments  have  been  made  upon 
the  intluence  of  certain  nerves  given  oflf  neur  the  superior  laryn^als,  which  have  been 
<*Blled  the  depressors  of  the  circulation  ;  but  most  observations  have  been  mflJo  upon 
the  trunks  of  the  pueumogastrics  in  the  t^ervical  region,  as  it  is  exceedingly  diHicult  t<j 
isolate  the  thoracic  cardiac  branches  and  to  operate  upon  them  without  involving  other 
nervous  tllanients.  In  galvanizing  the  nerves  in  the  neck,  we  have  to  consider  both  the 
direct  influence  of  the  current  and  the  phenomena  due  to  retlex  action. 

Efftc(»  of  Sfeiton  of  the  Pneumogastries  vpon  thti  Cireulatwn, — It  is  not  necessary 
to  cit<j  in  detail  the  various  experiments  upnn  the  etfects  of  section  of  the  pueumogastriea 
la  the  neck  nf>on  the  action  of  the  heart.  The  division  of  these  nerves  in  living  animals 
U  efficiently  easy,  and  all  who  have  performed  this  operation  have  noted  the  same  re- 
«olls,  B)  section  of  these  nerves,  the  heart  is  at  once  separated  from  one  of  the  most 
important  of  its  nervous  connections;  and  the  effects  show  that,  as  far  as  this  organ  is 
concerned,  the  motor  filaments  present  prreat  diiTerences  from  the  ordinary  motor  ner^'cs 
i»f  the  cerebro*spinal  system.  Most  of  the  observations  made  by  dividing  the  nerves 
hare  been  npon  dogs,  and  the  differences  in  the  effects  upon  other  animals  arc  slight  and 
Hnimportant.  The  following  are  the  important  phenonjena  presented  in  t}'pical  experi- 
ments : 

Section  of  one  of  the  pnenmogastrics  in  the  neck  does  not  produce  any  very  marked 
feet  npon  the  action  of  tlie  benrt,  atlter  the  slight  disturbance  wliii-h  usually  follows  the 
Opfraticm  has  piissed  away.  The  number  uf  ]!nl^ati(lns  is  slightly  increased,  and  the  car- 
diac prosi^ure,  fie  shown  by  a  cardiometer  fixed  in  the  carotid  jtrtery*  is  slightly  dimin- 
IduM] ;  but  this  is  insignificant  as  compared  with  the  effects  of  dividing  both  nerves, 

J^ctlnn  of  both  pneumogastrics  usually  produces  immediate  and  serious  disturbance 
\n  the  respirations,  which  are  momentarily  accelerated.  The  animal  usually  becomes 
I  &nd  suffers  from  want  of  air;  and,  when  it  is  desired  especially  to  note  the  car- 


054 


NERVOUS  SYSTEM. 


diiia  disturbaiieef  it  is  often  neceesary  to  relieve  tlie  respiration  by  introducing  a  to 
into  the  trachea.  In  full-grofrn  dogs,  however,  the  respiirations  soon  become  calm,  bnt 
thej  are  diiiiiaislied  in  frequency  and  become  unosaally  profound.  Wlieu  the  animal  19 
in  this  condition,  the  beats  of  the  heart  are  very  much  increased  in  frequency,  at  least 
doubled ;  but  they  are  inefficient  and  tremulous. 

An  interesting  point  in  this  connection  is  the  want  of  intlnence  of  certain  roedici 
substances  over  the  action  of  the  heart  in  animals  ufter  division  of  the  pnenmo^as tries. 
Tratibe  has  siiown  that,  while  digitalis  injected  into  the  veins  of  a  dog  was  cjipable  in 
an  hoar  of  reducing  the  pulsu  to  about  one-fourth  of  the  normal  number  of  beats  per 
minute,  there  was  no  appreciable  effect  upon  the  circulation  when  the  iujectioD  wai 
made  in  animals  with  both  pneumogastrics  divided. 

The  intlnence  of  the  pneumogaa tries  upon  the  heart  h  one  of  the  most  interestingf 
points  in  the  physiology  of  the  circulation ;  but  w©  can  discuss  the  mechanism  of  thd 
phenomena  following  section  of  the  nerves  more  satisfactorily  after  %ve  have  considered 
the  effects  of  their  galvanization, 

EffecU  of  Gahanhinfi  the  Pneumogastrict  or  (heir  Branehcg  vpon  the  CirruUttmi,— 
Tlie  experiments  upon  tlie  effects  of  galvanization  of  the  pneumogastrics  in  the  neck  on 
the  notion  of  the  heart  are  almost  innumerable ;  and,  although  the  explanation?  of  the 
phouomcnii  ob^ervtd  present  the  widest  differences,  the  facts  themselves  are  sutliciently 

simple.  These  facts  will  be  discussed  under  the 
following  heads:  1,  The  direct  inHuence  of  galran^ 
ization  of  the  nerves  in  the  neck,  undivided,  or  of 
galvanization  of  the  peripheral  extremities  of  the 
trunks  after  division.  2,  Reflex  phenomena  follow- 
ing galvanization  of  the  central  ends  of  tlie  poeu- 
mogastrics,  alter  their  division. 

Bire^X  Influence  of  the  Pneumogajktrict  up^n 
the  Heart , — In  1846,  the  brothers  Weber  noted 
the  important  fact,  that  galvanization  of  the  pneu- 
mogastrics  in  the  neck  rendered  the  action  of 
the  heart  slow,  and,  if  the  galvanization  wen^  tuiSi- 
ciently  powerful,  arrested  the  heart,  which  reinaiaed 
flaccid  and  in  diastole  for  a  certain  time  while  the 
galvanization  was  continued.  This  fact  baa  finici 
been  con  Armed  by  numerous  experimenters. 

While  there  is  no  ditference  of  opinion  anump 
pliysiologiats  with  regard  to  the  stoppage  of  tli« 
heart  by  powerful  galvanization,  It  is  atat«d  by 
some  that  a  very  feeble  current  piisscd  tbrougb  the 
pcri[»heral  ends  of  the  divided  nerves  quickens  the 
heart's  action;  but  it  is  admitted  by  all  that  it  is 
very  difficult  to  regulate  the  intensity  of  the  current 
so  as  to  produce  this  effect.  After  section  of  tlie 
nerves,  the  action  of  the  heart  is  very  readily  loodV 
ficd  by  struggles,  etc.,  on  the  part  of  the  animal 
under  observation ;  and,  in  view  of  the  exce^ln^ 
^\Q  't^.-Bramfutt^f  thf  p»rnum^inari<ito  nicctv  of  the  reported  exporiments,  it  canmU  be 
rr  K    ^     W'A..iW  jlkm^nl  )  admitted  that  the  heart,  is  c«i»able  of  bein 

u,bmocWof  the  pmuiiiupkitrte  fuiugr  to  to  increased  rapidity  of  action,  without  ob> 

of  the  most  positive   character.      Such    Caclt 
wanting;  and,  furthermore,  it  has  been  shown  by  Dr,  Rutherford,  in  a  series  of  cxoee^l* 
ingly  exact  and  aatisfactory  experiments,   that  whenever  a  galvanic  current  passed 
through  the  pneumogastrics  lias  any  appreciable  effect  upon  the  action  of  the  b^art. 
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it  b  to  diminish  the  freqaeney  of  its  pulsations.  Inastnuch  as  our  object  is  dimplj  to 
bhow  Uiati  imitating  the  lit^rvous  force  by  galvanism,  the  action  of  tlie  poeumogastrics 
is  inbibitury^  ^e  shall  not  didcuas  tlto  effects  of  different  currents,  and  other  experi- 
meDts,  which  have  little  relation  to  the  natural  action  of  the  nerved^  and  pog^css  slight 
iiiterest  from  a  purely  physiological  point  of  view. 

The  direct  action  of  the  pneumogas tries  npon  the  heart  is  nndoubtedly  through  their 
motor  fiJiUDcntj).  All  the  facts  dtivolt>ped  by  experiments  are  in  accordance  with  this  view. 
If  the  nerves  be  divided  in  the  neck,  galvanization  of  the  central  ends  luis  no  effect 
Ufion  t!ie  hearty  tho  pulsationi*  being  arrested  only  when  the  peripberiil  ends  are  stiuju- 
iated.  This  shows  tliat,  at  least  as  far  as  the  tibres  passing  down  the  neck  arc  con- 
»rned^  the  action  Is  centrifugal  and  direct,  not  reflex.  Another  curious  fact  illustrates 
•ihe  same  point  very  forcibly.  It  is  well  known  that  the  woorara*poison  completely  par- 
alyzes the  motor  nerves,  leaving  the  muscular  irritaliility  and  the  sensory  nerves  intact- 
It  has  been  found  that,  in  animals  poisoned  with  woorara,  the  action  of  the  heart  being 
maintained  by  artificial  respiration,  galvanization  of  both  pneninogastricfe  has  no  effect 
upon  its  pulsations.  This  fact  we  have  repeatedly  verified  In  public  denioustrations. 
Still  atiother  curious  fact  remains  bearing  upon  the  que.sticin  under  consideration.  If  pow- 
erful galvanization,  which  immediately  arrests  the  cardiac  pulsations,  bo  continued  for  a 
certain  time,  so  that  the  motor  filaments  become  temporarily  exhausted  and  lose  their 
irritability,  the  heart  resumes  its  contractions,  notwithstanding  that  the  galvanization  is 
continued;  the  nerves  being  for  the  time  incapable  of  transmitting  the  inhibitory  infiuence. 

The  source  of  the  motor  filaments  in  the  pnenmogastrics  which  exert  a  direct  iohibi- 
tory  action  upon  the  heart  becomes  an  important  point  to  determine.  In  the  original 
^experiments  by  the  brothers  Weber,  it  was  shnwn  that,  when  the  galvanic  stinudus  was 
Applied  to  that  portion  of  tho  centres  from  which  the  nerves  take  their  origin,  the  action 
of  the  heart  was  arrested  in  the  same  way  as  when  the  nerves  themselves  are  galvan- 
ixed;  and  it  has  been  shown  by  subsequent  observations  that,  when  the  heart  is  thus 
arrested  by  galvanization  of  the  medulla  oblongata,  if  both  pncumogustrics  be  divided  in 
the  neck,  its  action  is  resumed.  This  would  at  first  lead  to  tlie  supposition  that  the 
inhibitory  t]laments  are  derived  from  the  roots  themselves  of  the  pneumugastrjcs;  but  it 
baa  been  conclusively  demonstrated  that  they  are  really  derived  from  the  spinal  acces- 
sories, the  upper  filaments  of  origin  of  which  are  situated  just  below  tho  roots  of  the 
pnenmogastrics. 

It  ba»  been  shown  that  powerful  galvanization  of  one  pneumogastnc  will  arrest  the 
hesTt*s  action,  and  also  that  this  inhibitory  action  is  much  more  marked  in  the  right 
than  in  the  left  nerve.  Waller,  after  extirpating  the  spinal  accessory  nerve  upon  one 
side,  found  that  galvanization  of  the  pneumogastric  upon  that  side  had  no  effect  upon 
the  heart,  provided  tliat  from  ten  to  twelve  days  had  elapsed  after  eitirpation  of  the 
spinal  accessory,  a  sufficient  time  to  secure  disorganimtion  and  loss  of  irritability  of  its 
fibres.  These  experiments  show  conclusively  that  the  motor  filaments  contained  in  tho 
pneumogastric,  which  act  directly  upon  the  hearty  are  derived  exclusively  fi-om  the  com- 
municating branch  of  the  spinal  accessory. 

Beflex  Inhumes,  through  (he  PneuntfigfMrie^^  upon  the  Cirevlati^m, — Galvanization 

the  central  ends  of  the  pneumogastrics,  after  their  division  in  the  necic,  docs  not  intln- 
ee  the  action  of  the  heart,  exce[»t  as  the  pulsations  are  affected  by  tlie  moditictttions  in 
"respiration*  When  the  central  ends  are  stimulated,  the  pupils  become  dilated,  the  eyes 
protrude,  sometimes  vomiting  occurs,  and  always  the  number  of  rcj^piratory  acts  is 
diminished,  and,  with  a  powerful  current,  are  arrested  in  inspiration  ;  but  the  pulsations 
of  the  heart  are  not  affected. 

Jhpreuor- N'€rv€. — An  important  reflex  action  operating  npon  the  circnlation  through 
branches  of  the  pneumogastrics  has  lately  been  described  by  Cyon  and  Ludwig,  in  a 
msmoir  which  received  the  prize  for  Experimental  Physiology  from  the  French  Academy 
of  Sciences,  in  18<*7.    The  experiments  upon  which  this  memoir  is  based  are  exceedingly 


Tin*  VSlf— i>«|»'^iMOf-fMrvM,    (Cyoo  ind  Ludwtif.) 
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dear  and  satisfaotorj,  and  they  afford,  perhaps,  the  only  positive  oxplaDation  we  have  of 
reflex  a<!tioD  upon  the  heart.     The  snhstance  of  these  observations  is  briefly  aa  foUuwa: 

In  the  rabbit,  is  a  nerve,  arising  by  two  roots,  one  coming  from  the  trunk  of  tbe 
pneumogaeitric  and  the  other  from  its  euperior  laryngeal  branchy  passing  tlien  toward  the 
>tid  artery  and  taking  ita  course  down  tbe  neck  by  the  aide  of  the  sympathetic  as  far 
the  thorax.  In  the  chest,  it  joina  with  sympathetic  filaments  to  pa«»s  with  tbem  to  the 
heart,  by  little  branches  between  the  origin  of  the  aorta  and  the  pultnonary  artery* 
Thii  nerve  can  be  completely  isolated  in  the  neck  from  the  sympatlietic  and  the  trunk 
of  the  pnenmogaatric.  If  it  l)e  divided  in  this  »it nation,  alter  the  irritation  produced  by 
tbe  operation  has  subsided,  very  distinct  and  important  modificationa  in  the  circnlation 
may  be  produced  by  its  galvanization. 

In  the  first  place,  it  was  noted  in  all  the  experiments,  that  galvanization  of  the  periph* 
era!  extremities  produced  no  change,  either  in  the  number  of  the  pulsations  of  the 
heart  or  in  the  pressure  of  blood  in  the  vascular  system;  which  points  to  the  ftict  that 
ita  action  is  not  direct^  but  retlex,  and  that  it  la  due  to  an  impression  conveyed  to  the 
nerve-centrea. 

If  the  central  ends  of  the  nerves  be  galvanized,  the  pressure  in  the  arteries  dimin- 
ishes little  by  little,  until  it  may  he  reduced  to  one-half  or  two-thirds  of  the  pressure 
before  the  irritation  was  applied.  This  low  pressure  continues  so  long  as  the  interrupted 
current  is  applied  ;  but,  when  the  galvanization  is  arrested^  it  gradually  returns  to  the 
normal  standard.  These  phenomena  ore  observed  in  all  the  largo  arterial  trunks.  The 
length  of  time  required  to  produce  the  greatest  diminution  in  the  pressure  is  somewhat 
variable*  but  the  experimentera  have  never  seen  it  reach  its  minimum  before  fifteen  pal- 
aations  of  the  heart. 

'"  Tlio  diminution  in  the  pressure  is  attended  with  a  reduction  of  tlie  pulse  in  the 
instances  in  which  the  depressor-nerve  only  has  been  divided.  The  irritated  nerve  is 
isolated  in  a  manner  so  complete  that  we  cannot  fear  the  pasaage  of  tbe  exciting  current 
in  the  trunk  of  the  pneumogustrie.  The  changes  in  the  number  of  puleationa  persist 
even  when  the  pneumogastric  has  been  excited  by  the  aide  where  the  irritation  has  been 
applied,  from  the  point  where  the  Buperiur  laryngeal  is  given  off  to  the  point  where  the 
pnetimogastrie  enters  the  thoracic  cavity. 

**  From  the  foregoing  it  is  evident  that  the  changes  taking  place  in  the  number  of 
ptdsations  are  due  to  excitation  of  the  depressor-nerve.  If  we  study  attentively  the 
progress  of  the  cardiac  pulsations  during  the  excitation,  we  observe  always  that  the  most 
considerable  reduction  takes  place  at  the  beginning  of  the  experiment ;  that  ie  to  say,  at 
the  moment  when  the  blood-presstu'e  descends  from  Its  normal  standard  to  the  lowest 
p<»int.  When  the  pressure  is  completely  depressed,  the  pulse  is  accelerated  again  and 
^fen  reaches  almost  completely  the  imnibors  presented  before  the  oscillations.  When 
the  irritation  ceases,  after  a  shorter  or  longer  period,  the  heart  generally  beats  more 
rapidly  than  before  the  irritation,  and  this  during  all  the  time  that  is  occupied  in  the 
return  of  the  pret^sure  to  the  normal  standard.  This  observation  in  itself  refutes  the 
idea  that  the  diminution  in  the  pres^sure  may  depend  upon  the  diminished  number  of  pul- 
«aiionH,  If  the  reduction  in  the  rate  of  the  pulse  produced  a  diminished  pressure,  it 
itiotild  l>e  increased  when  the  pulsations  of  the  heart  become  accelerated. 

**  Tlie  manner  in  which  the  pulse  is  reduced  leads  to  the  supposition  that  it  is  due  to 
^  reflex  action  of  the  pneumogastric, 

*'  It  was  easy  to  verify  this  last  opinion,  and  we  have  been  able  to  confirm  it  by  first 
<mtting  the  pneumogastrics  on  both  aides,  and  afterward  irritating  the  central  end  of  the 
^Jepressor-nerve.  In  this  case,  the  pressure  fell  to  0G2,  0  55,  etc.,  while  the  number  of 
t^iilaations  remained  the  same,  or  at  least  oscillated  very  slightly  above  and  bclow^  the 
*iumb«r  observed  before  the  irritation.^' 

Tbe  above  extract  from  the  observations  of  Cyon  shows  two  important  points : 

galvanic  stimulation  of  the  central  extremities  of  the  divided  depressor-nerves 
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reduces  tlie  number  of  pulsations  of  the  heurt  by  u  relici  action ;  the  impr^^^iori  bemg 
conveyed  to  the  nerre*centres  by  the  depressor -nerves,  and  tlie  force  operating  dire<^Uy 
upon  the  heart  being  transmitted  throagh  etiereut  Ulamenta  in  the  trunk  of  Uie  pncumo- 
gastric. 

Second^  the  reduction  in  the  pressure  of  blood  in  the  larger  art<;rie«  is  indi^pendent 
of  the  ctferent  filumt^nts  of  the  pneamogaatrio  and  boars  no  relation  to  the  reduction  in 
the  number  of  cardiac  pulsations. 

It  now  romaiiis  to  explain^  if  possible,  the  mechanism  of  the  redaction  in  the  arle- 
nal  preasnro.  This  question  lii  treated  by  Oyon  by  the  method  of  exclusion.  The  dimi* 
nution  in  the  pressure  fu) loured  galvanization  of  the  central  extremities  of  the  depreitttor- 
nerve8,  even  when  the  heart  was  removed  from  Ha  intluence  by  section  of  both  pneumo- 
gastrics  in  the  neck,  and  when  all  the  voluntary  uiovenients  and  the  movements  of 
respiration  were  abolished  by  poisoning  with  woomra.  In  the  latter  cose,  the  circula* 
tion  was  kept  up  by  nrtiticial  respiration.  Without  fallowing  oat  the  various  observa- 
tions whieh  go  to  show  that  the  influence  of  the  de|)ressor- nerve  upon  the  arterial  pre*»Hure 
18  independent  of  the  fore©  or  frequency  of  the  heart's  action  and  is  due  to  some  couac 
which  operates  upon  the  vessels  themselves,  we  shall  simply  give  the  results  of  Unj 
experiments  upon  the  sjilanchnic  nerves.  If  the  abdomen  be  opent^d,  and  one  or  more 
of  these  nerves  be  divided,  the  arterial  pressure  is  immediately  diminished.  After  tlUA, 
if  the  peripheral  extremities  of  the  divided  nerves  be  galvanized,  the  pressure  rapidly 
returns  to  the  normal  standard.  These  experiments  ^'  demitiisjirato  that  the  splanclmiii 
nerves  constitute  the  most  itnportant  vaso-motor  nerves  in  the  entire  organism/*  Thi« 
point  being  settled^  the  depressor-nerves  were  galvanized  after  sectiun  of  the  sphinch' 
nie  nerves,  in  some  coses  exaggerating  the  general  arterial  pressure  by  compressLng 
the  aorta,  and  iu  others^  leaving  the  aorta  free.  **  The  irritation  of  the  depressor- nerve 
after  section  of  the  splanchnic  nerve  produced  still  a  diminution  in  the  bloo<l-pres8urM, 
but  the  absolute  value  of  this  diminution  is  much  less  than  it  was  during  the  irritation  of 
the  depressor- nerve  before  the  section  of  the  aplanchnic/'  These  expi^riments  »h*jw 
pretty  ooncluHivcly  that  the  diminished  pressure  in  the  arterial  system  following  ^timuU- 
tion  of  the  central  ends  of  the  depressor-nerves  after  division  is  due  to  a  retlejc  action  on 
the  blood-vessels  of  the  abdominal  organs,  taking  place  throngh  tlie  splanchnic  ncrvM^ 
Wo  arc  sufficiently  familiar  witli  reflex  paralyzing  action  ufion  the  blood-vessels  throo^'ti 
the  Bym(>athetic  system ;  and,  when  wo  call  to  mind  the  immenne  extent  of  the  abdominal 
vascular  syj^tem,  we  can  readily  understand  how,  if  the  resistance  to  the  flow  of  blood  b« 
ainished  by  paralysis  of  the  muscular  coats  of  the  small  arteriea,  the  pressure  in  the 
rger  arteries  would  be  reduced, 

Mtchiim9m  of  the  fnffnf^nee  of  th^  Pneumogastrm  upon  tha  Action  of  the  Heart,— \X 
is  useless  to  speculate  upon  the  exact  mechanism  of  the  action  of  th«  pneumogostrics  upon 
the  heart.  Although  various  explanations  have  been  presented  of  the  etlVc  ts  fidlowinit 
division  of  the  nerves  in  the  neck,  and  of  the  opposite  phenomena  which  attend  the  gal- 
vanization  of  their  peripheral  ends,  they  are  all  more  or  leas  unsatisfactory.  All  that  can 
be  said,  in  the  present  state  of  our  knowledge,  is,  that  the  pneumogostrics,  by  virtue  of 
the  communicating  liranclies  ft*om  the  spinal  acceasoriea,  have  a  direct  inhibitory  inllQenoe 
upon  the  lieart.  When  they  are  divided  and  the  heart  is  removed  from  their  iniluencc,  the 
pulsations  become  more  rapid*  When  the  peripheral  ends  of  the  divided  nerves  are 
galvanized)  the  heart  beats  more  slowly,  or  its  action  may  be  arrestetl  by  a  current  of 
sufficient  power.  This  action  may  also  be  reflex,  due  to  an  impreasion  conveyed  to  the 
centres  by  the  depressor-nerves. 


^^ 


^  i 


Properties  and  FuTWtiont  of  the  Pulmonary  Branch^,  and  Influenes  t^fthe  JVjiyitf 
gastricM  upon  Respiration,— IlUh  trachea,  bronchi,  and  the  pulmonary  structure  iiro  nn^ 
pliod  with  mot4>r  and  sensory  tllaracnts  by  branches  of  the  pneumogastrica.  The  recarrent 
laryngeals  supply  the  upper,  and  the  pulmonary  branches,  tlie  lower  part  of  the  trachea, 
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the  loAga  tbemiidlTes  being  eapplied  bj  the  pulmonary  branches  alone.  The  Bensibility 
of  the  mQQpuH  membmne  of  the  trachea  and  bronclii  is  due  to  the  pneumogaatrics^  for 
tho^e  parts  are  insensible  to  irntation  when  the  nerves  have  been  divided  in  the  neck. 
Lun^^et  has  shown  that,  while  an  animal  coughed  and  showed  slgna  of  pain  when  the 
rtiQcoii^  membrane  of  tbe  respiratory  paasages  was  irritated,  after  division  of  the  pneamo- 
gastrics  there  waa  no  evidence  of  senaibUitj)  eyen  when  the  tracheal  mucous  membrane 
waa  treated  with  stroni;  acid^  or  even  cauterized.  He  also  saw  the  museular  tibres  of  the 
small  bronchial  tubes  oouiract  when  a  galvanic  stimulus  was  applied  to  the  branches  of 
tbe  pneuinoiLcastrics. 

The  main  interest,  in  this  connection,  is  attached  to  the  pulmonary  branches  and  their 
relations  to  the  respiratory  acts.  These  are  undoubtedly  conuect^'d  with  important  reHex 
phenomena,  acting  as  centripetal  nerves;  and  their  direct  action  in  respiration  is  probably 
much  Whh  important.  They  are  exposed  and  operated  upon  in  living  animals  with  so 
much  di^eulty,  that  we  know  little  of  the  direct  effects  of  their  irritation  and  must  judge 
'tt  their  general  properties  cbiefly  by  eJtperiments  showing  their  action  upon  respiration. 
W*  shall  have  to  study,  in  connection  with  tbe  functions  of  tbese  nerves,  the  effects  of 
tbeir  divit^ion^  upon  the  lungs  and  tbe  respiratory  acta,  and  the  phenomena,  referable  to 
the  respiratory  organs,  which  follow  tbeir  galvanization.  We  shall  also  consider  certain 
theoretical  views  with  regard  to  their  action  in  tho  automatic  processes  of  respiration,  and 
with  tbe  sense  of  waut  of  air  {besoin  d^s  respireT\  which  gives  rise  to  the  retlex  respira- 
tory acts. 

EjficU  ofDitm&n  of  the  Pneumoffagtriet  upan  Respiration. — Section  of  both  pneumo- 
Slrit^  in  tbe  neck,  in  marnmala  and  birds,  is  usually  folluwed  by  dsath,  in  from  two  to 
days.     In  young  animals,  death  may  occur  almost  instantly,  from  paralysis  of  the 

;>iratory  movements  of  the  glottis,  a  fact  whieh  we  have  already  noted  in  connection 
the  recurrent  laryngeal  nerves. 

Very  little  of  importance,  with  regard  to  the  functions  of  the  pnenmogastrics  in  con- 
Ction  with  respiration,  has  been  ascertained  by  tbe  numerous  experiments  on  record  of 

ion  of  one  or  both  of  these  nerves  in  the  cervical  region.  It  has  been  found  by  all 
^klN^rimenters,  that  animals  survived  and  presented  no  very  distinct  abnormal  phenomena 
alter  seotion  of  one  nerve.  Longet  fc^tates  tliat  animals  operated  upon  in  this  way  present 
hoarseness  of  the  voice  and  a  slight  increase  in  the  nutuber  of  respiratory  acts.  Some 
obser%*er8  have  found  the  corresponding  lung  partly  emphysenmtous  and  partly  engorged 
with  blood,  and  others  have  not  noted  any  cbange  in  tbe  pulmonary  structure. 

When  both  nerves  are  divided  in  full-grown  dogs,  an  experiment  which  we  have  often 
repeated,  the  efiect  upon  the  respiratory  movements  is  very  marked.  For  a  few  seconds, 
the  number  of  respiratory  acts  may  be  increased ;  but,  as  soon  as  the  animal  becomes 
tranquil,  the  nufuber  is  very  much  diminished,  and  tbe  movements  change  their  character. 
The  inspiratory  acts  become  unusually  profound  and  are  attended  with  excessive  dilata- 
tiioii  of  the  thorax.     The  animal  is  generally  quiet  and  indii^posed  to  move.     We  have 

tt,  under  ih^^  conditions,  the  number  of  respirations  fall  from  sixteen  or  eighteen  to 

'  per  minute. 

In  most  animals  that  die  from  section  of  both  pneumogastrics,  the  lungs  are  found 

ur^d  with  blood,  and,  us  it  were,  carnified,  so  that  tbey  sink  in  water.    This  cuHoob 

,  although  its  pbyaioloirical  signiticanco  is  not  apparent,  has  been  tbe  subject  of  much 

eoJstion  and  experimental  research.     Bernard  found  that  the  pulmonory  lesion  did  not 

in  birds,  although  section  of  both  nerves  was  fatal.     It  had  previously  been  ascer- 

in  some  animals,  death  takes  place  with  no  alteration  of  the  lungs.    When 

V  of  the  secretions  into  the  air^passages  was  prevented  by  the  introduction  of 

lean u la  into  tbe  trachea,  tbe  camification  of  the  lungs  was  nevertheless  observed, 

lithoot  detailing  all  of  the  experiments  upon  which  the  explanation  offered  by  Bernard 

k  baaed,  it  is  sufficient  to  state  that  he  ob?»erved  a  traumatic  emphysema  aa  a  consequence 

of  the  exceasively  labored  and  profound  inspirations.    Indeed,  this  can  be  actually  seen 
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when  the  pleura  ifl  exposed  in  living  animals.  As  a  result  of  this  distention  of  the  air- 
celK  the  pulmonary  capilkries  are  ruptured  in  different  parts,  the  hluod  becomes  coagu- 
lated, and  tilt:  lungs  are  tin  ally  carnifitHl.  Tliis  cannot  occur  in  birds,  because  the  lungs 
are  tixed^  and  their  relations  are  such  that  they  are  not  exposed  to  excessive  distention  in 
inspiration. 

Tliere  is  no  satisfactory  explanation  of  the  remarkable  changes  in  the  respiratory 
movements  that  follow  section  of  the  pneumoj^aatrics. 

In  this  connection  we  may  note  a  curious  fact,  observed  by  Prof,  Dal  ton  and  othera, 
that  the  pnenniogastrics  sometimes  reunite  after  division.  In  January,  1874|  we  divided 
both  pneumogastrics  in  a  medium -sized  dog.  The  pulsti  was  immediately  Increased  from 
one  hundred  and  twenty  to  tw^o  hundred  and  forty  in  the  minute,  and  the  number  of 
respirations  fell  from  twenty-four  to  four  or  six.  In  ten  days,  the  pulse  and  respirations 
had  become  normal.  The  dog  was  then  killed  by  section  of  the  medulla  oblongata,  and 
tlie  reunion  of  the  divided  ends  of  the  nerves  was  found  to  be  nearly  complete. 

Sen9r  of  Want  of  Air, — The  pneumogastrics  may  regulate  the  respiratory  acta,  bot 
they  are  not  the  medium  through  which  the  sense  of  want  of  air  (be^oin  de  rfjtpirer), 
which  gives  rise  to  the  reilex  movt^monts  of  respiration,  is  conveyed  to  the  nerve-centrea. 
If  it  be  true,  as  it  undoubtedly  is,  thiit  section  of  both  pneumogastrics  in  the  neck  modifies 
the  number  and  the  character  of  the  respirations,  and  that,  after  division  of  tlie  nervee, 
galvanization  of  their  central  ends  arrests  respiration,  it  is  more  than  probable  that  this 
function  is  normally  influenced  through  these  nerves,  by  impressions  conveyed  to  the 
centres;  but  precisely  what  tliis  influence  is  or  what  is  the  mechanism  of  its  action,  wo 
do  not  know. 

The  po^itive  statement  that  the  sense  of  want  of  air  is  not  conveyed  to  the  nerve* 
centres  through  the  pneumogastrics  is  based,  to  a  great  extent,  upon  our  own  experi- 
ments, which  have  been  fully  detailed  under  the  he^id  of  respiration;  and  we  shall  here 
give  simply  their  results  and  the  conclusions  to  wiiicb  they  lead* 

The  aot^  of  respiration  are  involuntary,  although  they  may  be  modified,  within  cer* 
tain  limits,  through  the  will ;  and  they  are  reflex,  due  to  an  impression  conveyed  to  the 
respiratory  nervous  centre,  the  medulla  oblongata,  w4nch  gives  rise  to  the  stimulus  that 
excites  the  action  of  the  inspiratory  muscles.  It  has  been  conclusively  shown  by  eiperi' 
ments  that,  if  artiflcial  respiration  be  efflciently  carried  on  in  a  living  animal,  so  as  to 
supply  air  fully  to  the  syi^tem,  the  sense  of  want  of  air  is  not  appreciated,  and  the  unimal 
makes  no  effort  to  breathe  ]  but,  if  respiration  be  imperfectly  performed,  the  animal 
almost  immediately  feels  the  want  of  air,  and^  in  our  experiments^  the  exposed  resjjiratory 
muscles  were  thrown  into  violent  but  ineffectual  contraction. 

Tlie  principal  points  with  reference  to  the  location  of  the  sense  of  want  of  air  and  its 
transmission  to  the  nerve-centres,  developed  by  our  own  experiments,  are  the  following r 

A  dog  was  etherized,  the  chest  was  opened,  exposing  the  heart  and  lungs,  and  arti- 
ficial respiration  was  carried  on  by  means  of  a  bellows  secured  in  the  trachea.  So  long 
as  the  supply  of  air  was  sufficient,  the  animal  made  no  effort  to  breathe,  even  when 
allowed  to  come  from  under  the  intiuenco  of  the  ancestbetic. 

An  artery  was  then  expoeed  and  the  color  of  the  blood  noted*  When  the  artificial 
respiration  was  arrested,  the  animal  made  efforts  to  breathe  as  soon  as  the  blood  becamd 
dark  in  the  arterial  system*  We  concluded  from  this,  that  the  impression  conveyed  to 
the  respiratory  nervons  centre,  giving  rise  to  the  movements  of  respiration,  was  due  to 
the  action  of  non-oxygenated  blood. 

To  ascertain  whether  the  impression  were  made  upon  the  nerves  distributed  to  ihs 
lungs  or  upon  other  nerves,  a  large  vessel  was  divided  and  the  system  was  drained  of 
blood,  the  lungs  being  continually  supplied  with  fresh  air.  In  this  case,  respirator j 
efforts  of  the  most  violent  character  were  invariably  noted  following  the  ha?morrhage. 
This  portion  of  the  experiment  demonstrated  that  the  sense  of  want  of  air  was  not 
dependent  npon  the  accumulation  of  carbonic  acid  in  the  lungs,  but  was  due  to  a  defieieat 
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soppljT  of  the  oxjgen-carrying  fluid  to  tbe  general  sjstcni.  tt  farther  detnonatruted  that 
the  impreasion  in  the  geoerfil  Bvst«m  was  not  due  to  the  presence  of  carbonic  acid, 
but  to  the  absence  of  ozygtiu ;  for  do  blood  containing  carbonic  acid  circubitcd  in  the 
sjfttom* 

Tli^se  phenomena  were  observed  without  any  modification,  after  division  of  both 
pDcumogtt«tric  nerves  in  the  neck^  and  they  seem  to  prove  coneluaively  that  the  sense  of 
want  of  air  h  not  transmitted  to  the  respiratory  nervous  centre  through  the  modlnm  of 
these  nerves,* 

£ffWU  of  Gahanization  of  the  PntufncgoMtrici  upon  Retpiration. — The  phenomena 
irhich  follow  galvanization  of  tbe  pneumogastrica,  although  they  are  curious  and  inter- 
esting, do  not  throw  much  light  upon  tbe  relations  of  these  nerves  to  respiration.  We 
have  already  mentioned  the  arrest  of  the  respiratory  movements  by  galvanization  of  the 
superior  ioryni^eol  branches  and  of  the  central  end»  of  tli©  pneumogastrica  after  their  divi* 

n  in  the  neck.  The  main  poiot  of  interest  in  this  connection  is  tha  fact  that  the  effects 
rved  are  entirely  retlex,  galvanization  of  the  peripheral  ends  of  the  divided  nerves 
having  no  direct  action  on  the  movements  of  tlie  thorax. 

In  view  of  the  very  indefinite  phymologicol  apiilications  of  the  experiments  made  by 
gilvomzing  the  nerves,  we  shall  not  give  in  detail  tlio  numerous  obgervations  upon  this 
•ttbject,  but  shall  simply  state  tbe  results,  as  given  in  a  recent  and  very  elaborate  work 
upon  respiration,  by  M.  Bert : 

**  1.  Respiration  may  be  arrested  by  excitation  of  the  pneumogastrics  (Trauhc),  of  the 
larynx  (01.  Bernard),  of  the  nostrils  (M.  Schiff  j,  of  most  of  the  sensory  nerves  (M.  Schiff, 
an  assertion  that  I  have  not  been  able  to  verify). 

*'  2.  This  arrest  may  take  place  either  in  inspiration  or  in  expiration,  throngh  any  one 
of  these  nerves,  without  attributing  it  to  the  action  of  derived  currents. 

'*  S.  A  feeble  excitation  accelerates  tbe  respiration ;  a  more  powerful  excitation 
retards  it;  a  very  powerful  excitation  arrests  it.  These  words  *  feeble  '  and  *  powerful  ^ 
having,  it  is  understood^  only  a  relative  sense  for  any  one  animal  and  under  certain  con- 
ditions: what  is  feeble  for  one  would  be  powerful  for  another,  etc. 

**  I  believe,  in  opposition  to  the  opinion  of  Rosentbul,  that  section  of  the  pneumogas- 
trics does  not  increase  the  ditficulty  of  arresting  respiration ;  at  least,  death  by  excitation 
occurs  much  more  easily  in  this  case. 

*'  4.  VTben  the  resi)iratory  movements  are  completely  arrested,  it  is  always  the  same 
for  the  general  movements  of  the  animal,  which  remains  motionless. 

'*  5.  Respir.ition  returns  even  durbg  excitation,  and  when  this  is  arrested,  it  almost 
always  becomes  accelerated. 

*-*  6.  Arrest  in  expiration  is  more  easily  obtained  than  arrest  in  inspiration  ;  there  are 
animals,  indeed,  in  which  it  is  impossible  to  effect  the  latter. 

**  7.  If  an  excitation  be  employed  safficiently  powerful  to  arrest  respiration  in  inspi- 
ration,  all  respiratory  movements  may  be  made  to  cease  at  the  very  moment  when  the 
excitation  is  applied  (inspiration,  half-inspiration,  expiration),  either  by  operating  upon 
the  pneumogastric,  or  operating  upon  the  laryngeal.  .  .  , 

**  Any  feeble  excitation  of  centripetal  nerves  increases  the  number  of  the  respiratory 
moTeiBents ;  any  powerful  excitation  diminishes  them,  A  powerful  excitation  of  the 
pmcnmogostrics,  of  the  superior  laryngeal,  of  the  nai^nl  branch  of  the  infra-orbital,  may 
arrest  them  completely  ;  if  the  excitation  he  sutiiciently  energetic,  the  arrest  takes  place 
at  the  very  moment  it  is  applied.  Finally,  sudden  death  of  the  animal  may  follow  a  too 
powerful  impression,  thus  transmitted  to  the  respiratory  centre  :  all  tliis  being  true  for 
eertoin  team  malt  a,  bird«,  and  reptiles.'^ 


•  For  i  ftill  account  of  Ihoic  expcriinenU*  with  Iheir  bearlof^  upon  cwrtalo  nsuplraUiry  ph^nonjona  beftiw  blrtb,  the 

f«?«-  '^  -f.  — "^  t  V  r> HlHuhI  iirtldf,  AotHled  fZ^pMriDMuOol  Baiearchfit  tm  PoinU emnetUd  wUk  th»  JHtm  </ 

<  >  'iHon,  putiUab«d  la  Um  AmMHctm  Journal  qf  tha  MnU^til  Mmet*,  f1illsd«lpUl«,  OcU>- 

\r  •  atiOD,  thv  expeilaeats  har«  ^been  frequeatly  riu>cated  In  pabtie  demofistntSoDa,  aad  th« 

V  T«tUlliKl. 
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The  above  formulikted  dtatomenU  express  the  experimental  facts  at  present  known 
witli  regard  to  the  infiaence  of  the  pneumogastrics  upon  respiration.  The  pulmooiiry 
branohee  tbemselved  are  so  deepljr  situated  that  they  have  not  as  yet  been  made  the  sub- 
ject of  direct  experiment^  with  any  positive  and  satistactory  results, 

Pr^pertia  and  Fanctiona  of  the  (Esophageal  Nenes. — ^The  inuscnlar  walls  and 
mucous  membrane  of  the  oBsophngus  are  supplied  enlirely  by  branches  frotn  the  pnc*um 
gastrics.  The  upper  portion  is  supplied  by  filamenls  from  the  inferior  laryngeal  hraiiche 
the  middle  portion,  by  filaiuents  from  the  posterior  pulmonary  branches^  and  the  infcritif^ 
portion  receives  the  ct'sophagcal  branches.  These  branches  are  both  sensory  and  motors 
but  probably  the  motor  filaments  hirgely  predominate^  for  the  mucous  membrane,  althougll 
it  is  sensible  to  the  extremes  of  heat  and  cold,  the  feeling  of  distention,  and  a  bunollitfi 
sensation  upon  the  application  of  strong  irritauts^  is  by  no  means  acutely  sensitive. 

That  the  movements  of  the  a*sophagu8  are  animated  by  branches  from  the  pneumi 
gastrics^  baa  been  clearly  shown  by  experiments.     In  the  first  place,  except  in  animals 
which  the  anatomical  Jistribution  of  the  nervee  is  difierent  from  the  arrangement  in  th« 
human  subject,  the  entire  oesophagus   is  paralyzed  by  dividing  the  nerves  in  the  neck^, 
When  the  pneumogastrics  are  divided  in  the  cervical  region,  in  dogs,  if  the  aidmi 
attempt  to  swallow  a  considerable  i]uantity  of  food,  the  up[ter  part  of  Ujc  (^SD]>hagns 
found  enormously  distended.    Bernard  noted  in  n  dog  in  which  a  gastric  fistula  had  been 
established,  that  articles  of  food  given  to  the  animal  did  not  pass  into  the  stomachy  althongi 
he  made  great  efforts  to  swallow.     An  instant  after  the  attempt,  the  matters  wei 
regurgitated,  mixed  with  mucus,  bat  of  course  did  not  come  from  the  stomach. 

Direct  experiments  u^tou  the  root^  of  the  pneumogastrics  have  shown  that  thesd 
nerves  infiuence  the  movements  of  the  crsophagos,  and  that  the  motor  tilamenla  involv 
do  not  come  from  the  spinal  accessory;  but  it  is  not  known  from  what  nerves  the$«^> 
motor  filaments  are  derived. 


Properties  and-  FSimtiitm  of  the  Abdominal  Branehts. — In  view  of  the  very  ext^Bsivf 
distribution  of  the  terminal  branches  of  the  pneumogastrics  to  the  abdominal  organsi,  it 
is  evident  that  tlie  functions  of  tliose  nerves  must  be  very  important,  particularly  ainet 
it  hiis  been  shown  tliut  the  right  nerve  is  distributed  to  the  whole  of  the  small  intcstiniiuJ 
We  shaU  consider  the  functions  of  these  branches  in  their  relations  to  the  iiv<  r»  tbi 
stomach,  and  the  intestinea.  We  have  no  positive  information  with  regard  to  tlieir  actioa 
upon  the  spleen,  kidnejrs,  and  suprarenal  capsules. 

InflneTieeofihe  Pneumogfistries  upon  the  Liver, — ^There  is  very  little  known  with  regard 
to  the  infinenceof  the  pneumogastrics  upon  the  secretion  of  bile;  and  the  most  iniportant 
experiments  upon  the  innervation  of  the  liver  relate  to  its  glycogenic  function.     We 
shall  have  little  to  say  upon  this  subject,  however,  in  addition  to  what  we  have  already 
stated  in  treating  of  the  liver  as  a  sugar-producing  organ.     The  view*  which  w«j  have 
advanced  with  regard  to  the  glycogenic  function  is  that  the  liver  is  constantly  producing 
sugar  during  life,  which  is  completely  washed  oat  by  tlie  blood  in  its  passagi?  tlirougli| 
this  organ,  the  liver  itaelf  containing  little  or  no  sogar,  under  normal  conditions.     Witli| 
this  view,  w©  are  to  look  for  sugar  in  the  blood  in  certain  situations,  and  not  in  the  liref  1 
itself;  although,  after  death,  a  change  of  the  glycogenic  matter  in  the  liver  into  9Q^U  ^ 
takes  place  with  great  rapidity,  and  sugar  may  then  be  found  in  it«  substance.     Normally,  j 
sugar  disappears  in  the  lungs  and  i;*  not  found  in  the  blorid  of  the  arterial  system*     Tlie^ 
presence  of  sugar  in  the  urine  is  abnormal.     If  both  pneumogastrics  be  divided  in  the 
neck,  and  the  animal  be  killed  at  a  period  varying  from  a  few  hours  to  one  or  two  days^ 
after,  tbe  liver  contains  no  sugar,  under  the  conditions  in  which  it  is  genernlly  found,  J 
vijc.,  a  certain  time  after  death.    From  experiments  of  this  kind,  Bernard  conclnd^  thai  < 
the  glycogenic  function  is  suspended  when  the  nerves  are  divided.    The  exp^rinicntx, 
however,  made  by  irritating  the  pneumogastrics,  were  more  aatiafactory,  as  in  these  he  < 
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looked  for  flag&r  in  the  blood  and  in  the  urine  and  did  not  contine  Ms  oxaminaUont  to 
the  substance  uf  the  liver. 

After  division  of  the  pneumogastrics  in  the  neck,  if  the  peripheral  ends  be  galvanized, 
there  is  no  etfuct  up»on  the  liver;  but,  if  galvanization  be  api)Hed  to  tbe  central  end.^  the 
glyoogeuic  ftinction  becomes  exaggerated,  and  sugar  makea  ita  appearance  in  the  blood 
and  in  the  urine.  Bernard  hits  made  a  number  of  experiments  illutitrating  this  point, 
upoD  dop  and  rabbits.  The  galvanic  current  employed  was  generally  feeble,  and  it  was 
oonttnued  for  from  6ve  to  ten  minutes,  two  or  tliree  times  in  an  hour.  In  some  instances 
the  irritation  was  kept  up  for  thirty  minutes.  From  theae  experiments^  it  b  assumed  that 
the  physiological  production  of  sugar  by  tlie  liver  is  reflex  and  is  due  to  an  impressioD 
conTeyed  to  the  nerve-centres  through  the  pneumogastrics.  A  very  interesting  and 
A«lrott  experiment  by  the  same  observer  shows  that  section  of  the  pueumogastrics  be- 
tw^n  the  lungs  and  the  liver  does  not  atiect  the  production  of  sugar.  TIiIh  delicate 
operation  is  performed  by  making  a  valvular  opening  in  the  chest,  preventing  tbe  ingress 
of  uir  by  suddenly  forcing  the  finger  into  the  wound,  and  then  introdacing  u  long,  deli- 
cate hook  with  a  cutting  cdge^  and  dividing  the  nerves,  which  may  bo  reached  by  the 
finger  in  small  dog^,  and  feel  like  tense  cords  by  the  side  of  the  oesophagus.  We  have 
already  noted  tliat  the  inhaktion  of  irritating  vapors  and  of  anj&sthetics  produces  a 
hypersecretion  of  sugar  by  tiie  liver. 

The  remarkable  effects  of  irritating  the  floor  of  the  fourth  ventricle,  by  which  we 
produce  temporary  dialietes.  have  been  considered  fully  in  connection  with  the  gly- 
:enic  function  of  the  liver.  This  effect  is  not  due  to  a  direct  transmission  of  the  irri- 
tation to  the  liver  through  the  pneumogastrics,  tor  the  plji-nomena  of  hypersecretion  are 
observed  in  animal^i  upon  which  this  operation  has  been  performed  after  section  of  both 
pneomogastrics  in  the  neck.  It  is  probable^  indeed,  that  the  impression  is  conveyed  to 
the  liver  through  the  sympathetic  system,  for  it  has  been  shown  that  animals  do  not 
become  diabetic  after  irritation  of  the  floor  of  tlie  fourth  ventricle,  when  the  branches 
of  the  sympathetic  going  to  the  solar  plexus  have  been  rlivided.  The  operation,  how- 
ever, of  dividing  the  sympathetic  nerves  in  this  situation  is  so  serious,  that  it  may  inter- 
fere with  the  experiment  in  some  other  way  than  by  the  direct  influence  of  the  nervea 
upon  the  liver. 

Injiuente  of  the  Pneumoga^trm  upon  the  Stomach  and  hiteitine*. — The  number  of 
observations  that  have  been  made  nj>on  the  influence  of  the  pneumogastric  nerves  on 
digestion  in  the  stomach  is  immense,  and  many  of  the  earlier  experiments  were  quite 
I  »»Dtradict^>ry,  We  do  not  propose,  however,  to  treat  of  this  subject  from  a  purely  his- 
^Rprical  point  of  view,  for  the  reason  that.,  before  1842  and  184S,  when  gas^tric  fi-Jtul® 
^Hpre  fir^t  established  in  living  animuKs,  little  was  known  of  the  normal  movements  of  the 
^^■omaeb  and  of  the  mechanic* m  of  the  secretion  of  the  gastric  juice ;  and,  farthermore, 
^^■(br^  the  observations  of  Bouchardat  and  Ssndras,  in  1847.  the  etfects  of  section  of  the 
^^Khrestn  the  neck  upon  the  action  of  the  a^sophagus  in  deglutition  were  not  understood. 
If  we  study  the  literature  of  the  subject  anterior  to  1842»  we  find  a  great  deal  of  confu- 
lion,  due  to  the  facts  just  stated.  Leaving  out  of  the  question  most  of  the  earlier  ex- 
perimenta,  we  shall  treat  of  the  influence  of  the  pneumogastrics  upon  the  stomach  and 
iatestlnes,  under  the  following  heads : 

1.  Tho  effects  of  galvanization  of  the  nerves. 

S.  The  effects  of  section  of  the  nerves  upon  the  movements  of  the  stomach  in  digestion. 
8.  Tlie  effects  of  section  of  the  nerves  upon  tlie  secretion  of  the  gastric  juice  and  the 
chemical  processes  of  digestion. 

4,  The  (Dtluence  of  the  nerves  upon  tbo  small  intestine. 

EffeeU  of  Onhanization. — As  the  result  of  recent  experiments,  the  effects  of  galvan- 
iiation  of  the  pneumogastrics  upon  the  movements  of  the  stomach  are  unquestionable* 
LoQget  has  shown  that  tfie  stomach  contracts  as  a  consequenceof  irritation  of  the  nerves, 
tot  instantly,  but  after  the  lapse  of  five  or  six  seconds.    He  expbins  some  of  the  contra- 
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dictory  resnltd  obtamed  by  other  observers  bj  the  fact  that  these  contraetioQs  &t^  verj^ 
Toarked  dtirmg  stotnacli -digestion,  while  they  are  wanting  *^  when  the  stomach  is  entirelj 
emiity^  retracted  on  itself  and  in  a  measure  in  repose.^*    According  to  the  sam<5  aothor,! 
irritation  of  the  splanchnic  nerveSi  while  it  produces  movementti  of  the  inte^incsi,  doe«j 
not  affect  the  Btomach.    Judging  from  the  tardy  contraction  of  the  stomach  and  th4 
analogy  between  the  action  of  the  pneumogastrics  upon  this  organ  and  the  action  of  th^ 
^sympathetic  nerves  U[ion  the  non-striated  muscular  tissue,  Longet  assumes  that  the  moic 
action  of  the  pneumo^astrics  is  due,  not  to  the  proper  filaments  of  these  nerves,  but  t^ 
filaments  derived  from  the  Bvmptathetic  system.     "This  interpretation  removes  the  sin*] 
gular  physioiogical  anomaly  that  an  organ,  the  action  of  which  is  entirely  remt^ved  Irou 
the  control  of  the  will,  shoidd  depend  upon  a  voluntary,  or  cerebro-spinal  oervcj,"    Thi 
explanation  of  the  contradictory  results  of  experiments  and  of  tije  mechanism  of  tb^ 
action  of  the  pneumogastries  upon  the  stomach  seems  entirely  satisfactory  and  may  In 
accepted  without  reserve. 

EffecU  of  Secthn  of  the  Pneum4tgiuirK9  upon  the  MawmenU  of  the  StonuKh. — If  ibt 
pneumogastrics  be  divided  in  the  neck  in  a  dog  in  full  digestion,  in  which  a  gastric  fistula 
has  been  established  so  that  Uie  interior  of  the  organ  can  be  explored,  the  fulluwing 
phenomena  are  observed : 

In  the  first  place,  before  division  of  the  nerves,  the  mucous  membrane  of  the  storoaclJ 
is  turgid,  its  reaction  is  intensely  acid,  and,  if  the  finger  be  introduced  through  the  fia-  i 
tula,  it  will  be  firmly  grasped  by  the  contractions  of  tlie  muscuJar  walk.     When  the| 
pneumogastrics  are  divided,  under  these  conditions  the  coutrautions  of  the  muscular  walli 
instantly  cease,  the  mucous  membrane  becomes  pole,  the  secretion  of  gastric  juice 
apparently  arrested,  and   the  sensihility  of  the  organ  is  abolished-      Paralysis  of  th| 
stomachy  etc.,  had  been  noted,  long  before  the  observations  of  Bernard ;  but  his  experi^l 
meats  upon  animals  with  a  fistulous  opening  into  the  stomach  are  the  most  striking. 

Notwithstanding  the  apparent  orrest  of  the  movements  of  the  stomach  in  digestion  hf 
section  of  the  pneumogastrics,  experiments  carefully  performed  show  that  substances  majl 
be  very  slowly  passed  to  the  pylorus,  and  tlmt  the  movements,  although  they  are  greatly 
diminished  in  activity,  are  not  entirely  abolished*  This  fact  has  been  established  beyood 
question  by  the  experiments  of  Schitf,  who  attributes  the  movements  occurring  after  sec- 
tion of  the  nerves  to  local  irritation  of  the  intramuscular  terminal  nervous  filaments, 

EffiecU  of  Section  qf  the  Pneumogaitric^  upon  Digettion^  tU, — When  both  nervts 
are  divided,  in  an  animal  in  full  digestion,  the  mncons  membrane  becomes  pale  and 
flaccid,  and  the  secretion  of  gastric  juice  is  apparently  arrested  at  once ;  but,  if  the  ani- 
mal survive  the  operation  for  a  day  or  two,  a  certain  quantity  of  juice  may  be  secreted  til 
the  result  of  local  stimulation,  and  digestion  of  a  very  small  quantity  of  food,  finely  divided^ 
and  introduced  into  the  stomach   by  a  fistulous  opening',  may  take  place,     A  scnoui . 
difficulty  in  the  digestion  of  large  masses  of  food  after  division  of  the  ncn^es  it  due  to  th»l 
cessation  of  the  movements  of  the  stomach*     It  is  stated  that  digestion  may  be  to  a  cer-1 
tain  extent  reestablished,  under  these  conditions,  by  galvanizing  the  peripheral  extr^ml* 
ties  of  the  divided  nerves. 

There  is  very  little  to  be  said  with  regard  to  the  relations  of  the  pneumogaatricf  to] 
the  sensations  of  hunger  and  thirst.     It  would  be  very  natural  to  infer,  from  the  distribu- 
tion of  these  nerves  to  the  mucous  membrane  of  the  stomncti,  that  they  shonld  be  involviMl  j 
in  these  sensations;  but,  in  treating  of  this  subject  elaborately,  in  connection  with  ali- 
mentation, we  have  shown  that  hunger  and  thirst  really  have  their  origin  in  the  general  ' 
system,  although  the  sensations  are  referred  subjectively  to  the  stomach  and  fauces,  and 
that,  in  all  probability,  the  sensations  persist  after  division  of  Iwth  pneumogastricsw 

With  regard  to  the  influence  of  the  pneumogastrics  upon  absorption  from  the  stomach, 
we  have  also  mentioned  the  fact  that  the  passage  of  poisons  from  the  stomach  into  tbe 
blood-vessels  may  be  retarded  by  section  of  the  nerves,  but  is  not  prevented. 

Physiologists  have  given  but  little  attention  to  the  influence  of  tbe  p&eomogiflkritf 
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upon  the  mt^sttnal  canal,  for  the  reaaon  that  Uie  distrihtttioB  of  the  abdominal  bnmohes 
to  the  snialJ  intestine,  notwithstanding  the  researches  of  Kollmann,  in  I860,  does  not 
appear  to  lia?e  been  generally  recognized.  The  right,  or  posterior  abdominal  branch  was 
formerly  supposed  to  be  lost  in  the  semilunar  giinglion  and  the  solar  plexus,  after  sending  a 
few  filaments  to  the  stomach ;  but,  since  it  has  been  shown  that  this  nerve  h  supplied  to 
the  whole  of  the  small  intestine,  its  physiology*  in  connection  with  intestinal  secretion, 
has  assumed  considerable  importance. 

In  a  series  of  experiments^  by  Prof.  Horatio  C.  Wood,  Jr.,  of  Philadelphia,  the  impor- 

ce  of  the  abdominal  branches  of  the  right  nerve  is  fully  illustrated.  These  experi- 
leais  sliow^,  in  the  most  conclusive  and  satisfactory  manner,  that  the  pncumogastrics 
influeoce  intestinal  as  nell  as  gastric  secretion*  One  of  the  most  interesting  and  curious 
points  in  connection  with  their  function  is  that,  after  section  uf  the  nerves  in  the  cervical 
region,  tl»o  most  powerful  cathartic^  croton-oil,  calomel^  podophylUn,  jalap,  arsenic,  etc., 
fail  to  produce  purgation,  even  in  doses  sufficient  to  cause  death.  The  articles  used  were 
either  given  by  the  mouth,  just  before  dividing  the  nerves,  or  were  injected  under  tlie 
skin. 

Although  the  observations  of  Dr.  Wood  are  not  entirely  new,  they  are  by  far  the  most 
extendeil  and  satisfactory^  and  were  made  with  a  knowledge  of  the  fact  nf  the  distribu- 
tion of  the  nerves  to  the  small  intestine.  Dr.  Wood  quotes  freely  from  the  experiments 
made  by  Sir  Bezyamin  Br<jdie  and  by  Dr.  John  Reid,  Brodie  failed  to  produce  purging 
in  dogs,  when  both  pueumo^'astries  had  been  divided  in  the  neck,  after  the  administration 
of  arsenic  by  the  mouth  and  after  injecting  it  under  the  skiu.  Dr.  Reid  nmde  five  experi- 
ments, and,  in  all  but  one,  it  is  stated  that  diarrhcea  existed  flfter  division  of  the  nerves*  In 
twenty  experiments  by  Dr.  Wood,  there  was  no  purgation  after  division  of  the  nerves,  in 
one  there  was  free  purgation,  and  in  one  there  was  "some  slight  mu co-fee al  discharge*''* 
From  these.  Dr.  Wood  concludes  that,  while  section  of  the  cervical  pneumogastrics,  in 
the  great  majority  of  initances,  arrests  gastro-iutestinal  secretion  and  prevents  the  action 
pi  purgatives  upon  the  intestinal  canal,  a  few  exceptional  cases  occur  in  which  these 
U  are  not  observed. 

The  facts  just  mentioned  are  exceedingly  interesting  in  connection  with  the  experi- 
menta  of  Tranbe  upon  the  action  of  digitalis  after  section  of  the  pneamogastrics.  It  will 
be  remembered  that,  in  these  experiments,  digitalis  failed  to  diminish  the  number  of  beats 
of  the  heart  when  the  nerves  had  been  divided  in  the  neck,  showing  that  the  separation 
of  the  lieart  from  its  connections  with  the  cerebro-spinal  system  removed  the  organ  from 
the  peculiar  and  characteristic  effects  of  the  poison. 

It  would  he  interesting  to  determine  whether  the  pncumogastrics  influence  the  intes- 
tinal secretions  through  their  own  fibres  or  through  filaments  received  from  the  sympa- 
thetic system  ;  but  there  are  no  experimental  facts  sufficiently  definite  to  admit  of  a  posi- 
tive answer  to  this  question.  If  the  action  take  place  through  the  i^yrapathetic  system, 
as  in  the  case  of  the  stomach,  the  filament-s  of  communication  join  the  pneumogastrics 
high  up  in  the  neck. 
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CHAPTER  XX. 


FtrycrroNS  of  the  spixal  cobd. 


0«Denl  amagetnont  of  tbo  cerebrc^-ipiiiftl  arl*— >Jt*nibrtiJios  of  tho  43Docphak)ii  and  Bpinml  ( 

fSnld— Phytinlogicol  uuiUmif  of  the  splDAl  cord—  l)irt:>ction  of  Xhv  fibiva  after  thi^y  huTo  pv&«tnt«d  \h»  cord  bj  tb« 
TQotb  of  t&0  ijiltuil  ntfrrv^^Ucoeml  propertleA  of  tho  AptluLl  cord— Actii>D  of  the  sptiukl  eord  ufti'oodiicUn^^TfuuK 
ml«fiiaii  of  motor  atlmoluA  tn  the  cord — DeeussatloD  ol  tlic  motor  coadnetors  of  tbe  coed — ^TnoimliiiJoit  of  •ra-' 
ioiy  liDtirQ«»ioiif  iti  tbo  cord— Tbo  wblte  BottttBDce  of  tbe  povteTtor  coliwuii  doc*  not  eoodiiet  Miiiai^  kupn** 
•ioiift — Action  of  tbe  gnijr  nutter  as  %  oondiietor — l^tablv  function  of  tbe  cord  In  connectloii  with  tnuicahr  «!>- 
ordination— D^euAutSoo  of  tbe  wnMney  condticton  of  the  cord— (Nummary  of  tbe  arti>oo  of  tbe  cord  ■«  a  coodortor 
— ^Attioa  of  tbo  ipiaal  eord  u  a  oerre-ccntro— Mov«tiioiit»  So  deoipltatod  anlmab^— DeAnltloa  ud  appHcaflinia 
of  tbe  term  **  reflex  "^—BcOraE  aetkm  of  the  fptual  ooi4— QuMtloii  of  aeiiMittoii  and  volUloa  In  froffi  alter  dMBpll»- 
tion — Cbanicter  of  movomenti  fbllowiiij^  irritation  of  the  Aa^flw^e  In  decapluted  ftTilfmab  rKipiTaloii  of  laipn*> 
tfon*  in  the  cord — CoiiditloQ«  e»scDtlul  to  the  inanlfesfatloti  of  rcflKrac  pboioniieoA^EiagiientSOD  of  reflex  csdlip 
btlity  by  dcMSapltatioa^  [Kilsonltig:  with  itrychiiiiui,  ebe.— Kc'llex  phenomena  obaerred  In  tiie  boono  iob^eeL 

UxDKB  tlio  bend  of  Bpecial  &enfles,  w©  sball  consider,  in  succeeding  ebaptore^  the  prop- 
ertiea  and  functions  of  tbo  first  and  second  nerres,  tbo  portio  niuUis  of  tbe  seventb,  or 
ftuditoTjf  and  tbe  gustatory  nerves,  comprising  n  part  uf  tbe  glu&so-pbar^Ti^ettl  und  s 
atnall  filament  from  tlie  facial  (tbe  cburda  tympani)  going  to  tbe  lingual  branrb  of  the 
fifth.  This  will  include  a  full  account  of  tb©  organs  of  Bnjell,  taate,  sigbt,  and  bearingi 
with  a  description  of  the  general  sensory  iiervea,  as  far  as  tliey  are  concerned  in  the  sense 
of  touch.  We  shall  here  begin  our  history  of  Uie  oerebro-apinai  axis^  wlncb  will  itidude 
the  physiological  anatomy,  properties,  and  functions  of  the  encepbalon  and  the  spinal  cord, 

Gemral  Arrangement  qf  the  Cerebro-^innl  ^zw.— Tli©  nerTOUs  matter  contained  in 
tbe  cavity  of  the  cranium  and  in  the  spinal  canal,  excluaive  of  tbe  root*i  of  the  cranial 
and  spinal  nerves^  is  known  as  tbe  cerebro-spinal  axis.  This  portion  of  tbe  nervous  §j»- 
tem  ia  composed  of  white  and  gray  nervous  matter  Tlie  fibres  of  tbo  white  matter  act 
as  conductors,  Tbe  gray  matter  conf^titutes  a  chain  of  ganglia,  which  act  as  nerve- 
oentresi,  receiving  impremonji  and  generating  the  ao-called  nerve-force.  The  gray  matter 
of  tbe  Bpiiifll  cord  uUo  ^erve^  to  a  greater  or  less  extent,  as  a  conductor. 

The  cerebro-sptual  axis  is  enveloped  in  membranes,  which  are  for  its  x^rotection  and 
for  the  support  of  its  nutrient  vessels.  It  is  surromidt*d,  to  a  certain  extent,  with  liquid, 
and  it  presents*  cavities,  m  the  ventricles  of  the  brain  and  the  central  canal  of  tbe  chord, 
which  contain  liquid.  Tbe  gray  matter  h  distinct  from  tbe  white,  even  to  the  naked 
eye.  In  tbe  spinal  cord,  tb©  white  substance  is  external  and  the  gray  is  internal*  Tht 
sarface  of  tbe  brain  presents  an  external  layer  of  gray  matter,  tb©  white  substance  being 
mtemal.  In  tlic  white  substance  of  tbe  brain,  also,  we  find  collections  of  groy  matter. 
Aa  we  sbonld  expect,  from  the  similarity  in  fitnction  between  tli©  white  matter  and  th« 
nerves,  this  portion  i»f  tbe  cebro-spinal  axis  is  composed  largely  of  fibres*  The  gnqr 
substance  is  composed  chiefly  of  cells, 

Tbe  encepbalon  is  containcfl  in  tbe  cranial  cavity.  In  the  human  subject  and  in 
many  of  the  higher  animals,  its  surface  is  m.*irked  by  numeroas  convolutions,  by  which 
the  extent  of  its  gray  substance  is  very  much  increased.  Tbe  cerebrum,  the  cerebellum, 
and  oil  of  tbe  encephalic  ganglia  are  connected  with  tbe  white  substance  of  Uie  euceplia- 
Ion  and  with  tbe  spinal  cord.  ^Yith  tbe  encepbalon  and  the  cord,  all  of  the  cerehro- 
apinal  nerves  are  connected.  Tlie  eerebro-s|)inaJ  axis  acts  as  a  conductor,  and  ita  diifer- 
ent  collections  of  gray  matter,  or  ganglia,  receive  inipreasiona  conveyed  by  the  aensory 
conducting  fibres,  and  generate  nerve-force,  which  is  transmitted  to  tb©  proper  organs 
by  the  motor  fibres, 

Ifemhran^n  of  the  Eneephalon  and  Spinal  C&rd, — The  mcmhranea  of  the  brain  and 
spinal  cord  are,  tbe  dnra  mater,  the  arachnoid,  and  tbe  pia  mater. 


I 


ARRANGEMENT  OF  THE  OEREBRO-SPINAL  AAIS. 


667 


The  (Jam  mater  of  the  encephalon  is  a  dense,  fibrous  mombrane^  in  two  layers,  com- 
posed chieflj  of  intjlastic  tissae,  which  lines  the  cranial  cavity  and  Is  adherent  to  the 
b<joei».  in  certain  situations,  its  two  layers  become  separated  and  i'oi*m  wliat  are  known 
&.i  the  venous  sinuses.  The  dura  mater  also  sends  otl'  folds  or  processes  of  it-8  internal 
^er.  One  of  these  passes  into  the  lougitudiual  fissure  and  is  called  the  falx  cerebri; 
Hother  lies  between  the  cerebrum  and  the  cerebellum  and  is  called  the  tentorium; 
ber  19  situated  between  the  lateral  halves  of  the  cerebellum  and  is  called  the  falx 

cbcUl*  The  dura  mater  is  closely  attached  to  the  bone  at  the  border  of  the  foramen 
ma^um.  From  this  point  it  passes  into  the  spinal  canal  and  forma  a  loose  covering  for 
the  cord.  In  the  spinal  canal,  this  membrane  U  not  adherent  to  the  bones^  which  have, 
like  most  other  bones  in  the  body,  a  special  periosteum.  At  the  foramina  of  exit  of  the 
Cfmii&l  and  the  spinal  nerves,  the  dura  mater  sends  out  processes  wliich  envelop  the 
nerveK  with  the  fibrous  sheaths  of  which  they  soon  become  continuous. 

The  arachnoid  is  an  excessively  delicate  serous  membrane,  in  two  layers,  the  surfaces 
of  which  are  nearly  in  contact.  The  external  layer  lines  the  internal  surface  of  the  dura 
Bd&t^r.  Like  the  other  serous  membranes,  the  arachnoid  is  covered  with  a  layer  of  tes^ 
velated  epithelium.  There  is  a  small  amount  of  liquid  between  the  two  layers  of  tho 
arachnoid  ;  but  by  far  the  greatest  quantity  of  liquid  surrounding  the  cerebro^spinal 
ftxis  lies  beneath  both  layers,  in  what  is  called  the  subarachnoid  space.  This  is  culled 
the  cerebro-spinal,  or  cephalo-rachidian  tluid.  The  arachnoid  does  not  follow  the  con- 
Tolutiuns  and  fissures  of  tiie  encephalon  or  the  sulci  of  the  cord,  but  it  simply  covers  their 
surfaces.     Magendle  pointed  out  a  longitudinal,  incomplete,  cribriform,  fibrous  septum  in 

)  cord,  pafLs'm^  from  the  inner  layer  of  the  arachnoid  to  the  pia  mater,     A  similar 

ungement  is  found  iu  certain  situations  at  the  base  of  the  skull. 

The  pia  mater  of  the  enceplialon  is  a  delicate,  fibrous  structure,  exceedingly  vascular, 
emtug  to  present,  indeed,  only  a  skeleton  net-work  of  fibres  for  the  support  of  tho  ves 

[  going  to  the  nervous  substance.  This  membrane  covers  the  surface  of  the  encephalon 
amediatcly,  follows  the  sulci  and  fissures,  and  is  prolonged  into  the  ventricles,  where  it 
forms  the  choroid  plexus  and  the  velum  interposituin.  From  its  internal  surface,  small 
vessels  are  given  ott'  which  pass  into  the  nervous  substance. 

The  pia  mater  of  the  encephalon  is  continuous  with  the  corresponding  membrane  of 

\  cord ;  but,  in  the  B[)inal  cimal,  it  is  thicker,  stronger,  more  closely  adherent  to  the 
nbjaccnt  parts,  and  ita  blood-vessels  are  by  no  means  so  numerous.  In  this  situation, 
many  of  the  fibres  are  arranged  in  longitudinal  bimds.  This  memV*rane  lines  the  anterior 
^alcus  and  a  portion  of  the  posterior  sulcus  of  tho  cord.  It  is  sometimes  spoken  of  as  the 
ilemma  of  tho  cord.  At  the  foramina  of  exit  of  the  cranial  and  the  spinal  nerves, 
Q\e  fibrous  structure  of  the  jiia  mater  becomes  continuous  with  the  nerve-sheaths. 

Between  the  anterior  and  posterior  roots  of  the  spinal  nerves^  on  either  side  of  the 
cord,  i»  a  narrow,  ligamentous  band,  the  ligamentum  denticulatum,  w  hich  assists  in  hold- 
ing the  cord  in  place.  This  extends  from  the  foramen  magnoin  to  the  terminal  filament 
of  the  oord^  and  is  attached,  internally,  to  the  pia  mater,  and  externally^  to  the  dam 
mater. 

It  is  not  necessary  to  enter  into  a  detailed  description  of  the  arrangement  of  the  blood- 
TMsek,  ncnrea,  and  lymphatics  of  tho  membranes  of  the  brain  and  spinal  cord,  or  of  the 
rascnJar  arrangement  in  the  substance  of  the  rerebro-spinal  axis,  as  these  points  are 
ehieflf  of  anatomical  interest.  The  circulation  in  the<»e  parts  prestnt^  certain  pecu- 
llariticMk  In  the  first  place,  the  encephalon  bein^  contained  in  an  air-tight  case  of  inva- 
riable capacity,  it  has  beerf  a  question  whether  or  not  the  vessels  be  capable  of  contrac- 
tion and  dilatation,  or  whether  the  quantity  of  Idood  in  the  brain  be  subject  to  raodifi- 
cttions  in  health  or  disease.  These  questions  may  certainly  be  answered  in  the  aflirmative. 
In  infancy  and  in  the  adult,  when  an  opening  has  been  made  in  the  skull,  the  volume  of 
the  encephalon  is  evidently  increaseil  during  expiration  and  is  diminished  in  inspiration. 
Under  normal  conditions,  in  the  adult,  it  is  probable  that  the  amount  of  blood  is  increaaed 
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in  expiration  and  diminished  in  inspiration ;  but  it  is  not  probable  that  the  cercbro-spliuil 
axis  undergoes  any  considerable  movements.  Tbe  important  peculiarities  in  the  cerebral 
circulation  have  already  been  fully  considered  in  connection  witb  the  circulation.  It 
has  been  shown  that  the  fncephalie  capiUanes  are  surrounded  or  nearly  surrounded  by 
canals  (perivascular  canal-system),  which  exceed  the  blood-vessels  in  diameter  by  from 
iVtnf  ^^  rir  <^^  ^^  inch,  and  are  connected  with  lymphatic  trunks  or  re^ervoira  eitnated 
under  the  pia  mater.  The  system  of  canals  may,  by  variations  in  its  contents^  senc  to 
equalize  tbe  amount  of  liquid  in  the  brain  as  the  blood-vessels  are  distended  or  contracted. 

Cephalc-rachidian  Fluid, — ^The  greatest  part  of  the  fluid  in  the  cranium  and  in  ibo 
spinal  canal  is  contained  in  what  is  known  as  the  subarachnoid  Fpace  ;  that  is,  between 
the  inner  layer  of  the  arachnoid  and  the  pia  mater,  and  not  between  the  two  layers  of 
the  arachnoid.  The  ventricles  of  the  encepbalon  are  in  communication  with  the  centrt) 
canal  of  the  cord,  imd  are  also  connected  w  ith  the  general  subarachnoid  space,  by  a  nar- 
row*, triangular  oriUce,  situated  at  the  inferior  angle  of  the  fourth  ventricle.  By  this 
ftrraogement^  the  liquid  In  tbe  ventricles  of  the  encephalon  and  in  the  central  canal  of  t2ie 
cord  communicatt^s  witb  th«  liquid  surroimdiog  the  cerebro-spinal  axis,  and  the  preaMre 
upon  these  delicate  parts  Is  equalized. 

As  far  as  we  know,  the  function  of  the  cephalo^racbidian  liuid  is  simply  mechanical^ 
and  its  properties  and  composition  have  no  very  definite  physiological  gignificance,  Itt 
quantity  was  estimated  by  Magendie,  in  tlie  human  subject,  at  about  two  fluidounces; 
but  this  was  the  smallest  amount  obtained  by  placing  the  Biihject  upright,  inaking  tn 
opening  in  the  lumbar  region  and  a  couiiter-opcDing  in  the  head  to  admit  tlie  predsure 
of  the  atmosphere.  The  exact  qaantity  in  the  living  subject  could  hardly  bo  estimated  in 
this  way ;  and  it  is  diflicult^  indeed,  to  see  how  any  thing  more  than  a  roughly  approx- 
imative idea  could  be  ohtained.  The  quantity  obtained  by  Magendie  probably  doee  not 
represent  the  entire  amount  of  liquid  contained  in  the  ventricles  and  in  tlie  snbanicbDoid 
space,  but  it  is  the  most  definite  estimate  that  has  been  given. 

The  discharge  of  a  certain  quiintity  of  the  cephalo-rachidian  fluid  does  not  produce 
any  marked  derangement  in  the  action  of  the  nervous  system.  When  the  liquid  b 
allowed  to  tlow  sjjontanuoualy  throupli  a  small  trocar  introduced  without  division  of  the 
muscles  of  the  neck,  there  follows  no  serious  nervous  disturbance;  bnt,  when  the  liquid 
10  drawn  out  forrihly  with  a  flyringe,  the  animal  first  becomes  enfeebled  and  afterward 
seems  affected  with  general  paralyt^is.  These  phenomena  are  probably  due,  not  so  mucb 
to  removal  of  the  fluid,  as  to  congestion  of  blood-vessels  and  even  efflision  c^f  blood, 
which  follow  sudden  diminution  in  ihii  pressure.  Sudden  increase  in  the  quantity  of 
liquid  surrounding  the  cerebro-spinal  axis  produces  coma,  probably  from  compression  of 
the  centres.  This  fact  was  demonstrated  by  Magendit%  by  injecting  water  in  Animals, 
and  also  by  compressiog  tbe  tumor,  in  cases  of  spina  bifida  in  the  human  sobject^  by 
which  the  fluid  was  pressed  back  into  tlie  spinal  cannl.  In  the  oases  of  spina  bifida,  the 
subject^  during  the  compression,  feU  into  coma,  wliicb  was  iDKtantly  relieved  by  reiliov* 
ing  the  pressure.  The  cephalo-racliidiiin  fluid  is  speedily  reproduced  after  ita  evacmttton* 
In  all  probability  it  is  secreted  by  the  pia  mater. 

The  general  properties  and  composition  of  tbe  fluid  under  consideration  are,  in  briot 
the  following:  It  is  p>erfectly  transparent  and  colorless,  free  from  viscidity,  of  a  distinctly 
saOne  taste,  alkaline  reaction,  and  it  resists  putrefaction  for  a  long  time.  It  is  not  affected 
by  heat  or  acids.  As  we  should  exj>ect  from  its  low  specific  gravity  and  purely  nwchaaJ- 
cal  funotion,  it  contains  a  largo  proportion  of  water  (961  to  985  part«  per  thousand),  Iw 
contains  a  considerable  quantity  of  chloride  of  sodium,  a  trace  of  chloride  of  potaMium^ 
sulphates,  carbonates,  and  alkaline  and  earthy  phosphates.  In  addition,  it  contAin^ 
traces  of  urea,  glucose,  lactate  of  soda,  fatty  matter,  cholesterine,  and  albumen. 

As  a  summary  of  the  function  of  the  oephalo-racljidian  fluid,  it  may  be  stated,  in  geft- 
end  terma,  that  it  serves  to  protect  tbe  cerebro-spinal  axis,  chiefly  by  eqaalisation  of  the 
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jires^ur^  in  the  varying  condition  of  the  hlood-vesaelj*,  accurately  filling  the  tpaoe  be- 
tween til©  centres  and  the  bony  cttvities  in  which  they  ar«  contained.  That  the  blood* 
re^eU  *jf  the  otfrebro-spinal  axis  are  subject  to  variations  in  tension,  is  readily  showo  by 
introduL'ing  a  canula  into  the  fiuburachnoid  space,  when  the  jet  ol"  fluid  dischar|*ed  will 
be  increased  with  every  violent  muscultir  effort.  The  presisure  of  the  fluid,  in  thb  in- 
stanee,  could  only  be  affected  through  the  blood-vessels. 


'    fnui 


Physiological  Anatomy  of  the  Spinal  Cord. 

The  ftpiuul  cord,  with  its  membranes^  the  roots  of  the  spinal  nerves,  and  the  sur- 
ronnding  liquid,  occupies  the  spinal  canal  and  is  continuous  with  the  encephalou.  Ita 
length  is  from  fifteen  to  eighteen  inches,  and  its  weight  is  about  an  ounce  and  a  half. 
Its  form  is  cyl'mdrical,  being  alightly  flattened  in  certain  portions.  It  extends  from  the 
foramen  magnum  tu  the  tir«ft  lumbar  vertebra.  It  presents,  at  the  origin  of  the  brachial 
nerves,  im  elongated  enlargement^  and  a  correBponding  enlargement  at  the  origin  of  the 
nerves  which  supply  the  lower  extremities.  It  terniinates  below  in  a  slender,  gray  fila- 
ment, called  the  tilum  termiuale.  The  sacral  autl  coccygeal  nerves,  after  their  origin 
from  the  lower  portion  of  the  cord,  pass  downward  to  emerge  by  the  sacral  foramina, 
and  they  form  what  is  known  as  the  cauda  equina. 

The  substance  v(  the  cord  is  formed  of  white  and  gray  matter,  the  white  matter 

ing  external.     The  proportion  of  white  matter  to  the  gray  Is  greatest  in  the  cervical 

iun.  Thid  fact  is  important  in  studdng  the  course  of  tlie  fibres  and  in  view  of  the 
Amctiims  of  the  cord  as  a  conductor.  The  inferior,  pointed  termination  of  tlie  cord  con- 
sist* entirely  of  gray  mutter. 

The  cord  is  marked  by  an  anterior  and  a  posterior  medium  fissure,  and  by  imperfect 
and  somewhat  indistinct  anterior  and  posterior  lateral  grooves,  from  which  latter  arise  tho 
anterior  and  tlje  posterior  roots  of  the  sfiinal  nerves.  The  posterior  lateral  groove  is 
tolerahly  well  marked,  but  there  is  no  distinct  line  at  the  origin  of  tho  anterior  roots. 
The  anterior  median  fissure,  or  sulcus,  is  perfectly  distinct.  It  penetrates  the  anterior 
pcwlioa  of  the  cord  in  the  median  line  for  about  one-third  of  its  thickness  and  receives  a 
highly  vuiicular  fold  of  the  pia  mater.  It  extends  to  the  anterior  white  commissure.  The 
j>o-»terior  fissure  is  not  so  distinct  as  tho  anterior,  and  it  is  not  lined  throughout  by  a  fold 
uf  the  pia  mater,  but  is  filled  with  connective  tissue  and  blood-vessels,  which  fonn  a  sep- 
tum posteriorly,  between  the  lateral  halves  of  the  cord.  The  posterior  median  fissure,  so 
eaUed,  extends  nearly  to  the  centre  of  the  cord,  as  far  as  the  posterior  gray  commissure. 

Physiologically  and  anatotiiically,  the  cord  is  divided  into  two  lateral  halves;  but  the 
division  of  each  half  into  columns  is  not  so  distinct.  Anatomists  generally  regard  a  half 
of  the  cord  as  consisting  of  three  colutuns :  The  anterior  column  is  bounded  by  tho 
anterior  tissore  and  the  origin  of  the  anterior  roots  of  the  spinal  nerves  j  the  lateral  col- 
umn is  included  between  the  anterior  and  the  posterior  roots  of  the  nerves;  the  poste- 
rior column  19  bounded  by  the  line  of  origin  of  the  posterior  roots  and  by  the  posterior 
Assure,  Some  anatomists  incdude  the  lateral  with  the  anterior  column,  under  the  name  of 
the  ant^ro-lateral  column,  taking  in  about  two-thirds  of  the  cord.  Next  the  posterior 
tuedtftQ  fiasure,  is  a  narrow  band,  marked  by  a  faint  line,  which  is  sometimes  called  the 
po«tenor  median  column. 

The  arrangement  of  the  white  and  the  gray  matter  in  tho  cord  is  seen  in  a  transverse 
5eetiun*  The  grray  substance  is  in  the  form  of  n  letter  II,  pr^^senting  two  anterior  and 
two  posterior  cornua  connected  by  what  is  calWd  the  gray  commissure.  The  anterior 
comna  are  the  shorter  and  broader,  and  they  do  not  reach  to  the  surface  of  the  cord. 
Tb©  posterior  cornua  are  larger  and  narrow,  and  they  extend  nearly  to  the  surface,  at 
the  point  of  origin  of  the  posterior  roots  of  tho  spinal  nerves.  In  the  centre  of  the  gray 
commissnro,  is  a  very  narrow  canal  lined  by  cells  of  ciliated  epithelium,  called  the 
oentrnl  canal.    This  is  in  communication  above  with  the  fourth  ventricle,  and  it  extends 
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The  proportion  of  tl*©  wliity  to  thi^  ^n  ay  siil»^tance  is  viiriiible  in  different  portioM 
tho  cord.     In  the  cervical  region,  Uk-  wIjiIi    ^ul^Umco  m  most  abundant,  and^  io  fact, 
progressively  increases  in  «piantity  fr^u   Ik  1  av  upward  throni^boTit  the  whole  extent 
tlie  cord.     In  the  dorsal  reijion.  the  i-'ray  matter  h  least  abundant,  and  it  exists  in  great 
est  qanntity  in  the  lumbar  enlar|2^ement. 

The  white  substance  of  the  cord  h  composed  of  nerve-iibres,  connective-tiaKie  «1«- 
ments,  and  blood-vossels,  the  latter  arranged  in  a  very  wide  and  delicate  plexus*  The 
nerve-fibres  are  variable  in  their  sijce  and  are  composed  of  the  axis-cyrinder  fiurrooiided 
by  the  medullary  subiitance,  without^  however^  the  investing  membrane.  Wt?  shall  spi^ 
farther  on  of  the  direction  of  the  fibres  in  the  cord. 

The  anterior  corniia  of  gray  matter  contain  blood-vessels,  oonnective-tisstjc  clemtnti, 
very  fine  nerve-fibres,  and  large  multipolar  nerve-cells,  which  are  aometimea  called  motor 
oella.  The  posterior  cornna  are  composed  of  the  same  elementa,  the  cells  b«ing  much 
smaller,  and  the  fibres  exceedingly  sniallf  presenting  very  fine  plexuses*  Tlie  cella  in  thb 
iitnadoQ  are  sometimes  called  sensory  cells.  Near  the  posterior  portion  of  etch  jioit^ 
rior  comu,  is  an  enlargement,  of  a  gelatiniform  appearance,  containing  nQt]]«rc>ini 
cells  and  fibres,  called  the  substantia  gelatinosa. 

The  foregoing  description  of  the  different  stroctares  and  parts  of  the  cord  is 
sary  to  a  comprehensiion  of  the  direction  of  the  fibres  in  the  spinal  axis  imd  tbdr  OOD* 
nections  with  the  nerve-cells^  which  is  the  anatouiical  basis  of  OQr  knowledge  of  its 
physiology.  The  connections  between  the  cells  and  the  fibres  have  ah'emly  been  de- 
scribed in  the  chapter  upon  the  genera!  structure  of  the  nervous  system.  The  niultiijolar 
nerve-cells  are  supposed  to  present  certain  prolongations  which  do  not  branch  and  aro  ^ 
directly  connected  with  the  raednllated  nerve-fibres.    These  are  oaUed  nerve-prolonfi- 
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tioDs.  Jo  addition,  fine,  brancbing  poles  are  described  under  the  name  of  protoplasinio 
prolongations. 

The  direction  of  the  fibres  in  the  cord  is  one  of  the  most  difficult  and  coiuplicftted 
problems  in  phyaiolog-ical  anAtomy  ;  and,  especially  as  regards  tho  poaterior  roots  of  tlie 
nerres,  it  ia  one  which  cannot  as  yet  be  elucidated  by  purely  anatomical  investigations, 
but  requires  the  uid  of  experimental  rind  patljological  observations.     In  order  to  nnder- 

Qd  ftilly  the  importance  of  this  question,  it  is  necessary  to  bear  in  mind  tbo  following 

piolovjcal  facts,  which  it  is  desirable,  if  possible,  to  explain  by  the  anatomical  rela- 
tfoDA  and  connections  of  the  fibres  and  cells : 

1,  The  cord  serves  rts  a  conductor  of  iraprcsflions  to  the  brain,  conveyed  to  it  throngh 
the  posterior  roots,  and  of  stimulus  generat^ed  by  the  brain  and  passing  from  the  cord 
bj  the  anterior  roots  of  the  spinal  nerves.  This  action  is  crossed,  the  decussation  taking 
I>Iao6  mainly  at  the  mednlla  oblongata,  for  the  anterior  portions,  and  throughout  the 
whole  extent  of  the  cord,  for  the  posterior  portions. 


-TVttfUNPcrM  Mction  ^  M«  spinal  etrrd  (jf  a  child  Mi/t  mnnth^  ohi,  nf  the  middlr  of  th^  Inmhar  tntatot' 

ittoitd  %eUk  potatHtMlMond^  of  (JkM  and    nUriiU  of   finmihrn:    mn^niffed  i4»  d(aiM£tr*^    Bu 

»<lf  iA^at  rwagtHi*^  ths  direction  qf  tfu  Jlhren  in  the  Qra;/  mifMitat^c*  is  rtndwtd  unumMUf  d4ttin0f. 

■Bterkir  c»ji)uiiii»:  &,  posterior  colamn« ;  e,  btcnU  cohimD» ;  d,  Anterior  roots ;  «.  po«t«>rior  roots ;  /.  intertor  wbltd 
wuTHo(»arg  ""  -.-r.r.,r,r,i,  ,H.,,,  .^i*!^  tjj,f  faBcictill  i]f  the  anterior  coraiw  and  Uje  nnUwIor  colamu«;  o,  e«ntnl 
caasi  vrtth  i  tlag^  connecdye  Aabsbutco  of  t.h«  contml  cfttial ;  (,  tnainvono  flMHeull  of 

lfc#  prayer,  c^Dtrftl  canal;  Jt,  transverse  teadcnll  of  the  gray  oommlsmra  brhlnd  the 

woiTftl  c*j»^. .  .,  i.u,,-,  .;-.  -....,,  uf  the  two««iitra]  v«tiii;  m.  anterior  comua ;  n,  erciit,  lat^nil  oeliulor  layer 
of  dim  anterior  cocnna;  o.  leosiir,  nnii>rior  c^Unkr  layer;  jj,  tmaOeflt,  modlon  e(^Iluiar  layer;  9,  poaterior  oomua; 
f,  aai'sfiuitng  ftscSetiU  In  the  posterior  coninA ;  «,  liabstontltt  goktinoaa. 


2.  Independently  of  its  action  as  a  conductor,  the  cord,  disconnected  iVom  the  rest  of 
the  cerebru-spinal  axis,  acts  as  a  nerve-centre,  by  virtue  of  its  gray  matter  and  the  fibres 
eoimet!ted  with  the  cellular  elements  of  this  substance. 

Bearing  in  mind  these  points,  wliich  are  matters  of  positive  demonstration,  we  are 
l^repared  to  study  the  anatomical  relations  of  the  fibres  and  cells.    In  this,  wo  shall  con- 
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tent  ourselves  with  the  foUowmg  very  recent  descnption,  quoted  in  fuU  from  G«r]«ch^ 
which  embodies  about  all  uf  our  positive  knowledge  npon  the  subject,  presented  in 
clearest  [iiauner  possible.    This  extract^  the  translation  of  which  b  almost  literal^  ftboul^ 
be  oarel'uJly  studied  bjr  those  who  desire  to  learn  what  is  known  at  the  present  da]| 
with  regard  to  the  physiological  anatomy  of  the  cord,     Aa  a  preparation  for  tljis  sttidj 
it  would  be  well  to  clusely  examine  Fig.  223^  which  give**  a  general  view  of  the  diftere 
parts  of  the  cord,  shown  in  a  transverse  section : 

^'  With  the  present  methods  and   means  of  investigation  at  our  command,  we 
scarcely  give  an  exact,  detailed  description  uf  the  course  of  the  fibres  in  the  spinal  { 
the  groundwork  of  the  physiology  of  this  organ.     Investigations  up  to  this  time  i 
at  least  the  outlines  of  a  gketch  which^  as  regards  the  course  of  the  fasciculi  of  tbc^  ant#^ 
rior  roots,  has  a  tolerably  definite  basis ;  and,  on  the  other  hand^  witli  regard  to  the  fm-i 
dculi  going  to  the  spinal  cord  through  the  posterior  roots,  is  quite  incomplete  and 
certain. 

"  The  fasciculi  of  the  anterior  roots,  after  their  entrance  into  the  cord,  pasa  diagonallyl 
through  the  wbito  Bubstance^  and,  aa  snob,  are  not  at  all  concerned  in  its  formation.    On] 
the  contrary,  they  •pass  immediately  to  the  gray  substance  of  the  anterior  oomaa^  and,  by  J 
their  prolongations,  are  in  direct  connection  with  the  nerve-cells  in  this  situation,  which,,] 
accordingly,  are  to  be  regarded  as  the  elements  of  origin  of  the  anterior  roots  in  thai 
cord.     Tbe  protoplasmic  processes  of  those  nerve-cells  form  parts  of  the  fine  plejcusea  of  [ 
nerve-fibres  in  the  gray  substance,  from  which  larger  nerve-fibres  take  their  origio. 
These,  cxtenOing  in  two  directions,  leave  the  gray  substance,  to  pasa  up  in  the  white  snV 
stance  to  the  brain.     In  consequence  of  the  entrance  of   additional  nerve-fibreji,  Ui« 
white  substance  is  necessarily  increased  in  quantity  in  the  cord  from  below  op  ward. 
With  regard  to  the  course  of  the  fasciculi  which  pass  out  of  the  gray  substance  of  lb«j 
ant>erior  corona,  thesie  are  to  be  divided  into  median  and  lateral.     The  median  fa&ciculi 
pass  immediately  into  the  anti-rior  white  commissure,  where  they  decussate  with  corre- 
sponding fasciculi  from  the  opposite  side,  to  pass  upward  again  in  the  anterior  column  of 
the  other  half  of  the  cord.     The  lateral  fasciculi  go  to  the  lateral  columns  of  the  same 
side,  in  which  they  pasa  to  the  brain,  having  first  undergone  decussation  in  the  anterior 
pyramids  of  the  medulla  oblongata, 

**  The  posterior  nerve-roots  enter  hori7,on tally,  running  in  the  white  substance  of  tlis 
spinal  cord,  in  a  direction  from  without  inward  toward  the  median  line,  and  here  divide 
into  two  portions.  The  lateral  portion,  the  smaller,  retains  the  horizontal  direction  iod 
passes  through  the  substantia  gelatinoaa,  dividing  into  fin©  and  the  finest  bundles,  in  the 
manner  mentioned  above,  to  take  part  in  the  formation  of  the  vertical  bundle  of  fibrcn* 
which  lies  immediately  in  front  Here  the  fibres  pass  onward,  a  jK)rtion  of  them  aacentl- 
ing  and  a  portion  descending.  The  fibres  of  the  lateral  portion  of  the  posterior  routs  do 
not  remain  very  long  in  the  vertical  bimdle,  but  curve  forward  in  a  horizontal  plane, 
and  in  this  way  reach  the  portion  of  the  posterior  comua  containing  a  fine  plerus  of 
nerve-fihres. 

"  The  median  (larger)  portion  of  the  posterior  root-fibres  passes  to  that  portion  of  Uic 
posterior  column  which  bounds  the  substantia  gelatinosa  Internally  and  posteriorly ;  and 
cording,  takes  here  a  vertical  course  to  pass  into  the  posterior  columns,  extending  chiefly 
upward,  but  perhaps  downward  as  well.  The  mediim  posterior  root-fibres  then  under* 
go  another  deflection,  by  which  they  again  take  a  horizontal  direction,  and  pass  to  the 
gray  substance  of  the  posterior  cornua,  in  part  through  the  median  portion  and  in  part 
by  the  inner  border  of  the  substantia  gelatinosa.  With  regard  to  the  farther  courf€  of 
the  posterior  root-fibres,  it  is  impossible  to  present  positive  explanations,  for  the  reason 
that  the  present  methods  of  investigation  do  not  afford  any  means  of  distinguishing  the 
posterior  fibres  fVom  the  nerve-tubes  in  Uje  vertical  fasciculi  of  the  posterior  eomua^  or 
those  passing  from  the  gray  subsfitauce  into  the  posterior  columns  to  s^cend  to  tlie  brain. 
The  numerous  divisions  which  the  posterior  root-fibres  penetrating  the  posterior  comoa  . 
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imm6cliftt«?ly  undergo  iadicato,  liowever^  that  a  portion  of  them  ia  lost  directly  in  tlio  fino 
nerve-plexus  of  the  gray  substance.  But  at  the  same  time  there  arc  numerous  fibres 
whkdi  extend  forward,  taxd  others  which  take  a  more  or  less  wavy  course  toward  tho 
int'diiin  line.  Tho  first,  perhaps,  can  be  regarded  as  po^iterior  root-tibres,  which  pasa  in 
a  forward  direction  in  the  nervous  plexus;  the  latter,  ou  the  other  hand,  belong  to  the 
comniis-^ural  librcii,  which  cross  tlie  median  hne  in  the  gray  substance  m  front  of  and 
behind  the  central  canal.  In  my  opinion,  the  fibres  which  penetrate  tho  posterior  com- 
rai^itire  are  not  to  be  regarded  as  belonging  directly  to  the  posterior  roots,  but  are  to  be 
considered  as  fibres  which  pass  backward  to  go  either  to  the  vertical  fascicidi  of  tho  gray 
substanco  or  to  pass  to  the  brain  in  the  posterior  columns.  If  this  idea  be  correct,  and 
it  U  sustaiued  by  analogous  conditions  in  the  anterior  cornua^  the  following  view  may  bo 
given  of  the  course  of  the  tibres  of  the  possterior  roots  which  penetrate  the  gray  sub- 
stance:  *A  portion  of  the  pusterior  root-tibrcs,  immediately  after  their  entrance  into 
tiiat  portion  of  the  gray  substance  which  coutains  a  nerve-plexu»,  is  lost  in  tliis  plexus; 
smother  portion  extends  farther  lY>rward,  and,  in  proportion  as  the  fibres  pass  forward, 
they  likewise  take  part,  by  constant  divisions,  in  tho  fomiation  of  the  nerve-plexus,  This 
plexus  in  which  larger  and  smaller  nerve-cells  are  interspersed  as  it  were  as  knotted 
points  {KuoUnpunkte),  is  in  direct  connection  with  the  plexus  of  the  ant^erior  eornua. 
From  tlies*?  cells  nerve-fibres  arise,  which  cross  the  median  line  in  the  gray  commissure 
in  front  of  and  behind  the  central  canal,  then  curve  backward  to  pass  up  to  the  brain,  in 
part  in  the  vertical  fasciculi  of  the  posterior  cornua,  in  part  in  the  posterior  columns, 
between  both  of  which  numerous  connections  may  exist  wfdch  are  as  yet  inextricable** 
This  view  involves  a  complete  decussation  in  the  spinal  cord,  through  the  fibrous  elements 
of  the  posterior  roots  passing  into  this  part.  AVhL*ther  Ibis  be  in  reality  a  complete  or  a 
partial  decussation  in  this  situation,  a  part  of  the  fibres  arising  from  the  nerve-plexns 
jtaaping  simply  backward  without  crossing  the  median  line,  cannot  be  determined  by 
dellAite  auiitomical  investigations;  l»ut  pathological  researches,  ns  well  as  the  experi- 
mental results  of  that  most  competent  observer,  Brow n-S^quard,  are  decidedly  in  favor 
of  a  complete  deciLssation. 

^* Finally,  it  must  be  admitted  that  two  points  especially  are  evident: 
"  L  In  the  direction  of  the  nerve-fibres  which  enter  through  the  posterior  roota,  the 
^y  substance  has  more  numerous  connections  thnB  in  those  which  pass  to  the  spinal 
oord  through  the  anterior  routs. 

**S.  The  morphological  distinction  determinable  between  the  interior  and  the  pos- 
i»Hor  roots  is,  that  the  former  take  their  origin  directly  from  the  nerve-cells  by  means 
of  the  nerve-pralongations,  while,  in  the  latter^  it  ia  only  indirect  through  the  nerve-plexus 
with  the  protO[ilasmie  prolongations,  and  in  this  wise  they  are  in  communication  with 
tlio  nerve'Cells.^^ 

General  Ptojyertles  of  the  Spinal  Cord, 

Iq  treating  of  the  functions  of  tho  spinal  cord,  wo  shall  consider,  Erst,  its  general 
propertic**,  as  shown  by  direct  stimnhitiou  of  its  substance  in  diflerent  situations;  next, 
it*  fnnctions  as  a  conductor ;  and,  finully,  its  action  «s  a  nerve-centre. 

Tlje  first  iudtcation  that  the  different  coUimns  of  the  cord  wert?  possessed  of  diffei'ent 
properties  is  to  be  found  in  the  experiments  of  Mogendie,  This  observer,  however,  was 
.  iiwiiewbat  indL'tiiiite  in  his  conclusions,  particularly  with  regard  to  the  anterior  columns; 
tmt  be  stated  distinctly  that  tho  posterior  columns  are  sensitive :  **  If  we  lay  bare  the 
cord  in  any  portion  of  its  extent,  and  if  we  touch,  or  prick  slightly  posteriorly,  the  two 
fisciciili  situated  between  the  posterior  roots,  the  animal  gives  signs  of  exquisite  sensi- 
bility; it  on  the  other  hand,  we  make  the  same  trials  upon  the  anterior  portion,  the 
fi'  '  '  **enHibility  are  scarcely  apparent.'*     Since  this  time,  numerous  observers 

'"■  iient-ed  upon  the  ditferont  columns,  both  on  the  surface  and  in  the  deep  por- 

tiont  of  the  cord,  with  v.irvtng  results.  These  observations  we  do  not  propose  to  discuss 
U 
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full  J  in  detail,  \mt  shall  refer  eiroply  to  certain  of  them,  made  within  a  few  years  will 
the"  advantage^  of  a  knowJedgc  of  tlie  reflex  phenomena  following  irritatioD  uf  Ujc  cor 
which  must  always  be  taken  into  consideration  in  such  experiment*. 

In  1801,  Ohauveau,  us  the  reault  of  numerous  experiments  performed  upon  hor 
cows,  sheep,  goats,  rabbits,  pigs,  dogs,  and  cuts,  staled  that  the  unier(»-laterul  coluinij 
at'  the  cord  were  inexei table,  both  on  tbe  surface  and  in  the  deep  portions.  Tbe  fat' 
upon  which  this  assertion  was  based  were,  that  direct  stimnlation  of  these  [»ortion»  of  th 
cord  in  living  animals,  whether  bj  mechanical  tiieanfi  or  by  feeble  galvanic  shocks,  pr 
dueed  no  contraetioa  of  muscles  and  no  pain.  Upon  irritating  the  posterior  colttiiii 
either  by  mechanical  or  galvanic  stimulus,  Chauveau  noted  pain  and  retlex  tDovemeniJ 
when  the  irritation  was  applied  to  tlie  surface,  but  the  results  were  negative  when  xh 
deep  portions  of  the  columns  were  ojwrated  upon.  The  surface  of  the  posterior  columil 
seemed  to  possess  the  same  general  properties  as  the  posterior  roots  of  the  nerves,  esp 
cially  near  the  roots,  where  the  weuHiliitity  was  ntost  marked,  gradually  dimini^litug 
intensity  toward  the  median  line ;  but  the  deep  portions  of  the  cord  were  every whc 
found  completely  insensible  and  inexci  table. 

The  experiments  and  conclusions  of  Chanveau  have  a  moat  important  bearing 
the  physiology  of  the  cord,  and  they  are  opposed  to  the  views  of  the  miyority  of  plijfaio 
logical  writers,  although  they  have  been  atlmitted  by  some  experimenters.     AVe  shall  di* 
cuss  first  the  experiments  upon  the  antero-lateral  columns,  w^hich  are  most  remarkall^J 
in  their  negative  results.    We  shall  use  the  terra  excitability  as  signifying  the  property  < 
the  cord  which  enables  it  to  conduct  a  stimuhis  applied  directly  to  it  to  certain  mii^de^ 
producing  convulsive  movements  confined  to  these  muscles,  and  not  of  a  reflex  characteKl 
We  sjliall  apply  the  term  sensibility  to  the  property  by  virtue  of  which  an  irritation  directlj 
applied  is  conveyed  to  the  brain  and  produces  a  painful  impression. 

The  experiments  of  Chauveau  and  mime  others  upon  the  ante ro -lateral  column*  &79 1 
simply  negative ;  but  their  results  are  directly  oppose*!  to  those  of  numerous  experimealprsv  ] 
who  have  produced  local  and  restricted  convulsive  movements  by  direct  irritation  of  both  j 
the  superficial  and  the  deep  portions  of  these  columns. 

With  regard  to  the  posterior  columns,  the  views  of  Chauveau  are  in  advance  of  ihtm 
of  previous  observers,  only  in  so  far  as  he  has  fhown  that,  although  the  surface  of  tliii 
portion  of  the  cord  is  endow^ed  with  sensibility,  its  deeper  portions  are  entirely  inseewil^ 
except  in  the  immediate  proximity  of  the  posterior  rix>ts  of  the  nerves. 

In  view  of  the  importance  of  the  question  under  consideration,  and  of  the  comndl^ 
tory  results  of  ex|>enments,  we  repeated,  in  18t>3,  the  experiments  uf  Chauveau.  undof 
conditions  as  nearly  physiological  as  possible.  We  had  often  had  occasion  to  note  tJ»e 
diminished  sensibility  of  tlie  roots  of  the  spinal  nerves  immediately  following  the  Trrr 
severe  oi>eration  of  opening  the  spinal  canal,  aud  had  also  noted  that  the  sensibiHtj 
increase*],  probably  approaching  the  normal  standard,  after  the  animal  had  been  allo#«l 
a  few  hours  of  repose.  For  this  reason,  we  made  our  observations  about  two  houn  tft#f 
the  first  operation.  To  avoid  the  suspicion  of  an  extension  of  the  galvanic  current  bcyon<J 
the  portion  of  the  cord  w*hieh  we  desired  to  stimulate,  the  irritation  was  first  mad«  ^J 
simply  scratching  the  parts  with  the  point  of  a  needle.  The  follow ing  experiment  i*  t^^* 
type  of  several,  in  all  of  which  the  results  were  identical  t 

May  28,  1863,  at  1  p.  m.,  the  laminte  and  the  spinous  i>roces8e8  of  the  three  lo^'^^ 
lumbar  vertebrai  were  removed  from  a  medium- :?txed  dog.  There  was  no  vcrv  jffc** 
hasmorrhage.  The  spinal  cord  and  tlie  roots  of  tliree  of  the  nerves  were  cxposedt  ^^  *^'** 
wound  was  then  closed.  The  operation  w  as  performcil  with  the  animal  under  the  M^' 
cnco  of  ether,  and  it  lasted  about  three-quarterH  uf  an  hour. 

About  two  hours  after  tlie  first  operation,  the  animal  was  br(»ught  before  the  cUiiJ* 
the  Ix>ng  Island  College  Hospital,  The  wound  was  oy>ened,  and  tlie  properties  of  tl»f 
anterior  and  posterior  roots  were  demonstrated.  The  following  observations  wcrirtln'^ 
made  npon  the  spinal  cord : 
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The  ext4?mal  surface  of  tlie  posterior  columns  wns  irrifjited  by  scriktching  witb  the 
ptjint  of  a  oeetllo.  This  prodnoetl  pain,  the  mure  miirktHl  the  nearer  tlie  irritation  was 
brougitt  to  the  origin  of  the  posterior  rooti«.  The  surfaee  of  the  cord  was  almost  insen* 
MM©  at  the  mcdiflu  lino.  A  feeble  ^^alvanic  stimiilus  was  tlien  applied  by  means  of  a 
pinee  Heetrique^  witb  the  same  results.  The  deep  portions  of  the  posterior  cohimn» 
were  then  irritated,  bat  without  etfect. 

The  cord  wa^s  then  divided  transversely^  and  viechflnieol  and  galvanic  stimulus  were 
applied  to  the  cut  surfaces. 

The  ^nrface  of  the  upper  end  of  the  cord  was  irritated  with  the  needle,  and  the  needk* 
v\  [  deeply  into  its  substanee,  without  effect.    Thtj  same  negfttive  results  followed 

ti\  I  of  the  galvanic  stimulus. 

The  lower  end  of  the  cord  was  then  elevated  witli  a  hook,  and  the  surface  of  the 
anterior  cohmms  w:y*  irrftate<i  by  the  needle  and  by  galvanism.  The  invariable  effect 
was  convuMve  movements  in  the  lower  extremities,  without  pain.  The  same  irrttation 
was  applied  to  the  deep  portions  of  the  anterior  cokmms  with  like  resultn;  viz.,  con- 
tillsivtj  raovcmentj^  in  tl»e  lower  extremities^  following  the  irritiitiou  immediately. 

The  nbovernentioned  phenomena  were  fully  verified  by  repeated  experiments,  and 
the  animal  was  tfien  killed  by  section  of  the  medulla  oblongata. 

The  general  movements  accompanied  by  evidences  of  pain  were  readily  distinguish- 
able from  the  local  convulsive  movements  w^itli  no  pain* 

This  experiment  fully  confimis  the  observations  of  Chanveuu  with  regard  to  the  p09» 
tenor  columns,  hut  it  shows,  in  opposition  to  Chunveau,  that  the  antmor  columns  are 
cxcitBble»  both  At  the  surface  and  in  the  deep  portions.  The  recent  ohservationu  of 
Volpiari  are  a!*o  opposed  to  tlie  results  obtained  by  Chauveau  with  regard  to  the  imtero* 
literal  columns.  From  a  number  of  carefully-executed  experiments,  Vulpian  draws  the 
fallow  In 5^  con cl  u  sion  s : 

**  1.  Tlie  gray  substance  is  absolutely  inexcitable. 

"  3.  The  anterior  fasciculi  possess  a  certain  degree  of  motor  excitability. 

**S.  There  is  no  doubt  that  the  posterior  fasciculi  are  xerj  excitable.  They  are 
misitive  and  excito-motor  if  the  cord  be  left  intact,  nnd  simply  exeito-motor  if  the 
cord  be  divided  transversely  and  separated  from  the  encephalon.  It  is  the  same,  but 
to  t  le«3  degree,  in  that  portion  of  the  Jatend  fasciculi  contiguous  to  the  posterior 
fftscicnli." 

In  the  face  of  definilo  and  positive  experiments  showing  the  excitability  of  certain 
|>ortioRs  of  the  cord,  it  is  impossible  to  accept  the  purely  negative  results  obtained  by 
Ohanvean  and  others. 

As  the  result  of  the  most  definite  and  reliable  experiments  of  otheirs,  bearing  upon  the 
'lQe«ftion  of  the  properties  of  the  cord,  and  of  oar  own  observations,  we  hnve  arrived  al 
the  following  conclusions : 

Tlie  gray  snbstfince  is  probably  inexcitable  and  insensible  under  direct  stimnhition. 

The  ontero-lateral  columns  are  insensible,  but  are  excitiible  both  on  the  surface  and 
in  iheir  substance;  and  direct  stimulation  of  these  cobinins  produces  convulsive  move- 
tnentj  in  certain  muscles,  which  movements  jire  not  reflex  and  are  not  attended  with 
pain.    TliQ  lateral  columns  are  less  excitable  than  the  anterior  columns. 

The  surface,  at  least,  of  the  posterior  columns  is  very  sensitive,  especially  near  the 
posterior  roots  of  the  nerves,     Tlie  deep  portion*  of  the  posterior  columns  are  probably 

ensible,  except  very  near  the  origin  of  the  nerves. 

The  above  conclusions  refer  only  to  the  general  properties  of  different  portion*  of  the 
iV)rd,  08  shown  by  direct  stimulation,  in  the  saioe  way  that  we  demonstrate  the  general 
(Toperties  of  the  nerves  in  their  course.  In  all  probability,  the  fibres  in  the  white  and 
gr»f  «ubstance  of  the  central  nervous  system  conduct  motor  stiraidus  fr«nn  the  brain  and 
ysMoifj  impressions  to  the  brain^  while  they  themselves  may  be  insensible  and  inexcit- 
able under  direct  stimulation. 
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Troftsmisitwn  of  Motor  Stimvltm  in  the  Cord* — TLe  tiDtera-lateral  colonms  of  the 
la  both  the  white  und  thti  gray  subsftauce,  are  entirely  insensible  to  direr-t  irrilatiuM, 
tliey  eotiduct  tlio  motor  stimulus  from  the  centres  to  the  periphery.  This  ^tutement  mn, 
be  ftcrepted^  as  the?  result  of  positive  demon  strati  on,  with  very  little  qualifictttion.  If  tli 
poHteriur  eolunms  of  the  cord  he  dirided  or  even  reinoved  for  a  certain  len^^h,  the  aniiu 
retains  the  power  of  voluntary  motion  intact.  On  the  other  hand,  if  the  antero-latcri 
columns  of  the  cord  be  divided  on  both  sides,  the  power  of  voluntary  motion  is  lost  abfto- 
lutely  in  all  part^i  supplied  with  nerves  coming  from  the  cord  below  the  section.  iU 
woidd  be  an  intcret^ting  point  to  deterinine  positively  the  relative  importance  of  llie  whi 
and  the  gray  Bubstance  of  the  anterior  columns  in  the  transmission  of  motor  ^timnltis: 
but  this  !ias  thus  far  been  in^possible.  Wo  cannot  with  certainty  divide  the  gray  mattci 
of  the  anterior  columns  completely  and  leave  the  white  substance  JBtact,  nor  cjjn  w« 
divide  the  white  substance  without  injuring  the  gray.  As  far  as  experiments  go,  howcTeri 
they  seem  to  sIh»w  that  transmission  is  not  effected  exclusively  by  the  whitl;^  s^ubMance^ 
but  that  the  gray  matter  inlays  an  important  part  in  this  tanction.  We  ahall  refer  (af* 
ther  on  to  the  action  of  the  gray  substance  in  tho  transmission  of  sensory  impressions. 

It  h  evident,  from  anatomical  facts  as  well  as  from  the  results  of  direct  eiperimeuU-* 
tion,  that  the  fibres  of  conduction  of  the  motor  stiimilus  pass  from  the  brain  to  the  ant^Twif 
roots  of  the  nerves,  through  the  spinal  cord,  from  above  downward*  and  that  there  i*  im 
other  medium  for  the  transmission  of  the  will  to  the  muscles.     Wherever  the  cord  b# 
divided,  all   the  muycles  sujiplicd  by  nerves  given  oft*  below  llie  section  are  paralyzed. 
From  the  brachial  enlargement  of  the  cortl,  nerves  of  motion  pass  to  the  sujierior  extremi- 
ties, and  the  inferior  extremities  are  supplied  maiiity  by  nerve*  coming  from  the  latnUir 
enlartrement.     The  direction  of  these  motor  fibres  in  the  cord  itself  has  been  elucidtt^ 
only  by  experiments  upon  living  animals.     If  the  anterior  columns  alone  be  divided  in 
the  dorsal  region,  there  is  almost  corojdete  paralysis  of  the  lower  extremities.     If  ll»»> 
lateral  columns  be  divided  in  tir^  situation,  without  ii\juring  the  anterior  columns,  vohai* 
tary  movements  of  the  luNVer  extremities  are  diminisihed  but  are  not  abolished.     Jf  tb* 
anterior  columns  be  divided  high  up  in  the  cervical  region,  tJjere  is  a  diminution  iollie 
voluntary  movements,  but  this  is  by  no  means  so  marked  as  when  the  section  is  mad^o  in 
the  dorsal  region  ;  but,  if  the  lateral  columns  be  divided  in  the  upjMjr  cervical  region,  the 
paralysis  is  almost  or  quite  complete.     These  facts  clearly  ahow  that  the  sitnatioo  of  Oit 
chief  motor  conductors  of  the  cord  is  different  in  the  dorsal  and  in  the  cervical  nj^mn. 
In  the  dorsal  region*  while  conduction  of  the  motor  stimulus  takes  jdace  through  thvc^ 
contained  both  in  the  anterior  and  in  the  lateral  columns,  the  transmissittn  is  niiiiiily 
throngh  the  anterior  cohmms,  the  lateral  columns  being  much  lei^  important.     In  Uim 
cervical  region,  the  conditions  are  reversed,  and  the  conduction  takes  place  chicflv  ^5 
means  of  the  lateral  columns.     Pjissing  from   above  downward,  therefore,  tlie  moU^ 
fibres  are  situated,  in  the  cervical  region,  mainly  in  the  lateral  columns;  hot  pn^px*- 
fiively,  as  (hey  pass  through  the  dorsal  and  the  limibar  portions  of  the  cord,  tliem  fil»rc» 
change  their  location  and  are  found  chiefly  in  the  anterior  columns. 

Recent  observations  have  not  sustained  the  old  idea  that  the  lateral  columiisof  lb* 
cord  contain  fibres  which  preside  specially  over  the  movements  of  the  thorai.  Tl»* 
experiments  of  Vulpian  upon  this  point  are  conclusive.     If  the  Jaterni  '*^ 

tIfKin  one  side  at  about  the  third  or  fourth  cervical  vertebra,  there  i**  >  '*' 

blement  of  the  nmsclcs  of  the  thorax  upon  the  corresponding  side,  but  ihore  is  oi^  (wirli*! 
\mH  of  power  in  the  limbs,  which  is  more  markinl  in  the  anterior  extremity*  Tl"* 
diminution  in  power  in  the  tlioracic  muscles  is  sudi  that,  in  ordinary  traniinil  rcspimtioOi 
the  side  corresponding  to  the  section  does  not  move;  but,  in  difiicult  respiration  <>r i** 
crying,  the  movements  are  \ory  ijiarked. 

Decumation  4*f  the  Motor  Conduct&rt  of  the  Cdfel,— Well-established  anatomkftl  t^ 
pathological  facta  show  conelnsively  that  there  is  a  complete  decussation  of  the  moU^r 
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i^oQtlnctors  of  the  cord ;  so  that  tLe  stimnlus  of  volition  geuerated  in  one  l«t«jral  half  of 
llie  brain  alwars  pasties  to  the  opposite  lialf  of  the  body*  If  a  ksion  occur  in  the  Lrain 
opon  one  sidt%  so  wi  to  produce  total  paralvHis  of  nu^tion,  tlie  ojipusite  *ide  of  the  body  is 
paralyzed,  while  voluntary  motioa  h  abKolutoly  intact  on  the  i*ide  corresponding  to  thtf 
It^ury.  In  the  anterior  pynuiiid/^  of  the  ineduJhi  ohlon^nta^  the  decussi^ation  of  the  fibres 
U  easily  demonstrated  anatomically.  In  view  of  these  fact?!,  concerning  which  there  is 
no  difference  of  opinion,  it  only  remains*  to  show  by  phys^iological  experiments*  that  decus- 
sation actnally  (ake^  phice  at  the  medalla  oblungatii,  and  to  subndt  to  the  same  incthtHl 
of  inquiry  the  following  important  tjucHtion :  As.stintint?  that  croHsing  of  motor  fibre*  takes 
place  at  the  medulla,  is  t\m  the  f^ole  scat  of  dccu^ation  of  tbesie  fibres,  or  doe i>  1 1  also 
Luke  plflco  in  certain  portions  of  the  cord  below  i 

The  question  of  decussation  at  the  medulla  oblon;^^ata  is  easily  answered.  In  the  first 
placev  we  have  the  cros^d  action  in  hemijdegia  and  the  ea^sy  anatomical  demonstration 
of  the  decussating:  tibres.  The  experimental  confirmation  of  these  facts  \»  not  so  simple, 
for  Iho  reason  that  animals  survive  operations  tijM»ri  the  medulla  oblongata  for  a  very 
^OTi  time.  As  far  a^  can  be  learned,  however^  from  the  latter  mode  of  inquiry,  the  eon- 
elnaions  drown  from  anatomy  and  pathology  are  iully  sustained.  If  the  medulla  be 
exposed  in  a  livinj?  animal,  and  '*  if  a  section  is  made  longritudinally  just  at  tlie  place  of 
the  decussation  of  the  anterior  pyramids,  so  as  to  divide  completely  all  of  the  decussating 
elements,  wo  find  that,  although  the  animal  lives  ssome  time  after  t!ie  operation,  it  has  no 
voluntary  movement  at  all  in  any  of  the  limt»s,  which  are  almost  always  the  seat  of  con- 
Ttihiona.'*     ( B  ro  wn-Seq  nard. ) 

Tho  question  of  decussation  of  motor  fibres  in  the  cord  itself  is  one  which  can  be 
•oitled  only  by  physiolc»pcal  experiments,  as  the  course  of  the  decuasatiuff  fibres,  if  they 
exist,  cannot  be  denn»nKtnited  anatomically.  It  is  remarkable  that  (ialen  submitted  this 
point  to  cxperimentiil  invej^tigation,  by  dividinjx  the  conl  longitudinally  in  the  median 
Uoe  in  the  lumbar  region*  This  oijcration  was  not  followed  by  loss  of  voluntary  power 
in  the  lower  extremities,  showiagf  that  the  motor  tibres  do  not  cross  the  median  line,  at 
least  in  this  portion  oi*  the  cord.  Recent  experiments  upon  the  cervical  portions  of  the 
cord  show  that  there  is  a  very  slight  decussation  of  motor  fibres  in  this  situation.  The 
first  observations  pointing:  to  this  conclusion  are  those  of  Brown-SCnjuard.  ** There  is 
always,  even  in  mammals,  after  a  transversal  section  of  the  whole  or  a  lateral  half  of  the 
spinal  cord,  at  least  some  appearance  of  voluntary  movements  in  the  side  of  the  injury, 
and  always  also  a  diminution  of  voluntary  movements  in  the  opposite  side;  so  that,  in 
animals,  there  seems  to  be  in  the  spinal  cord  a  decussntion  of  a  few  of  the  voluntary 
motor  conductors.  As  there  seems  to  be  no  such  dccnssittiou  in  man,  at  least  according 
to  several  patholo|rical  facts,  we  shall  not  insist  upon  its  existence  in  aninmls.'^ 

Van  Kempen  has  repeated  and  extendetl  the  very  remarkable  experiment  of  Galen, 
with  the  most  satisfactoiy  result;?.  Tliis  observer  mnde  a  median,  longitudinal  section 
of  ihii  cortl  in  dog;s  and  rabbits,  at  the  site  of  the  fiftli,  sixth,  and  seventh  cervical  vet- 
tebr;e,  **  This  experiment  was  ftkllowcd  by  partial  paralysis  of  voluntary  movements  in 
the  posterior  extremities,  so  that  the  animal  thns  operated  upon  moved  the  posterior 
Umbd  and  was  able  to  change  his  j)ositit»n.  without,  however^  being  able  to  raise 
Iiini««lf/* 

At  there  is  some  ditTerence  in  the  results  of  observations  upon  different  animals,  and 
as  deeasHating  motor  fibres  have  never  been  demonstrated  in  nmn,  it  is  impossible  to 
apply  the  ab<»ve  experiments  without  reserve  to  the  liuman  subject;  but  they  show, 
nevertheleas,  that,  in  niftmmals,  the  motor  columns  of  the  cord  probably  do  not  decussate 
tn  tlie  dorso-Iumbar  region ;  that  partial  decussation  occurs  in  the  cervical  ref?ion ;  and 

i  the  decussation  is  completed  in  the  anterior  pyramids  of  the  medulla  oblongata. 


Transmmion  of  Sfnsory  Impresalous  in  the   Cord. — ^Early  in  the  physioloj^ical  his- 

I  a  number  of  cxperij 
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seemed  to  lahow  that  tho  posti^rior  columns  of  the  cord  were  the  coDdoctora  of  senior 
iin|tressions  to  the  hraiii,  and  that  tho  antero-hiterfil  coluiuns  transtuitltd  the  mottT  stiitM 
ului*.     These  were  made  hy  applying  a  stiimilus  directly  to  the  cord  it:*elt     Longt^t  dis 
credited  obijervaliotH  made  by  dividing  ditt'trent  portions  ol'the  curd,  fur  the  reason  thj 
he  BUpposed  that  the  mere  operation  of  ex[>osing  tho  cord  and  of  removing  the  dur 
mater  was  followed  by  a  depre^ision  of  tbe  nervoua  action  sufficient  to  render  the  evidence 
of  sensibility  in  tbe  lower  extremities  scarcely  appreciable.     The  conclusions  drawn  frotij 
these  experiments  were  at  first  accepted  by  nearly  all  physiijlogical  writers,  and  it  wi 
generally  aduiitled  that  tho  transmisjsiou  of  sensory  impi-essions  was?  effected  solely  bj 
the  posterior  columns.     It  was  found  tliat  the  gray  matter  of  the  cord  was  both  inser 
sible  and  inexcitabk%  and  the  conduction  was  supposed  to  take  place  exclusively  through 
the  white  subst-ance.     Tbe  views  uf  Longet^  however,  were  in  direct  opposition  to  the 
of  Bellingeri^  who  claimed^  in   1823,  to  have  demou^^trated  by  experiment,  that  i^nnorfi 
impressions  were  conveyed  to  the  brain  exclusively  by  the  gray  substance  of  the  cordj 
and  that  sensibility  persisted  in  the  lower  extremities  after  complete  section  of  the  p<ii 
terior  white  columns. 

At  the  time  the  above-mentioned  expcriujonts  were  made,  our  knowledge  of  tho  prop-v 
erties  of  the  cord  was  very  incomplete,  and  it  was  diflicnlt  to  understand  how  any  of  il*»" 
tibres  could  conduct  sensory  impreKsjuns  and  yet  l>e  insensible  to  direct  stimulation  ;  but 
now  we  know  that  the  gray  matter  does  act  as  a  cunduitor,  and  yet  it  is  certainly  bseu^J 
Bible,     The  simple  questioDs  now  to  be  determined  are  the  following : 

1.  Does  or  does  not  the  white  j-ubstance  of  the  posterior  columns  of  tbe  cord  condoct 
sensory  impressioos  to  the  brain  ? 

2.  Does  the  entire  gray  substance  of  the  cord  act  as  a  conductor  of  sensation? 

3.  Do  both  tho  gray  matter  of  the  cord  and  the  white  substance  of  the  posterior  col-  j 
limns  act  as  conductors,  or  does  either  one  act  to  the  exclusion  of  the  other? 

These  <^iuestions  may  now  be  considered  as  definitively  answered  by  the  most  pobllivc  j 
and  unmistakable  results  of  experiments  upon  living  animals,  which,  while  they  rentier  \ 
the  precise  function  of  the  white  sul>st«nce  of  the  posterior  columns  to  a  certain  exleut 
a  matter  of  coiyecturc,  leave  no  doubt  with  regard  to  the  parts  of  the  cord  ^hich  actui 
conductors  of  sensory  iuipressions. 

The  experimental  answer  to  the  first  question  is  capable  of  but  one  construction.  If 
the  white  suhstttnce  of  both  posterior  columns  be  divided^  the  sensibility  of  the  post^utor 
extremities  is  not  diminished,  at  least  as  tar  as  can  be  shown  by  experiments  upon  ani- 
mals^ in  wJiieli  these  points  are  always  difficult  of  determination.  On  the  other  haiiJ^  tf 
every  portion  of  the  cord  be  divided  except  the  posterior  white  columns,  sensibility  t« 
completely  lost  in  the  parts  below  the  section.  The  accuracy  of  these  results  cannot  t« 
called  in  question,  especially  when  controlled  b^  experinjents  showing  the  conduotiai: 
properties  of  the  gray  substance  of  the  cord  ;  and  they  show  that,  whatever  may  L«  th*i 
functions  of  the  posterior  white  columns,  they  do  not  serve  as  conductors  of  scosary 
impressions. 

The  second  question  admits  of  an  erjually  positive  answer  fVom  tlie  result*  of  eatpcn- 
mental  inquiry.  If  the  entire  suhstancc  of  tlie  cord,  except  the  posterior  cc>lunini«f 
white  matter,  be  divided  transversely,  ns  we  have  just  seen,  sensibility  is  abolished  in  1*1^ 
parts  below  the  section;  but,  as  we  liave  stated  in  treating  iji^  the  transmission  of  aiotef 
stimulus  by  tho  cord,  voluntary  motion  is  also  destroyed.  Experiments  show,  fartlwr- 
more,  that  sensory  impressions  are  conveyed  exclusively  by  the  gray  substance.  "If  Uuf 
anterior,  the  lateral,  and  the  posterior  columns  of  the  spinal  cord  are  divided  transrerML** 
at  the  dursrtl  region,  one  set  at  one  place,  another  at  n  distance  of  one  or  two  inchtiy  ami 
the  third  also  at  the  same  distance  from  the  second,  so  that  tbe  r»nly  channel  of  comtno* 
nication  between  the  posterior  limbs  and  the  sensorium  is  the  gray  matter,  of  wldA 
however,  several  ]»arts  hiive.  unavoidably,  been  divided  (such  as  tho  anterior  ami  tlif 
posterior  gray  cornua,  and  ahso  more  or  less  of  the  central  gray  matter),  we  tind  that  lli« 
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Di*  Uinlm  are  stiil  seu^itivc^  though  evidently  le^s  thau  m  the  normd  contlitioti*^^ 
(Brown-Seqiiard.) 

It  is  impot.*»(hle  to  tlivkle  tho  grnj  matter  of  the  cord  olone,  without  iiyuring,  moro  or 
Icsa^  tiie  whit©  suh.qtttiicts  hut,  when  thu  gray  WtttttT  is  divided  with  very  slight  iiytiry 
of  the  whit«  sub»taDet*|  soiisibility  in  the  parts  below  the  point  of  section  is  totally 
dc-strorod.  A«  regurda  th©  part  of  the  gray  suhjjtunce  specially  concerned  in  Ujg  tnuis- 
iiiiasicia  of  sennory  impressions^  the  results  of  experimental  investigation  have  not  been  mj 
definite;  but  Brown-S^quard  is  of  the  opinion  that  the  traneinission  tnkefi  place  rhietly 
iQ  the  gray  matter  surrounding  tho  central  canal,  while  it  may  also  occur  to  some  extent 
in  other  portions. 

The  answer  to  tho  third  question  i^  deduced  from  the  answers  to  fho  tirht  two*  The 
gray  matter  and  tho  white  subHtance  of  the  cord  do  not  participate  in  the  transmission 
ot  sensory  impressions,  this  being  effected  by  tlio  gray  suLstance,  especially  its  central 
(lortion,  to  the  exclusion  of  tho  whit.e. 

The  precise  otliee  of  the  posterior  white  columns  of  tho  cord  is  still  a  matter  of  con- 
jecture. If  these  parts  be  insL'njtihle,  excejd  on  the  snrface  and  near  the  posterior  roots 
of  the  nerves,  and  if  they  take  no  part  in  the  transmission  of  seniw^ry  impre»Hions  to  the 
brain  f which  seems  to  have  been  ot)nelusively  proven),  what  is  tJieir  function? 

The  anatomical  relations  of  the  posterior  white  eolunjn8^  the  results  of  cxperixnenta 
upon  living  animals,  and  certain  well-marked  pathologieid  phenomena,  point  very  strongly 
to  a  connection  between  thesie  columns  and  the  coordinatiun  of  muscular  movements. 

Prchdbh  Funedofi  of  thi  Cord  in  Connection  uith  Munrular  Coiyrdinntion, — Anato- 
mi»t§  have  not  been  able  to  trace  satisfactorily  the  direction  of  all  of  the  fibres  contained 
io  the  posterior  colnrans ;  hut  it  is  probable  that  at  leai^t  some  of  these  fibres  serve  as 
lonjfituilinal  commissures,  and  connect  together  tlie  nerve-cells,  extending  for  a  greater 
or  less  distance  both  u[>war<l  and  downwjird  in  the  Ci>r<h  This  anatomical  arrangeinent 
is  reuderefl  probable  chieHy  by  the  result«  of  ex]>erimentH. 

If  the  posterior  colnnms  be  completely  divided,  by  two  or  three  sectiuna  made  at  Inter- 
val!* of  from  three-fourths  of  an  inch  to  an  inch  and  a  quarter,  tlie  most  prominent  effect 
ia  a  remarkable  trouble  in  locomotion^  consisting  in  a  want  of  proper  coordination  of 

vements. 

In  the  remarkable  disease  known  under  the  name  of  lot^omotor  atAxia,  there  is  a  very 
pccTiliar  condition  of  the  muscular  system,  in  which,  while  the  power  of  the  muscles  ia 
but  slightly  diminiiihed,  the  movement'^  of  progression  show  great  deficiency  in  coordi- 
nating powder,  frequently  attended  with  more  or  less  disturbance  in  the  sensibility  of  the 
part*  atfected.  These  symptoms  are  Associated  with  structural  disease  of  tho  cord,  gen- 
erally limited  to  the  posterior  columns  and  the  posterior  roots  of  the  spinal  nerves. 

Many  years  ago,  befjj>re  locomotor  ataxia  luul  been  generally  recognized  by  patholo- 
gist^ Todd  made  the  following  remarkable  statement  with  regard  to  the  posterior  col- 
QDins:  ^*  I  have  long  been  ira presided  with  tlie  opirtiun,  that  the  office  of  the  posterior 
oolmnns  of  the  spinal  cord  is  very  difierent  from  any  yet  assigned  to  them.  They  may 
be  in  part  commissural  between  the  several  segments  of  the  cord,  serving  to  unite  them 
tnd  harmoniie  thera  in  their  various  actions,  and  in  part  s^lbse^^^ent  U*  the  function  of 
the  cerebellum  in  regulating  and  coOrdiuating  the  movements  necessary  for  perfect  loco- 
motion/- Todd  farther  states  that  this  view  is  supported  by  the  phenomena  observed  in 
cases  of  disease  *'  dis+tinguished  by  a  diminution  or  total  loss  of  the  power  of  coordinating 
inoTcmentA,  ,  ,  .  In  two  examples  of  this  varioty  of  paralysis^  I  ventured  to  predict 
disease  of  the  posterior  columns,  the  diagnosis  being  foanded  upon  the  views  of  their 
fancthmfl  which  I  now  advocate  :  and  tbis  was  fonnd  to  exist  on  post-mortem  inspection  ; 
and  in  lor>king  through  the  accounts  of  recorded  cases  in  which  the  posterior  colamns 
were  the  Peat  of  lesion,  all  t^cemed  t<»  have  commenced  by  evineing  more  or  less  disturb- 
?iiiro  nf  th**  ItMoriiotive  powers,  sensation  being  afl'ected  only  when  the  morbid  change 
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of  structure  extended  to  and  more  or  less  involved  the  posterior  roots  of  tlie  ipsnft] 
nerves." 

It  is  only  necessary  to  add  that  the  \iew8  of  Tudd  have  been  in  the  tnaici  confirmed 
in  the  tjuinerons  cases  tif  locooiotor  utaxia  tliat  hnvo  lately  been  so  fully  desrril»e»l  by 
pathulogists* ;  and,  from  these  lucts,  it  is  tnoro  tinm  prohable  that  the  posterior  columns 
contain  tihres  connecting  the  different  seguienl^  of  the  cord,  and  that  they  play  aii  im- 
portant part  in  the  coordination  of  njtiscuiar  movements.  The  general  function  of  co<5r- 
ditifttlon  will  be  considered  more  fully  in  connection  with  the  cerebelhina* 


BeeuMation  of  ths  Senwr^  Conduet&rs  of  ths  Cord, — In  hemiplegia  doe  to  iiynry  of 
the  brain,  the  paralysis  occurs  upon  the  side  of  the  body  oppoijite  to  the  cerebral  leMon. 
The  phenomenon  ordinarily  observed  is  simply  paralysis  of  motion;  but  in  those  cases, 
htiwever^  in  which  both  luotioa  and  sensation  are  abolished  upon  one  side  of  tlie  body, 
the  lesion  in  tbo  brain  is  also  tbund  to  be  upon  the  opposite  sitle.  It  is  evident,  there- 
fore^  that  there  is  a  decussation  of  the  conductors  of  sensory  impressions  as  well  as  of 
the  conductors  of  the  motor  stimulus. 

As  early  as  1822,  Fod^-ra  made  a  longitodinal  section  of  the  spinal  cord  in  the  lombir 
region^  exactly  in  the  median  line.  In  this  experiment,  ''  geupatiun  was  destroyed,  and 
in  part  motion  ujion  the  two  sides.'"  Inasmuch  as  in  this  section  it  is  only  possible  to 
divide  the  fibres  passing  from  one  lateral  half  of  the  cord  to  tlio  other,  it  is  evident  that 
the  sensory  conductors  must  decussate  in  tlie  spinal  cord  itself*  As  fur  as  we  know,  thia 
is  the  first  experiment  pointing?  to  the  decussation  of  sensory  fibres  iu  the  cord,  the  ob- 
servations of  Galen,  to  which  we  liave  already  referred,  being  limited  to  ihe  phenomeoa 
of  motion. 

The  next  oxj)eriinents  bearing  upon  tho  decussation  of  the  sensory  conductors  in  tltc 
cord  are  tliose  of  Van  Deen.  Among  the  ntimeroiLs  observations  mside  upon  tlie  spinal 
cord  by  this  [diysiologbt,  are  one  or  two  in  whicli  he  noted  the  fact  that,  after  section  of 
one  lateral  half  of  the  cord  In  the  frog,  at  the  site  to  the  third  dorstil  vertebra,  "  tbv 
animal  had  no  real  loss  of  sensibility  in  the  pnsterior  extreuiity  on  tlie  side  on  which  the 
half  of  tbe  spinal  curd  had  been  cut."  Altliough  Van  Deen  did  not  distinctly  state,  as  ft 
conclusiou  drawu  from  these  observations,  that  there  is  decussation  of  the  sensory  con- 
ductors in  the  cord,  the  fact  of  seetinn  of  one  lateral  half  of  tbe  cord  with  no  losi  of 
sensation  on  the  corresponding  side  of  the  body  remains  as  one  of  the  first  experimental 
argtinionts  in  fiivor  of  the  crossed  action. 

Experiments  upon  living  animals  as  well  a^  pathological  facts  show^  that,  after  sectioil 
or  injury  confined  to  one  lateral  half  of  the  cord,  tbe  general  sensibility  nyion  the  cor- 
responding side  of  tho  body  is  very  much  exaggerated,  producing  a  condition  of  well* 
marked  hypera?stbeHia.  This  remarkable  fact  was  distinctly  noted  by  Fod6ra,  in  1822. 
Thk  observation  has  been  confirmed^  and  the  experiments  very  much  extended,  by 
Brown-S6quard.  Cases  presenting  the  same  phenomena  have  also  been  observed  in  the 
human  subject,  when  one  side  of  the  cord  has  been  iuvaded  hy  disease. 

PhyMologists  are  at  a  loss  to  expluin  the  hyperiesthesia  which  follows  fiection  of 
sensory  conductors  of  the  cord,  but  the  fact  nevertheless  remains.     The  exaggeration  ol 
sensibility  i**  not  due  to  section  of  certain  fibres,  which  might  be  supposed  to  increase  th 
impressibility  of  the  remaininrf  fibres,  for^  as  was  shown  by  Vulpian.  it  is  siifiieient  t4l^ 
prick  with  a  pin  one  of  the  lateral  halves  of  the  cord  to  observe  these  remarkable  phe- 
nomena.    With  these  few  words,  we  shall  leave  the  subject  of  hypentsthcsia  from  iiynry 
to  the  cord,  and  pass  to  the  crossed  action  of  its  wnsory  conductors. 

In  trcAling  of  the  cord  as  a  conductor  of  sensory  impressions,  we  have  already  diowa 
that  this  function  is  performed  by  tbe  gniy  subi^tance  alone.  We  have  also  seen,  in  ooo- 
nection  with  tbe  phenomena  of  conduction  of  the  motfir  stininlns,  that  this  is  t^lfected  by 
the  antero-lateral  columns,  which  do  not  act  as  sensory  conductors,  except  by  virtue  of 
their  gray  matt^^r.     As  it  is  impossible  to  divide  the  gray  matter  with  certainty  without 
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Ii^uriDg  tlie  vvlute  substance^  imd^  ns  we  are  folly  iicqumntcd  with  tbe  motor  properties 
of  the  conl^  we  ure  prepiired  to  coi)q»rt*hcrKl  the  effects  munri  tuu^luctioii  of  sensorj?  im- 
prctA6toD8  which  follow  ilivbion  or  otie  or  the  other  kteral  half.  In  oiir  detail  of  experi- 
ments, we  s*hall  not  ctmsider  the  phenomena  of  hypertesthefido,  but  contlne  ourselves  to 
the  \*y^  or  diminution  of  sensibility^ 

Brown-S^qimrd  was  thti  lirst  to  demonstrate  decussation  of  the  eensory  condnctors  in 
cord  itBcll':  and,  although  his  ex[>erimenl^  upon  this  Mibject  are  jilnio^t  innumernblef 
his  writings,  R'iiltered,  voluminoQa,  und  sonietiiuts  not  iVee  from  tht*  uhscurity  due 
to  uiiapccssary  retinoniont  und  tluborateness  of  detail,  the  niaiu  f?w!ts  can  be  expressed  in 
a  very  few  words;  and  ho  iivay  justly  be  wiid  to  have  created  tfie  ph^siulo^y  of  the  sen- 
sory ci>nd  actors, 

Brown*S^*qnard  repeated  the  osperimenU  of  Gulen  und  of  FmU'ra,  dividing  the  cord 
longitudinally  in  the  median  line,  prodnciDg  complete  paraly&is  of  sensation  upon  both 
i«fi  in  all  the  parts  below  the  section*     IS)*  thlia  optratiou,  if  the  section  had  been  made 
nratdy  in  the  median  line,  the  only  tibres  that  could  be  divided  were  those  passing 
Trom  one  side  of  the  cord  to  tlie  other* 

The  second  experimental  proof  ot  the  deeut^ation  of  sensory  fibres  conisists  in  trans- 
vcr»i»  section  of  one  or  the  other  of  the  latcrul  halves  of  the  eoi-d,  Jf  one  lateral  half  of 
the  oord  be  divided^  sensibility  is  abolisihcd  in  the  parts  below  the  section,  upon  the  oppo- 
site  side  of  the  body.  In  an  article  published  in  1858^  Brown-S^ijuard  details  very  snc- 
cinctly  an  experiment  showing  this  fact,  though  liis  tirst  experiments  were  made  In  134U. 
He  denuded  the  cord  in  the  lumbar  region  in  a  vigorous  dog,  and  made  sections  upon  one 
ie,  progresi^ively  deeper  and  deeper,  from  without  inward*  When  the  section  included 
ut  one-third  iA'  the  lateral  half,  the  sensibility  aeeiued  blightly  augmented  upon  the 
opjiosite  side.  This  section  involved  only  a  part  of  the  lateral  white  colaiiin  imtl  a  small 
puftion  of  the  anterior  cornu  of  gray  matter.  Wlien  the  section  was  extended  so  m  to 
involve  about  two-thirds  of  the  lateral  half,  the  sensibilitv  was  notably  dimininbed  u(M»n 
the  opposite  side-  When  the  section  extended  to  the  median  line,  the  sensibility  wa^ 
very  much  diminished ;  and,  when  it  extended  just  beyond  the  median  line,  it  was  entirely 
atjoliohed  upon  the  opposite  side.  These  observations,  and  others  of  the  same  nature, 
*how  eunclusiveJy  that,  in  the  aninmh  experimented  upon  at  least,  there  is  a  decussation 
of  the  greatest  part  of  the  sensory  conductors  in  the  cord  itself. 

The  course  of  the  fibres  an  their  decussation  is  indicated  by  fartlier  experiments,  wliieh 
w  that  the  sensitive  fibres  from  the  posterior  rootn  of  the  nerves  *'  pass  along  the  pos- 
ior  columns  only  a  little  way,  and  leave  them  to  enter  the  central  gray  iriattcr/*  It  i» 
undoubtedly  in  this  gray  substance  that  they  pass  from  one  side  to  the  other,  probably 
through  the  cell-prolongations.  The  fact  tljat  the  iihres  pai^s  in  the  cord  n  short  distance 
before  they  decussate,  and  that  they  pass  downward  as  well  as  upward,  is  well  shtiwc  by 
the  following  experiment: 

**  If  we  divide  transversely  a  lateral  half  of  the  spinal  cord  in  two  places,  so  as  to  hftre 
three  pairs  of  nerves  between  the  two  sections,  we  find  that  the  middle  pair  has  almost 
tlic  «ame  degree  of  sensibility  as  if  nothing  had  been  done  to  the  spinal  cord,  wliile  the 
iwrt  other  pairs  have  a  diminished  sensibility,  the  upper  one  particularly  in  its  upper 
rO(»ts,  and  the  lower  one  in  its  lower  roots ;  which  facts  seem  to  show  that  the  a>*cending 
fibres  of  the  upper  pair,  and  the  descending  fibres  of  the  lower  one,  have  been  divided 
^fore  they  had  made  their  decnseation. 

**  If  there  is  only  one  pair  of  nervea  between  two  s€<>tion9,  its  sensibility  is  almost 
^tirely  lost,  as  then  the  transversal  fibres  are  idmost  alone  uninjured  (mf»Ht  of  the  asc^end- 
^  and  descending  being  divided),  which  fibres  are  emph>yed  for  ret! ex  action,  and  hardly 
W  tho  transmission  of  aen^iitive  im| sessions/*     (Brown-Sequard.) 

The  experimental  facts  just  citvd  conclusively  show  decussation  of  aensory  conductors 
'^  fh©  cord  in  the  animals  operated  upon;  and  this  has  been  suflRciently  confirmed  by 
**^ her  experimenters  to  render  the  fact  certain.     It  is  possible  that  the  crossed  action  may 
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not  be  so  complete  in  some  other  classes  of  aniroalfl,  which  would  aceouut  for  tlie  rcsdu 
obtained  bj  those  who  have  dented  decussation;  but  easea  of  disease  of  tlie  ci»i"d  to  lliu 
human  snhjeet  all  go  to  show  that  the  crossed  action  la  complete  in  man. 


Summary  of  the  Action  of  the  Spinal  Cord  as  a  Conductor, 

The  antcro-latoral  columns  of  the  card,  c!otnprisinp  that  portion  included  between  fne 
anterior  median  HssJtire  and  the  orig^in  of  the  posterior  roots  of  the  nerves,  are  insenMhlc 
to  direct  irritation,  aod  aerve  aa  eonduetors  of  the  motor  etimulufi  from  the  brain  to  Ibe 
anterior  roots  of  the  nerves  If  these  columns  be  divided,  voluntary  motion  is  lost  in  all 
parts  below  the  section.  If  the  rest  of  the  cord  be  divided,  leaving  the  anterolateral  col 
umns  intact^  the  power  of  voluntary  motion  remain!^.  Throughout  the  greater  part  of  tlic 
cord,  this  action  is  direct^  and  division  of  the  antero-lateral  columns  upon  one  eide  pro- 
dnces  paralysis  of  motion  upon  the  corresponding  side  of  the  body.  There  is  a  decaaa- 
tion  of  the  motor  fibres  at  the  medulla  oblongata,  and  probably  a  partial  docut*»ution  In 
the  cord  itself  in  the  upper  cervical  region.  In  the  dorsal  region  and  below,  the  motor 
conducting  fibres  are  situated  chietly  in  the  anterior  columns;  but^  in  the  cervictij  re^oo, 
these  fibres  pass  to  the  sides  and  are  contained  chietly  in  the  lateral  ccjlumn*.  The  coa- 
doction  of  motor  stimulus  is  probably  not  ellected  exelusiTcly  by  the  white  substance^ 
but  is  transmitted  in  part  by  the  gray  matter* 

The  gray  substance  of  the  cord  ijerves  as  the  medium  of  transnns&jon  of  sens4>ry  im- 
pres^ons  to  the  brain.  This  is  eti'ected  ehiefiy  by  tlie  gray  matter  surrounding  the  central 
canal,  but  it  may  take  place  to  some  extent  in  other  portions.  If  the  entire  gray  matter 
he  divided,  with  but  slight  injury  to  the  white  substance,  sensation  is  lost  in  all  parti 
situated  below  the  section.  The  white  substance  does  not  conduct  sensory  imjires^ioas 
to  the  brain,  either  in  the  antero-lateral  or  the  jtosterior  columns*  The  most  probaUc 
function  of  the  white  substance  of  the  posterior  columns  is  to  nnito  the  different  seg- 
ments of  the  cord  together  by  longitudinal  coiiimissoral  fibres;  and  this  portion  of  tKt 
cord  has  im  important  influence  in  co<'>rdinating  the  muficular  raovenienta. 

The  sensitive  nerve-fibres  from  the  posterior  roots  of  the  qdnal  nerves  pa^fl  in  the 
cord  for  a  short  distance  upward  and  downward.  They  then  penetrate  the  gray  mattc-r 
and  decussate  throughout  the  entire  length  of  the  cord.  Divinion  of  one  hitenil  half  of 
the  cord  is  followed  by  eoinplete  paralysis  of  motion  upon  the  corresponding  aide  of  thw 
body  in  all  parts  below  the  section,  by  antesthesia  in  all  parts  below  the  section,  upon  this 
opposite  side  of  the  body,  and  by  byperflpsthesia  in  the  parts  below  the  section,  opon  the 
corresponding  side  of  the  body. 

The  anatomical  points  bearing  upon  the  physiological  action  of  the  cord  arc  the  fol» 
lowing: 

The  fibres  fron]  the  anterior  roots  penetrate  the  anterior  gray  cornna  directly  and  htt 
in  immediate  connection  with  the  prolongations  of  the  motor  cells.  The  niotcir  ci  ll«  al^ 
have  prolongations  which  ]>ass  to  tlje  bruin  in  the  white  substance.  The  motor  tibreB 
are  thus  directly  connected  with  the  cellular  structures  in  the  cord  (the  clomenta  pfob* 
ably  concerned  in  reflex  movements)  and  the  cells  are  in  connection  with  conducting 
flbree  to  the  brain.  , 

The  fibres  from  tlie  posterior  roots  take  several  directions.  Some  of  tbem  p05a  to  the 
gray  substance.  A  }»ort:on  passes  to  the  posterior  cohimns,  some  extending  upwanl  and 
others  downward.  Tiie  decussation,  which  is  rendereil  certain  by  physifdogicaJ  cxpcn* 
mcnts,  has  not  been  satisfactorily  followed  by  anatomists.  It  imdoubti  dly  takes  place 
chierty  in  the  gray  substance,  prolmbly  in  part  by  a  crossing  of  the  fibres  tbemselve«, 
and  in  part  by  a  crossing  of  prolongations  from  the  cells  with  which  certain  fibres  from 
the  posterior  roots  are  connected. 
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Art  inn  uf  the  Spimd   Cord  aj*  a  Nerve- Centre, 

It  baa  long  been  known  tluit  di^eapitation  of  animals  does  not  immediately  arrest  mas* 
cal&r  action  ;  and  tbt*  nioveiuent^  ob8erved  after  thia  mutilation  preaont  a  certain  degret> 
of  regalarity^  and,  of  late  years,  have  been  shown  to  be  in  accordance  with  well-defineii 
laws.  Under  tht*se  conditions^  tjie  reg:nlation  of  such  movomentB  m  etfeeted  through  tho 
iifiiDttI  cord  and  the  nerves  connected  with  it.  If  tin  animal  be  ducapilated»  Ivaviug  only 
iho  cord  and  its  ntrvef*,  there  is  no  sicDsation,  for  the  parts  capable  of  appreciiiting  sensa- 
lioD  are  absent;  nor  are  there  any  tnie  voluntary  moveiueut^j,  as  the  organ  of  the  will  ia 
destroyed.  8tilh  in  decapitated  animals,  tlie  sensory  nerves  are  for  a  time  capable  of 
eatidcicting  impressions,  and  the  motor  nerves  can  transmit  a  stimulus  to  the  muscles; 
but  the  only  part  capable  of  receiving  an  impression  or  of  generating  a  motor  stimulus  ia 
tlie  gray  matter  of  the  cord*     If,  in  addition  to  the  removal  of  oil  of  the  encephalic 

glia,  the  cord  itself  be  destroyed,  all  rao^^ments  of  voluntary  muscles  are  abolished, 
pt  us  they  may  he  produced  by  direct  slimulatiou  of  the  muscular  tissue  or  of  indi- 
^dnal  motor  nerves. 

We  must  regard  the  gray  matter  of  the  brain  and  spinal  cord  as  a  connected  chain  of 
ganglia,  cjipable  of  receiving  impressions  through  the  sensory  nerves  and  of  generating 
the  so-eulled  nerve-force.  The  great  cercbro-spinal  axis,  taken  as  a  whole,  has  this  gen- 
eral function ;  but  some  parts  have  separate  and  distitict  properties  and  can  act  intle- 
pcmdentJy  of  tlie  others.  The  cord,  regarded  as  a  eondoctor,  connects  the  brain  with  the 
part*  to  irhicb  the  spinal  nerves  are  di5itnbute<l.  If  tlie  cord  be  separated  from  tho 
brain  in  a  living  animal,  it  may  act  as  a  centre,  independently  of  the  brain ;  but  tho 
^ticephiUon  has  no  communication  with  tho  parts  snjjplied  with  nerves  from  the  cord,  and 
it  ran  only  act  upon  the  jiarts  whirh  receive  nerves  from  the  l>niin  itself. 

Il  has  been  pretty  clearly  shown  that,  when  the  cord  isseprtrated  from  the  encephalon, 
on  impression  made  upon  the  general  sensory  nerves  is  conveyed  to  its  gray  suhstance, 
aznl  is  transformed,  as  it  were,  into  a  stiumlus,  which  is  transnjitted  to  the  voluntary 
mtiselcs,  giving  rise  to  certain  movements,  independently  of  sensation  and  volition. 
TUi^  impression  is  said  to  be  reflected  back  from  the  cord  through  tho  motor  nerves; 
and  the  movements  occurring  under  these  conditions  are  called  retlex.  As  they  are 
movements  eJtcited  by  stimulation  of  sensory  nerves,  they  are  sometimes  called  excito- 
motor. 

The  term  reflex  may  properly  be  applied  to  i\ny  generation  of  nerve- forco  which 

!ors  as  a  consequence  of  an  impression  received  by  a  nerve-centre ;  and  reflex  phe- 
nomena are  by  no  means  confined  to  the  action  of  the  spinal  cord.  The  movements  of 
tho  Iris  are  reflex,  and  yet  they  take  place  in  many  instances  without  the  intervention  of 
the  cord.  The  movements  of  respiration  are  reflex,  and  these  are  presided  over  by  tho 
medullii  otdongata,  Movements  of  the  intestines  and  tho  involuntary  muscles  generally 
aro  rctJex,  and  they  involve  the  action  of  the  sympathetic  system  of  nerves.  Impressions 
made  upon  tho  nerves  of  special  sense,  as  those  of  suit  11,  sight,  hearing,  etc.^  give  rise  to 
cprtain  trains  of  thought.  These  involve  the  action  of  the  hrain,  but  still  they  are  reflex. 
In  thii  last  example  of  reflex  action,  it  is  sometimes  difficult  to  connect  the  operations  of 
the  mind  with  external  impressions  as  an  exciting  cause;  but  it  is  evident,  from  a  little 
reflection,  that  this  is  often  the  case.  This  fact  Is  illustrated  by  operations  of  the  brain 
whielj  take  [dace,  as  it  were,  without  consciousnes**,  as  in  dreams.  It  has  been  clearly 
shown  that  a  particular  direction  may  be  given  to  the  thoughts  during  sleep,  by  impres- 
sions made  Qpou  the  sense  of  hearing,  A  [jcrson  sleeping  may  he  made  to  dream  of 
ecrtaln  things,  as  a  consequence  of  liearing  peculiar  noises.  Examples  of  this  kind  of 
mentAJ  reflex  action  are  sutficiently  numerous  and  well-authenticated. 

From  the  above  considerations  it  is  evident  that  the  term  retlex  may  be  properly  used 
If]  connection  with  many  phenomena  involving  the  action  of  the  sympathetic  system  and 
orf  the  brain ;  but  it  is  generally  understood  as  applying  especially  to  involuntary  move- 
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iiients,  occurring  witbout  conaciotisoess,  ns  the  result  of  impressions  made  npon  the  uflV- 
rent  nerves  and  involring  the  isdependent  action  of  the  spinal  cord* 

Beflex  Action  of  the  Spinal  Cord,— In  1833  and  1833,  Mareliall  Uall  described 
Dilnatel J  the  movements  which  take  place  in  decApituted  animuls  as  n  consequence  of 
fttimnlation  of  the  Hcnsory  nerves,  and  ha  formularized  tljese  phenomena  under  t|je  Uend  of 
*'  the  reflex  function  of  tlie  medulla  oblongata  and  medulla  spinalis/'  Sinre  lhi>  puhlica- 
tion,  a  new  interest  has  been  attached  to  the  writingii  oi"  some  of  the  older  pbyf^it<!o|n5ts, 
in  which  reflex  action,  as  it  ia  wow  iinderstotKl^  had  In  tn  nientiooed  »nure  or  IfS*  deli* 
nitdy.  Id  the  historj"  of  important  advances  in  phvsitjlogical  knowledge,  it  has  often 
been  the  case  that  discoveries  have  been  forealiadowed  bv  the  earlier  writers;  and  bibli- 
ographical re$«carch  shows  that  the  literature  of  the  cord  as  a  nerve-cjcntre  forms  no 
exception  to  this,  which  is  almost  the  rule.  Some  of  the  allusions  to  the  cord  as  a  cenlr* 
of  reflex  action,  nmfle  anterior  to  1833,  are  Vague  and  indefinite;  but,  on  the  otlier  h^nd^ 
certain  exctto-motor  actions  were  very  accurately  described  by  Legallois,  ns  early  «§ 
1812.  Marshall  Ilall  trruujjed  and  clitWilied  these  phenomena  and  showed  ihdr  relations 
to  the  cord  us  an  independent  centre ;  but  he  has  no  claim  to  the  title  of  the  discorercr 
of  reflex  nction,  and  his  experi  iients  themselves  presented  little  that  was  really  new. 

The  experimeiiti^  of  Mar^ihall  Hull,  published  in  1832  and  1833,  are  familiar  to  cverv 
physiologist,  as  supplying  nearly  all  of  the  omissions  of  previous  observers.  The  points 
which  he  assumed  to  have  ex p crime o tally  demonstrated  by  his  researches  oro  the  follow- 
ing:  A  decapitated  arnmal,  the  only  part  of  the  eerebro-f]iinal  axis  which  remains  being 
the  spinal  cord,  will  make  no  movements,  if  completely  protected  from  all  external  im* 
presaions.  An  im|>^^^*'i<^ii  niade  upon  the  sensory  nerves  of  a  decapitated  animal  Is 
reflected  by  the  cord,  thrmigh  the  motor  nerves,  to  the  muscles,  and  gives  rise  to  reli«x 
movements.  If  the  cord  be  destroyed,  no  movements  follow  stimulation  of  tho  9nrf»cc. 
If  the  centripetal  and  the  centrifugal  nerves  be  divided,  no  reflex  movements  can  lake 
place.  Experiments  upon  deca[»itated  animals  accord  with  the  results  of  ob§ervatiiuis 
upon  acephaloua  fretuaes  and  in  cases  of  complete  paraplegia  from  iiyurj'  to  the  cord, 
AH  of  the  involuntary  movements  observed  tn  the  healthy  body  are  explained  by  tbo 
theory  of  reflex  actiun*  These  observations  of  Marshall  Uall  w*ere,  iu  tlie  maio^  con* 
Armed  by  Miiller,  in  the  year  succeeding  tlicir  flrst  publication  ;  and,  by  ttorn©  writcns, 
the  credit  of  the  discovery  of  the  mechanism  of  reflex  action  is  given  to  botli  Multer  and 
Marshall  IlalL 

From  the  point  of  view  whifh  the  present  condition  of  science  enaidcs  ns  to  taJce  wiUi 
regard  to  the  reflex  action  of  the  cord,  we  have  to  deterraino  the  accuracy  of  the  ob«cff* 
vfttions  of  Harslmll  Hall,  iind  to  f«dlow  out  the  advances  that  have  been  made  by  mow 
recent  observers.  It  is  important,  as  the  lirst  step  in  our  inquiry,  to  nsrertnin  ihe  rxact 
condition  of  decapitafcd  animals  as  regards  their  capacity  for  muscular  movement*;  in«l 
npon  Miis  point  there  is  some  diflerence  of  opinion,  Marshall  Hall  thought  that  an 
animal  (a  fVog,  for  example)  after  dccnpitation,  was  incapable  of  atiy  voluntary  iiiote< 
ment,  or  of  any  movement  which  did  not  have,  for  its  exciting  cause,  an  cxtemtl 
impression.  We  take  the  example  of  frogs,  because  these  are  the  animals  mo^  coir* 
monly  used  by  experimenters. 

All  who  have  experimented  upon  frogs  have  seen  them  jump  about  vigorously  oUar 
decapitation  ;  and  the  question  whetl.er  these  be  spontaneous  ntoviineDts*  so  called,  6f 
an  excito-motor  action,  is  more  difficult  to  determine  than  woubl  at  first  sight  tippcar. 
It  would  be  unphilosophical  to  assume  that,  because  the  animal  has  been  decftpitatc<l,  ilic 
movements  are  due  to  external  impressions  only,  if  we  use  this  as  evidence  against  Uic 
possibility  of  spontaneous  movement*  under  these  conditions.  The  obvious  necessity  pf 
the  argument  is  to  renjove  all  possibility  of  external  impressions  or  of  irritation  of  Uie 
cord  itself.  Upon  thia  point,  wo  can  only  speak  positively  from  otir  own  experiments 
If  a  frog  be  decapitated,  so  as  to  leave  only  the  spinal  cord  intact,  If  we  wait  tor  from 
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ir6c  minutes  until  the  efTects  of  the  shock  and  local  irritation  have  snli»i«U'd,  if 
we  tht?u^  when  the  anirnul  has  become  perfectly  quiet^  co%er  it  with  n  bcil-gh-uiST  and 
finally^  if  wo  remove  all  possibility  of  jarring  the  table  on  which  the  aniniul  is  placed^ 
there  i^  no  movement  of  muscles.  In  making  an  experiment  of  thi»  kind,  we  ot-cjisionally 
fee  movements  which  are  due  to  a  very  feeble  impression,  ench  as  a  breath  of  air  or  a 
jar  from  the  Btreet^  hut  wliieh  is  perfectly  evident  Lo  the  observer;  and^  wben*a  move- 
ment is  once  made^  this^  j^ivcs  rise  to  auotiiur  impression^  and  thus^  sncceg^ive  actions  of 
tJie  mnscles  may  take  place.  The  movements  in  jumping  are  so  simple  that  they  seem, 
sometimea  nnder  these  conditions,  to  lie  voluntary.  The  effect  of  feeble  excitations  i» 
iiho  very  marked  in  aniuinls  i^oisoned  with  etrycdmine ;  but,  even  here,  we  do  not  hare 
movements  nnlcsji  im  impression  he  tirst  made  upon  the  sensory  nerves.  IV hen  we 
oome  to  experiments  upon  the  mammalia^  there  can  hardly  bo  any  question  of  this  kind; 
for  here,  as  the  rule,  no  movements  are  observed  after  tlic  enccph»lic  gan^jlia  have  been 
tovcd,  unless  the  sensory  nerves  be  pretty  strongly  stimulated.  Analnjtroiis  phenomena 
observed  in  the  lower  extremities,  in  cases  of  paraplegia  in  the  liuraan  subject. 
The  next  injportant  question  to  determine  is  with  regard  to  the  nature  of  nuivementa 
excited  by  external  stimulation  in  decapitated  animals,  especially  frogs ;  for  some  of  these 
movements  are  so  regular  a.^  to  appear  to  be  connected  with  sensation  and  volition.  The 
experiments  oi*  PtlQger  u[>on  tiiiii  point  are  very  remarkable.  These  have  been  repeatedly 
confirmed,  and  there  can  be  no  doubt  with  regard  to  tliolr  accuracy.  Ptluger  carefully  re- 
ived from  a  frog  the  entire  oncephalon,  lea\  mg  only  the  spinal  cord.  He  then  tont-hed 
e  surface  of  the  thigh  over  the  inner  condyle  with  acetic  acldj  to  the  irritution  of  which 
frogs  are  peculiarly  sensitive.  The  animal  thereupon  rubbed  the  irritated  surface  with  the 
foot  of  the  aame  s;ide,  apparently  ai>preciating  the  locality  of  the  irritation,  and  endeavor- 
ing, by  a  voluntary  effort,  to  remove  it.  The  foot  of  this  side  waa  then  jmipntnted,  and 
the  irritation  was  renewed  in  tlie  same  place.  The  animal  made  an  ineffectual  eff<>rt  to 
reach  the  spot  with  the  amputated  member,  and,  failing  in  this,  after  some  general  movo- 
lueiits  of  the  limbs,  rubbed  the  spot  with  the  foot  of  the  opposite  side.  Although  this 
exi>eriment  does  not  always  progress  precisely  in  the  manner  described,  it  has  succeeded 
perfectly  in  so  many  instances  as  to  lead  some  physiologists  to  conclude  that  sensation 
and  volition  are  not  entirely  abolished  by  removal  of  the  encephalon,  at  least  in  frogs. 

The  remarkable  phenomena  just  detailed  are  to  be  regarded  from  two  point^^  of  view* : 
firnt,  with  reference  to  their  bearing  upon  the  question  of  the  existence  of  perception  and 
volition  in  the  spiuFd  cord  of  the  frog;  and  second,  the  question  of  the  application  «'f 
the^c  phenomena  to  the  physiology  of  the  cord  in  man  and  the  higher  classes  of  anfmals. 
The  conditions  of  the  experiment  in  the  frog  are  Bimply  these  :  Instead  of  exposing  the 
imrfacc  to  a  single  and  instantanouus  stinuilation,  the  exeito-motor  effects  of  which  are 
itierved  as  a  direct  response  to  the  irrittitton  and  immediately  cciise,  we  have,  by  tJie 
plication  of  acetic  acid  to  the  surface,  a  prolonged  impresf^ion  upon  the  sensory  nerves, 
•irhich,  by  rirtoo  of  the  anatomical  connections  between  the  different  parts  of  the  cord, 
m  probably  dispersed  throughout  the  entire  spinnl  axis,  Thnt  powerful  impressions  may 
be  thus  disper*.ed,  there  can  be  no  doubt,  as  we  shall  see  farther  on.  The  phenomena 
under  cousiileration  certainly  point  to  an  appreciation  by  the  cord  of  the  locality  of  a 
powerful  impression,  and  this  could  be  manifested  in  an  animal  only  hy  an  apparent 
muscular  etfbrt  to  reach  the  irritated  spot;  but  we  can  hardly  reason  from  this  fact  that, 
in  man  and  the  higher  animals,  the  spinal  cord  shares  with  the  brain  the  power  of  appre- 
ciating what  we  know  as  sensation  and  of  generating  the  stimulus  of  true  voluntary 
movement.  If  a  sudden  and  very  powerfid  painful  impression  be  made  upon  the  surface 
in  miin  under  normal  conditions,  the  hand  may  Lo  instantly  npplieti  to  tlie  affected  part, 
Bpparently  before  we  really  appreciute  the  pain  or  have  time  to  make  a  distinct  effort  of 
Ujc  will ;  but  the  connections  between  the  different  parts  of  the  cerebro-spimil  axis  do 
Slot  permit  ns  to  isolate  the  action  of  the  cord.  Certain  it  is  that,  in  the  higher  animals, 
iiftier  retnovftl  of  the  encephalon,  and  in  experiments  upon  decapitated  criminals  and 
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pfttienta  suflTeriog  from  pftraplegia^  tliere  h  no  evidence  of  trac  scDsation  or  %*oljtion  in  the 
siiinal  cord ;  and,  in  man  and  the  higlicr  animiiU^  we  ninst  regard  all  musonlar  movenitfnts 
whi«'h  depend  solely  upon  the  action  of  the  curd  as  a  nerve-centre  as  aotomatio  ftfit) 
entirely  inde[>endent  of  conscioasnest*  and  of  the  wilL  fiiAMo^f 

It  h  easy  to  detenjiine^  by  experiment*  to  which  we  have  already  incideii tally  nil uded. 
that  the*  mu^ular  uiovementis  dependent  upon  nervous  action,  occurring  in  decaidl;iti«<J 
jtnimab,  are  duo  to  the  action  of  the  a[iinu]  cord  as  a  nerve-centre.  In  an  animal  to  whirti 
the  retlex  phenomena  are  very  niarkeci^*  a.^  they  are  after  decapitation,  egpecially  if  the 
iinimal  be  poisontid  with  strychnine  or  opiunj,  all  roovenients  immediately  cease  when 
the  cord  is  destroyed.  That  tlie  ^nvy  matter  of  the  cord  is  the  part  concerned  as  &  centre 
in  the  production  of  tlieHc  phenomena,  ia  probable^  in  view  of  wlmt  we  know  with  regard 
to  the  general  functions  and  properties  of  tiiis  aubstjincc;  and  expcriuicntt*  bave  £<bt>wn 
that  this  is  the  fact.  If,  in  a  decapitated  frog,  wo  make  an  inconiidfte  longitudinal  sec- 
tion of  the  cord  in  the  median  line,  leaving  only  a  slight  comttinnication  between  tlie  two 
aides,  we  may  sometimes  succeed,  by  strongly  irritating  the  skin  of  one  leg,  in  producing 
reflesL  niovenienta,  not  only  in  the  same  leg,  but  in  the  leg  of  the  opposite  side ;  and  it  It 
reasonable  to  snppose  that  the  irritation  is  propagated  from  one  side  to  the  other  throiii;L 
the  cells  of  the  gray  matter. 

The  cooditioDs  essential  to  the  manifestations  of  reflex  phenomena  depend ing  upon 
the  action  of  the  cord  are  very  siniple  and  easily  understood. 

In  the  first  place,  it  is  necessary  that  one  or  more  of  the  posterior  roots  of  the  spinal 
nerves  should  be  in  communication  with  tiie  cord,  in  order  to  conduct  the  impression  to 
this  nerve-centre.  If  all  of  Ibe  posterior  roots  be  divided,  there  is  no  nervous  commn* 
nieution  between  the  periphery  and  the  centre,  nnd  no  movements  follow*  irritatioD  of  th«i 
surface.  When  the  excitability  of  the  cord  is  exaggerated,  as  In  poisoning  by  strychnine, 
a  single  posterior  root  is  sufficient  to  conduct  an  impression  to  the  cord,  w^hich  will  giTf- 
rise  to  violent  contractions  of  all  the  muscles.  This  is  due  to  a  disperj^ron  of  the  impres- 
sion, under  these  conditions  of  increased  ex<?Uability^  from  the  single  ]>oint  of  entrance  of 
the  posterior  root,  tliroughout  the  cord.  In  auimuls  that  have  been  sinjply  docapitatc'd, 
a  Mmilar  ditriiaion  of  impressions  may  also  take  place.  If  a  comparatively  feeble  single 
impression  be  made  npon  any  part  of  the  general  surface,  as  the  rule,  the  subjacent  mnscJcJ 
only  are  the  seat  of  contraction  ;  but,  if  the  impression  he  more  powerful,  or  Jf  it  bo 
prolonged,  as  when  we  apply  a  drop  of  acetic  acid  to  any  part  of  the  skin  of  n  frog,  this 
impression  may  be  diffused  throughout  the  cord,  producing  contract  ions  of  the  general  inoM- 
calar  system.  We  have  already  shown,  in  treating  of  the  general  properties  of  the 
sensory  nerves,  that  an  impression  made  at  any  point  in  Ihe  course  of  a  nerve  b  eonducteil 
to  the  centre,  Tleflex  movements  nmy,  consequently,  be  produced  by  stimulating  tin* 
sensory  nerves  in  their  course  or  by  irritating  the  posterior  roots  of  the  spinal  nerAcs. 

We  have  already  stated  that  the  cord  must  retain  its  anatomical  integrity,  in  order  to 
receive  an  impression  made  upon  the  centripetal  nerves  and  transform  it,  as  it  were,  int© 
a  stimnhis,  which  is  reflected  hack  by  the  motor  nerves  and  produces  muscular  eontr»o- 
tion.  It  is  also  evident  that  the  motor  nerves  must  retain  their  connection  with  the  cord 
and  bo  in  a  condition  to  conduct  the  stimulns  reflected  by  the  *'ord  to  the  luusclew. 

The  reflex  excitability  of  the  spinal  ci>rd  is  increased  to  a  nuirked  degree  by  separating 
this  portion  of  the  cerebro-s[»iual  axis  from  the  cncephalon,  and  tire  ^lanie  ts  true  for  iJre 
lower  portion  of  the  cord,  when  a  section  is  made  in  the  dorsal  or  lumbnr  regi<»n.  It 
is  difficult  to  find  an  entirely  satisfactory  explanation  of  this  fact;  and  the  phvnocneoa 
observed  under  these  conditions  are,  in  this  regard,  like  the  exapgerated  sensibility  erf 
portions  of  the  general  surface  after  section  of  certain  columns  of  tlie  cord. 

In  experiments  npon  the  lower  animals?,  the  reflex  plienomena  are  greatly  ex  agists  rated  b 
intensity  in  tlie  tetanic  contlitiou  observed  in  poisoning  by  opium  or  strychnine.  Take,  for 
example,  a  frog  decapitated  and  poisoned  with  strychnine.  No  reflex  roovetncialA 
occnr  nnless  an  impresnon  be  made  npon  the  sensory  nervea ;  but  the  altghtent  irHt«> 
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tion,  such  as  a  breath  of  air  or  a  slight  jar,  tlirowa  the  entire  muflcular  sy»to!ri  into  n 
rontlition  of  violent  tetanic  gpiisin.  The  same  phenomena  are  observed  in  caues  of  poison- 
ing bj  strjchnlno  or  of  tetanus  in  the  humiin  subject,  This  fact  ia  iniportunt  in  it«  relu- 
tioijfi  to  tbe  Ireatnient  of  these  coiiditionB ;  fur  it  in  evident  that, 
in  such  cuHc=t,  tJie  eximustion  due  to  the  violent  spasms  mtiy  bo 
Tiioderated  by  carefully  avoitJing  all  unnecessary  irritation  of 
tbe  surface. 

It  wab  shown  a  number  of  years  ago,  that  the  inhalation 
of  anesthetic  agents  may  abolish  all  of  the  ordinary  ret^ix  phe- 
nomena. Whether  this  be  due  to  an  action  upon  the  eord  itself 
or  to  a  paralysis  of  the  derisory  nerves^  it  m  diflicult  to  determine. 
Ordinarily,  in  animals  rendered  insensible  by  antt'Sthetics,  the 
reHex  nets  of  respiration  continue;  but  these  may  also  be  arrested, 
as  has  been  obnerved  by  all  who  have  experimented  with  anajs- 
thetio8,  especially  with  chkiroform.  A  common  way  of  deter* 
mining  that  an  animal  is  rom[>lelely  under  tlit-  inllnence  of  ether 
18  by  an  absence  of  tlic  retlex  act  of  uloying  the  eyelids  when 
the  cornea  is  touched. 

It  now  only  remains  to  show  tliat  the  phenomena  of  reflex 
action  observed  in  experinieiite  upon  the  inferior  animals,  espe- 
cially frogs,  are  applicable  to  the  human  suhjoct,  and  to  irjdi- 
oate  the  muscular  actions  which  depend  upun  the  cord  as  a 
nerve-centre. 

It  is  only  neeei&sary^  after  what  has  gone  before,  to  indicate 
in  a  general  way  the  phenomena  observed  in  the  htiinan  sub- 
ject which  ilhistrato  the  reliex  action  of  the  cord.  It  is  a 
common  observation,  in  cases  of  paraplegia  in  which  the  lower 
portion  of  the  cord  is  intact,  that  movements  of  the  limbs  fol- 
low titillation  of  the  soles  of  the  feet,  tliese  movements  tnkinii: 
place  independently  of  the  consciousness  or  the  will  ot  the  subject 
experimented  upon.  Acephalt>ns  ftEtuses  will  present  general 
reflex  movements  and  movements  of  respiration,  and  will  even 
suck  when  the  finger  is  introduced  into  the  mouth.  Observation* 
fpoisnnt4  trUh  of  this  kind  are  so  numerous  and  familiar  that  they  need  not  be 
(Uoifv.ji9)  cited  in  detail.  'Experiments  have  also  been  made  upon  crimi- 
afber  deea|iitalion ;  and,  although  the  retiex  phenomena  are  not  so  well  marked  and 
oot  he  excited  so  long  after  death  as  in  cold-blooded  animals^  they  are  sufficiently  distinct. 
U  id  difficult,  in  studying,  in  the  human  subject,  the  ordinary  phenomena  of  move- 
Tnent«  in  the  voluntary  muscular  system,  to  isolate  the  reflex  phenomena  from  those  act5 
involving  sensation  and  volition.  In  many  person**,  titillation  of  the  soles  of  the  feet  pro- 
dace«  violent  contractions  of  muscles,  which  cannot  be  arrested  by  an  effort  of  the  will,  and 
this  may  even  be  followed  by  general  convulHions,  When  wc  unexpectedly  touch  an  irri- 
l«ting  surfiire  with  the  hand,  the  mn.scles  of  the  arm  rut  so  quickly  that  we  may  suppose 
that  this  take^  place  before  we  really  at»f>reciate  tho  painful  sensation,  pnd,  if  the  Impres- 
ilcm  be  very  severe,  wo  may  have  movementfi  more  or  less  general ;  in  operating  upon 
liifhly-fensitive  parts,  it  is  frequently  impossible  to  arrest  reflex  movements,  as  the  closing 
of  the  eyelids  when  the  cornea  is  touched  ;  trne  reflex  movements  naay  be  produced  by 
fKirefully-executed  experiments  upon  persons  asleep;  we  cannot  arrest  the  act  of  vomit- 
ing induced  by  titillation  of  tlie  fauces;  and  other  instances  of  this  kind  might  be  cited. 

Ho»t  of  the  true  involuntary  movements  are  retiex  ;  but  these  have  been  or  will  be 
conitHcn><i  under  th«>ir  proper  heads.  The  movements  of  deglutition  depend  upon  an 
i  made  upon  the  niuoons  membrane  of  the  pharynx,  etc.     The  movements  of 

r    .  1  are  excited  by  an  impression  made  upon  the  general  sensory  nervea.  due  to 

Irani  of  oxygen,  tA  we  have  shown  in  treating  of  respiration.    The  ejacnlation  of  setoen 
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U  al^o  reflex.  Important  reflex  actioos  take  place  iLrough  the  sympathetio  nerreft,  audi 
OS  die  irioveraoDts  of  tbo  intestines,  vasomotur  raovementa,  etc. ;  but  th<?se  will  bo  con- 
ftidored  fully  untlvr  tbe  head  of  the  sympathetic  gtystem.  Secretion,  the  action  of  the 
heart,  the  contractions  of  the  uteriia,  the  action  of  tl»e  sphincters,  the  niovemcnt*  of  the 
iris^  etc,  are  re§riihitt?d  by  the  sympathetic  and  the  curebro-apinal  sjateuj* 

As  regards  the  fitrtlier  action  t>f  tlie  cord  as  a  nerve-centre,  there  are  undoubtedly  many 
functions  which  arc  influenced  more  or  less  by  this  i»ortion  of  the  cerebro-spinal  axis;  but 
these  have  been  treated  of  under  their  appropriate  heads  or  wiU  be  considered  hereafter. 
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1  ID  — 

ulftte  Imi^ruu^c:  in  a  rc^TricWcI  poi-tlod  of  the  Anterior  cvrcbrui  ltii»*-* — Tli*  ivrvbcllunj — l^omv  pc«UiU  In 

logical  anntoniy  of  the  ecrebellimi— Couree  of  the  tibivifi  In  the  conybftlum — <>i«n«'ml  pri.j|M»ri1ii*ii  ftf  th««  •*«• 

I^uietioufiiir  ibe  w'rytit-ilaui— ExtirpJittoa  of  tlieoewbt'lhji 

tioii4  of  the  ciMxbiMiutn— Cotinectioti  of  the  oerobcUtLm  wii 

lorn  in  the  lower  aalumtA— (ieini^^liji  sil  tlw  biue  of  tbo  tt,^  ^  ._  „         ,,    ..,  .  , 

qtuidrigemlzift,  or  optic  bbee — GAOgUunof  tbe  tuber  Aooularv — Mi^luUa  obloaienti>—PbyRi> 

medulla  oblongstA — FuDclions  of  thc«  inedulb  obloagiiU^CounecOon  «f  tbe  tiiodulU  oblori^ 

ViUl  iKniDt — CoooocUon  of  the  mtHliiUu  oblon^tti  with  various  r<<Si'Jc;  «.ct»^KolHtiir  ^^^  twiiUkg  Qiw>  viucnu  UA- 

lowing  Injury  of  eerUitn  pwt»  of  Ujo  cueupbujon— Getieral  propcrUc*  of  the  {xKlundvi. 

The  anatomy  of  the  encephnhin  is  so  complex,  that  it  eaa  bo  treated  of  with  advaa* 
tag©  only  by  a  very  minute  and  carefully-ill uj^trated  description,  u\p\\  m  is  to  be  found  b 
some  of  the  elaborate  anntomical  works  or  in  special  treatises  uj^un  the  nervous  5ygt<*iu. 
We  shall  nut  consider  under  a  distinct  head  the  general  physiolopind  anntonir  of  the 
brain^  fur  the  reasoD  just  piven^  and  alno  because  we  are  as  yet  ignoroni  of  tho  exact 
connection  between  the  structure  and  arrangement  nf  many  of  its  parts  and  their  phyri* 
ology.  Wo  know  that  the  gray  aubstiince  is  capable  of  appreciating  general  and  fpcdtl 
impressions  received  by  the  peripheral  nervou»  system^  and  of  generating  I  he  eo-called 
nerve-force.  Impressions  are  conveyed  to  this  portion  of  the  ccrebro-sinnal  axis  by  tl»« 
sensory  condiictt^rs,  piis«ing  to  the  brain »  either  through  the  cord  or  by  the  cnuiial 
nerves,  and  by  tbe  nerves  of  special  sense,  as  weD  as  those  of  general  sensibility.  Tb© 
stimulus  which  gives  rise  to  voluntary  movements  is  generated  in  the  brain  and  i»  c<iu* 
veyed  by  the  motor  nerves  to  the  approjinate  muscles.  We  have  seen,  abo,  that  tlio 
centres  of  tbe  encephalon  may  be  concerned  in  rellex  action.  In  addition,  parts  of  the 
brain  act  as  centres  of  sensation  and  volition  and  are  conceraed  in  the  raried  phcniitnftfli 
of  intellection. 

The  encephalon,  or  what  is  ordinarily  known  as  the  brain,  consists  of  a  ntimber  of 
ganglia,  or  collections  of  gray  matter,  connected  with  each  other,  and  also,  by  ihc  tUHer* 
ent  columns  of  the  cord,  with  the  motor  and  sensory  nerves  of  the  general  system*  C4»r- 
tain  <«f  tl)e?ie  ganglia  have  separate  nnd  distinct  functions  which  are  more  or  lef«  cum' 
pletely  understood  ;  while  there  are,  in  addition,  masses  of  gray  subitance,  the  physio- 
logical reluti(»ns  of  which  are  as  yet  obscure  or  entirely  unknown*  The  greatest  an4 
the  most  imi>ortant  of  all,  the  ^rwy  matter  of  the  cerebral  hemispheres,  nndoubledly  hv 
subdivisions  connected  with  distinct  attributeft  of  the  mind  ;  but  our  positl%*«  IcnowlcdgQ 
with  regard  to  these  divisions  ir,  nt  the  ))resent  day,  very  meagre,  although  this  subject 
has  long  been  a  favorito  field  for  philosophical  speculation* 

Confining  oarselvea  strictly  to  the  limits  of  positive  inform atioHi  wo  m^  recognm 
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the  follow tng  parts  of  tlie  eneephnlon  as  distinct  ganglia:  1.  Tli©  gray  matter  of  the 
cereljPfilheaiisfjjLercs;  2.  The  gray  umtter  of  the  cerebellum ;  3.  Tho  olfuctury  gangUa; 
4*  The  irray  matter  of  the  corpora  striata ;  5.  The  gray  matter  of  the  optic  thalumi ;  6. 
Tho  taherciila  qaadrigemiml ;  7,  The  gray  matter  of  the  tuber  uimuhire,  or  pons  Varolii ; 
S.  The  ffan^rlion  of  the  meciuUa  oblongata.  In  addition,  the  fidh»wing  pnrib  have  boon 
made  the  subject  uf  physiological  investigation  or  speculatioo,  ^vitli  resultji  more  or  lesa 


y 
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>*tir«  ;    12,  (>>■'  i.tid 
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definite:  Tho  peduncles  of  tho  cerebrum  and  of  the  eerebellum  ;  tho  pineal  gland  ;  tho 
i50fpw«  eullosum;  the  septum  lucidum  ;  the  cerebral  ventricles;  and  the  pituitary  body. 
We  have,  however,  little  if  any  positive  information  concerning  these  iiarts,  except  as 
ivtgardi  ihelr  general  anatomiciU  relations  ;  and  their  pliysioh'gy  really  amounts  to  little 
AOTf}  than  a  history  of  tho  vague  speculations  of  the  ancients  or  the  fruitless  experiments 
of  iDoderu  observera.  It  is  to  be  hoped  that  ftitnre  anatomical  investigations^  chietly  in 
fallowing  out  the  course  of  tho  fibres  of  the  encephahm  and  their  connections  with  tho 
9s  of  the  different  collections  of  gray  matter,  will  throw  light  upon  the  functions  of  this 
^  of  tho  cerobro-^pinal  axis ;  but,  at  present^  all  physiologists  will  admit  that  we  have 
re^  ry  little  aid  from  this  source.     In  our  anatomical  descriptions,  therefore,  we 

•li.i  I :  ourtjelves  to  those  points  that  are  strictly  physiulogical. 

Wilght  Qf  diffhrmit  Parti  of  the  Brain  and  &f  the  entire  Eneephalan. — Most  of  the 
t4ible»  of  the  weight  of  the  healthy  adult  brain  of  tho  Caucasian,  given  by  different  ol>- 
terrers,  ^liow  essentially  the  same  results,  tho  diflTercnces  amounting  to  only  one  or  two 
onDCN^  for  the  entire  encephalon.  The  average  given  by  Quain  is  49J  ounces,  avoirdu- 
pt>ifi,  for  the  male,  and  44  ounces  for  the  female.  This  is  the  general  result  obtained  by 
combining  the  tables  published  by  Sims»  Olendlnning,  Tiedemann,  and  Keid.  Tlie  nnm- 
'  of  male  brains  weighed  wns  278,  and  of  female  brains  191.  lii  males,  the  minimum 
rht  was  34  ounces,  and  the  maximum,  fi5  ounces.  In  170  cases  out  of  the  278,  the 
weight  ranged  from  4n  to  53  ounces,  whicli  n>ay  be  taken  as  the  general  average.  In 
femalcfa,  the  minimum  >s*iis  31  ounces,  and  the  maximum,  56  oances.  In  125  cases  out 
of  tbe  191,  the  weight  ranged  from  41  to  47  ounces, 
44 
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Qaain  assames,  from  various  researches,  that,  in  new-born  infants,  the  brain  weighs 
11*65  ounces,  for  the  male,  and  10  ounces,  for  the  female.  In  both  sexes,  *^  the  weight  of 
the  brain  generally  increases  rapidly  up  to  tlie  seventh  year,  then  more  slowly  to  between 
sixteen  and  twenty,  and  again  more  slowly  to  between  thifty-one  and  forty,  at  which 
time  it  reaches  its  maximum  point.  Beyond  that  period,  there  appears  a  slow  but  pro- 
gressive diminution  in  weight  of  about  one  ounce  during  each  subsequent  decennial  period ; 
thus  confirming  the  opinion,  that  the  brain  diminishes  in  advanced  life." 

The  comparative  weights  of  the  several  parts  of  the  encephalon,  calculated  from 
observations  upon  the  brains  of  fifty-three  males  and  thirty -four  females,  between  the  ages 
of  twenty-five  and  fifty-five,  are  as  follows : 


DtVlsionB  of  the  encephalon. 

Males. 

Feznaka. 

Average  weight  of  the  cerebrum 

43-98  oz. 
5-26   " 
0-98   " 

38*75  ox. 

Average  weight  of  the  cerebellum 

4-76   ** 

Average  weight  of  the  pons  and  medulla  oblongata 

rrtl    " 

Average  weight  of  the  entire  encephalon 

60-21  oz. 

44-52  oz. 

The  proportionate  weight  of  the  cerebellum  to  that  of  the  cerebrum,  in  the  male,  is 
as  1  to  8f,  and  in  the  female,  as  1  to  8}. 

The  specific  gravity  of  the  whole  encephalon  is  about  1086,  that  of  the  gray  matter 
being  1034,  and  of  the  white,  1040. 

The  above  weights  are  quoted  from  Quain's  admirable  work  upon  anatomy,  and  the 
normal  range  of  variations  and  averages  only  are  given.  When  we  come  to  treat  of  the 
cerebrum  and  its  relations  to  intelligence,  we  shall  discuss  the  weights  of  the  brain  in 
idiots  and  in  persons  of  extraordinary  intellectual  power,  as  far  as  any  data  upon  these 
points  are  to  be  found. 

Some  Points  in  the  Physiological  Anatomy  of  the  Encephalon  and  its  Connect  ions.— 
The  direction  of  the  fibres  in  the  encephalon,  their  connections  with  the  cells  of  the 
grav  aul)stance,  tlie  course  of  commissural  fibres  connecting  together  the  ditFerent  parts 
of  the  gi-ay  substance  of  tlio  cerebrum,  the  cerebellum,  and  the  deeper  ganglia,  and 
finally  the  avonues  of  communication  between  the  fibres  of  the  encephalon  un<l  the  cord, 
are  points  of  exceeding  intricacy  ;  and  many  of  them  are  still  so  uncertain  and  obscure^ 
that  they  cannot  ns  yet  be  connected  satisfactorily  with  the  exact  results  of  physiological 
inquiry.     All  that  wo  can  do  at  present,  is  to  recognize  certain  ganglionic  masses,  l\i« 
separate  functions  of  which  have  been  more  or  less  accurately  defined,  and  to  show,  as  far 
as  possible,  their  anatomical  relations  to  each  other  and  to  the  spinal  cord. 

The  separate  collections  of  gray  matter  concerning  which  we  possess  positive  phvaio- 
logical  knowletlge  are,  the  gray  matter  of  the  cerebral  hemispheres  and  of  the  cerebellii.xTi» 
the  corpora  striata,  optic  thalami,  tuber  annulare,  or  pons,  and  the  medulla  oblongo-ti. 
To  these  may  be  added,  the  olfactory  ganglia,  which  preside  over  the  sense  of  smell,  «.iid 
the  tubercula  quadrigemina,  or  optic  lobes,  which  are  the  centres  connected  with  visiofl. 
The  minute  anatomy  of  the  nerve-fibres  and  the  nerve-cells,  with  their  mode  of  connec- 
tion with  each  other,  have  been  already  considered  with  suflScient  minuteness  under  tie 
head  of  the  general  structure  of  the  nervous  system.     We  shall  here  discuss  chiedy  the 
direction  of  the  fibres  through  which  the  encephalic  ganglia  are  connected  with  the  periph- 
ery, the  fibres  connecting  the  difierent  ganglia  with  each  other,  and,  in  the  case  of  the 
larger  ganglia,  certain  commissural  fibres  connecting  together  their  different  parts. 

In  the  wealth  of  literature  pertaining  to  the  minute  anatomy  of  the  encephalon,  itw 
somewhat  ditficult  to  separate  and  define  the  well-established  facts  which  have  a  direct 
bearing  upon  physiology.     Perhaps  the  most  elaborate  and,  to  a  certain  extent,  the  most       ! 
satisfactory  observations  upon  the  various  points  to  be  considered,  are  those  of  Lnys;  bnt 
this  author  describes  the  course  of  the  fibres  with  an  exactitude  that  seems  hardly  juiti- 


THE  CEREBRAL  HEMISPIIERES. 


mi 


D  all  iostaticeSf  by  the  fuels,  in  view  of  the  inevitable  ditBeulty  and  uncertainty  of 
•octie  of  til©  processes  t^inployed ;  und  tbe  gmphjc  and  admirable  deliueationi*  by  wbieb 
the  work  is  illastrated,  tbougb  professedly  scbeinatiCi  prcsfut  a  degree  of  ideality  wliicb 
inspires  some  distrust  wilb  regard  to  the  accuracy  of  tbe  general  cuneluBions.  According 
to  Lnys,  tbc  tibrea  of  the  eneef>balori  buve  several  directions^  as  follows: 

Tbe  gray  matter  of  tbe  cerebral  bcmispheres^  as  we  sball  see  fartber  on,  is  cotupos^ 
of  ft  musi  of  nerve-cells^  connected  togetber  by  their  prolongations  into  a  plexus,  which, 
til  iu  turn,  is  connected  nilh  tbe  fibres  of  tbe  wbito  substance.  From  this  cortical  ccllu- 
iar  plexus,  white  fibres  arise,  which  may  be  divided,  according  to  their  direction  and 
dcistination«  inttj  two  classes  :  Tbe  first  class  consists  of  curved  commissaro]  fibres,  which 
pnsa  into  the  white  substuncQ  to  a  certain  depth  and  return  to  the  gray  matter,  eonnect- 
tlitis  tlio  gray  Bubstanco  of  ad^jacent  convolutions.  Tbe  exisTence  of  these  fibres 
tJicir  direction  are  well  established.  Tbe  second  class  consists  of  fibres  which, 
"trUang  from  the  gray  substance  of  the  convolutions,  connect  these  with  tbe  corjiora 
fltmttt  and  the  optic  thalamL  These  may  be  called  the  converging  fibres;  and  their 
general  direction,  as  far  as  it  has  been  ascertained,  is  as  follows : 


Arising  from  t!io  internal,  concave  surface  of  tfio  cortical  substance  of  the  cerebmm^ 
*lj©  converging  fibres,  ut  first  running  side  by  side  with  the  curved  commissural  fibres, 
*«panito  from  the  latter  as  they  curve  backward  to  pass  again  to  the  cortical  substance, 
'^ud  are  directed  toward  the  corpora  striata  and  tbe  optic  thalaml  The  limits  of  the 
•Tegular  planes  of  sopanitioD  of  tbe  commissural  and  the  converging  fibres  contribute  to 
^orm  tl  '  <rie8  of  the  ventricnlar  cavities  of  the  brain.     If  wo  study  the  course  of 

tlie  cor,  litres  arising  from  all  points  in  the  concave  sorface  of  the  cerebral  gray 

•natter,  wc  nnd  that  tbcjf  take  various  directions,     The  fibres  from  the  anterior  region  of 
tlitf  cerebrum  pass  backward  and  form  distinct  fasciculi  which  oonverge  to  tbe  gray  sub- 


693 


KERVOUS  SYSTEM. 


stance  of  the  corporn  striata.  The  fibres  from  the  luidtUe  portion  converge  regnlarly  to  j 
the  middle  region  of  the  extenaal  portions  ol'  tlio  optic  thai  am  L  Tb©  fibres  from  tljc  jw 
terior  portion  pass  from  behind  forwiird  and  distribute  tbenitselves  in  the  posterior  p4irti<j 
of  the  optic  thaianii.  The  fibres  from  tba  convolutions  of  the  hippoeampi  and  tlm  fascij 
dentiita  are  lost  in  the  gray  subi^tance  lining  the  internal  borders  of  the  optic  thalnmu  ill 
addition  to  theae  converging  fibres  and  the  curved  commissural  fibres  connecting  tti« 
dittWent  convolutions  of  each  hemis^phere  with  each  other,  are  commissural  fibres  whichl 
connect  the  two  hemisphereSt  ad  well  as  fibres  connecting  together  the  corpora  etriaSj 
find  tlie  optic  thai  ami  of  tho  two  sides. 

Certain  of  the  fibres  converging  from  the  gray  substance  of  the  hcniit«pheres  to  thj 
corpora  striata  and  optic  thahimi  ure  probably  conuected  with  the  cells  in  the  griiy  mat 
ter  of  these  parts.  Other  fibres  pass  through  the  corpora  striata  and  optic  thtilami  Cn 
become  tinully  connected  with  the  fibres  of  the  medulla  oblongata,  and,  through  tht 
medulla  oblongata,  with  the  columns  of  the  spinal  cord.  Following  the  antcro-laterall 
columns  of  the  cord  from  below  ujiward,  they  aiicend  to  the  medulla  oblongata,  dccussnt* J 
in  the  median  line,  and  pass  from  the  medulla  to  the  brain.  Certain  of  these  ascentliDg 
fibres,  which  are  nearly  all  continuations  of  the  autcro-lateral  columns  of  the  cord,  ascend 
to  the  brain  by  passing  deeply  through  the  pons  Varolii ;  other  fibres  ascend  in  tJji 
cerebrtil  peduncles,  or  crura  cerebri ;  and  other  fibres  pass  to  ihe  tubercula  qnadrigemin 
As  the  bundles  of  fibres  ascend  from  th«  medulla  oblongata,  they  become  more  and  mor 
numerous  by  reinforcements  of  fibres,  probably  derived  from  tlio  cells  of  tlie  eollectidod 
of  gray  matter  in  their  course. 

We  have  attempted,  in  the  above  sketch  of  the  fibres  of  the  brain,  to  give  a  sncdne 
account  of  the  poiots  that  are  most  interesting  from  tiieir  jdiysiological  relalion*«,  and  ta] 
confine  our  description,  aa  far  as  possible,  to  anatomical  facts  that  have  been  dcfinitivelj  j 
settled  and  are  now  generally  accepted.    But,  aa  we  have  betore  remarked,  the  cotirs*  | 
of  the  fibres  and  their  connections  are  so  exceedingly  intricate,  that  we  cannot  rely 
entirely  upon  purely  anatomical  investigations.    The  results  obtained  by  anatomists  altoold 
be  controlled,  as  far  as  possible,  by  physiological  and  patJmlogical  observations^     Wbpn 
anatomical  researches  are  directly  opposed  to  the  conclusions  to  be  dodnced  from  exju-ri* 
mcnts  upon  living  animals,  in  view  of  the  great  uncertainty  of  the  former,  it  w^ill  gemralljr 
be  reasonable  to  assume  that  tliey  are  erroneous  or  incomplete.    We  know,  as  tlic  refljlts 
of  experiments  upon  animals,  that  the  motor  stimulus  is  conducted  from  the  braiii  by  the 
antero- lateral  columns  of  the  cord,  and  that  the  conducting  fibres  decusaato  at  the  medullA 
oblongata.     This  fact  has  been  verified  by  pathological  obser\*ation8,  chiefiy  in  cases  of 
iiyury  to  the  brain -substance  from  hieraorrbage,  scdtening,  etc.     We  know  thul  impffli' 
slons  are  appreciated  as  sensations  in  some  part  of  tlic  cerebrum,  and  that  the  scnwjry 
conductors  also  decussate ;  as  is  shown  by  occasional  paralysis  of  both  motion  and  eent«iirioD 
as  a  coosei[ucnccof  brain-leaions.    It  is  evident,  thorcfore,  that  sensory  conductors  pass  6* 
the  brain,  but  their  precise  course  is  not  easy  to  determine.    We  have  seen,  in  treating  of 
the  action  of  the  cord  as  a  conductor,  that  sensory  impressions  are  transmittetl  by  the  |rn»J 
substance  alone,  and  it  is  probably  througli  connections  betwet'n  the  cells  of  the  ditfeitut 
centres  that  these  impressions  are  finally  carried  to  the  brain.    The  jdiysjologieal  fart  trf 
the  conduction  of  sensory  impressions  is  fully  confirmed  by  pathology,  but  its  tMedtaiiliO 
has  been  very  little  if  at  all  elucidated  by  anatomical  researches. 

We  have  remaining  certain  anatomical  points  relating  to  the  cerebrum,  ccrcbelliia>« 
tuber  annulare,  and  medulla  oblongata,  to  be  de&cribed  separately  in  connectioa  with 
these  divisions  of  the  encephalon. 


77ie  Cenhmm, 

Tho  anatomical  description  which  we  have  just  given  of  the  encephalon  will  nnjff*'" 
for  roost  of  the  points  of  physiological  interest  connected  willi  tht*  cerebrum,  A<  *<* 
have  seen,  the  cerebrum  constitntee  more  than  four-fifths  of  the  eocephalie  mass.   It) 
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jrray  matter,  which  is  external  and  follows  tLo  convolatiotis,  la  from  ^^  to  J  of  an  inch  in 
tbickness.  Writers  have  described  this  substiince  as  existin^'^  lit  sevend  Itiyers,  but  this 
division  is  mainlj  artiticiiil  In  certain  parts,  however,  particnlarlj  in  the  posterior  por- 
tion of  the  cerebrum,  the  graj  Bnbi*tance  is  quite  distinctly  divided  into  two  layer?,  by  a 
very  delicate  intermediate  layer  of  a  whitish  color. 

There  is  a  marked  difi*erence  in  the  ap[tearanee  of  the  cellfl  in  the  most  buperficial  and 
in  the  deepest  portions  of  the  g^ray  BnbstaQce.  The  superficial  cells  are  small  und  present 
A  net'Work  of  delicate,  anastomosinjj^  fibres,  resembling  the  cells  of  the  posterior  cornua 
of  the  gray  »id»stance  of  the  cord ;  while  the  deepest  cells  are  large  and  resemble  the  so- 
calletl  motor  cells  of  the  <'ord.  Between  these  two  extremes,  in  the  intermediule  layers, 
there  is  a  prmduid  transition  in  the  size  of  the  celJs.  This  anatomical  fact  points  to  the 
possibility  of  distinct  functions  of  the  cells  belonging;  to  the  superficial  and  the  dee[>  layers; 
Tiz.,  that  tlie  larger  cells  are  for  the  generation  of  the  motor  stimulus,  while  the  smaller 
are  for  the  reception  of  sensory  im precisions.  This,  however,  is  a  mere  supposition,  inca- 
pable, as  yet,  of  positive  demonstration, 

Thtt  mode  of  connection  between  the  cellular  and  the  fibrous  elements  of  the  ner* 
vous  sy^itein  has  already  been  considered  and  dues  not  demand  fartJier  mentioD«  We 
shall  also  pass  over  the  amorphous  matter,  nuclei,  myelocytes,  etc.,  found  in  the  cen* 
trul  III  rv.Mi^  matter,  as  these  p<jints  possess  little  or  no  physiological  interest. 


urn^ral  Propertla  of  the  Cerebrum, — By  the  general  properties  of  the  cerebrum^ 
we  mean  the  effect,  or  the  absence  of  effect,  observed  when  the  ^"ay  or  white  sub- 
atance  ia  snbjected  to  direct  irritation.  While  some  of  the  older  writers  state  that  the 
brain  is  both  irritable  and  sensible,  nearly  all  authorities,  up  to  a  very  recent  date, 
have  been  agreed  that  direct  stimulation  of  the  white  or  the  gray  substance  of  Uie 
^eatcAt  part  of  the  brain  produces  neither  pain  nor  convulsive  movements.  lu  nnracr- 
0U9  experiments  npon  pigeons,  we  have  invariably  noted  complete  insensibility  and  inex- 
dtability  of  both  the  pray  and  the  white  substance  of  the  cerebral  hemi>*pheres.  The 
generally -accepted  view  has  been  that  a  tjrreat  part  of  the  substance  of  the  cerebrum  la 
neither  excitable  nor  sensible,  in  the  sense  in  which  these  terms  are  applied  to  the  ordi- 
nary mijced  nerves.  There  can  be  no  doubt  with  regard  to  the  condnctinp  properties  of 
the  white  matter  of  the  brain,  but  the  nerve-fibres  here  seem  to  conduct  impressions 
cx>nTcyed  to  them  by  the  sensory  nerves  and  the  stimulus  generated  by  tiie  nerve-cells, 
without  being?  capable  of  receiving  or  conducting  artiflcial  impressiona  applied  directly  to 
their  substance. 

We  have  said  that  a  great  part  of  the  cerebral  substance  seems  to  be  neither  excitable 
nor  sensible  to  direct  stimidation  ;  but  we  must  make  an  exception  in  favor  of  certain 
portiona  of  the  cerebrum,  which  have  lately  been  shown  to  possess  excitability,  their 
action  being  confined  to  particular  sets  of  muscles.  In  1870,  Fritsch  and  Hitzijr,  expos- 
teg  the  cerebral  hemispheres  in  dogs,  found  that  certain  parts  of  its  anterior  portion 
rwqionded  to  a  feelde  galvanic  current.  Each  galvanization  produced  movements  re- 
Uricted  to  piirticnlar  sets  of  muscles;  but  it  was  difficult  to  say  whether  the  contractions 
Were  due  to  stimulation  of  the  white  or  of  the  gray  substance.  Diiferent  centres  for  the 
•eta  of  muscles  were  accurately  determined.  Tlje  centre  for  the  muscles  of  the  neck 
wttji  located  in  the  middle  of  the  frontal  convolution ;  extenml  to  that,  was  a  centre  for 
lie  extensor  and  adductor  muscles  of  tlie  furelegf^ ;  and  so  on,  other  centres  for  sets  of 

cles  being  found  in  the  anterior  portion  of  the  hemispheres.  By  passing  an  inter- 
mpted  current  through  these  parts,  tetanuB  of  particular  muscles  was  produced.  In 
other  observations,  when  the  gray  substance  was  removed  at  the  points  mentioned,  there 
Was  partial  loss  of  power,  but  not  paralysis,  u^  the  sets  of  muscles  corresponding  to  the 
centres  operated  upon.  The  authors  regarded  this  as  due  to  a  loss  of  **  muscular  sense,'* 
(a  these  expenments  the  action  was  always  crossed*  It  was  also  found  that,  after  severe 
l^smorrhagei  the  excitability  of  the  cerebrmn  iiiiickly  disnppeared,  winch  may  account 
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for  the  negative  results  obtained  "bjr  previous  experimenlers.     No  motor  properties  * 
discovered  in  the  posterior  portion  of  the  cerebrum. 

The  experiments  just  cited  throw  a  new  light  upon  the  properties  of  tJie  cerebr 
substance.     It  has  always  h^en  found  difficult  to  experiment  upon  the  great  encephalhl 
centres  without  disturbing  the  physiological  conditions  so  6i?nonsly  as  to  rendt?r  thd 
rcsnltit  of  direct  observationfi  of  this  kind  more  or  less  indefinite.     Now  that  it  id  ascer 
talned  that,  in  all  probability^  these  centres  readily  lose  their  normal  propertica,  &s  a  sirn^ 
pie  consetjuence  of  ha?morrbage  and  exposare  of  the  partes  we  tire  less  disjiosed  to  accef 
the  older  experiments^  in  which  the  cerebnd  tissue  was  apparently  shown  to  be  mc 
pable  uf  receiving  direct  artificial  impressions. 

8inee  the  first  publication  of  the  remarkable  experiments  to  which  wo  have  jost 
referred,  the  question  of  the  excitability  of  certain  parts  of  the  cerebral  hemispheres  has 
attracted  a  great  deal  of  attention  and  has  been  made  the  subject  of  numertms  experi- 
ments.    The  most  notable  of  the  later  observations  on  tliis  subject  are  those  of  Ferrier*^ 
of  London^  by  whom  the  original  experiments  of  Fritsch  and  Ilitzifj  have  been  fully  con^ 
firmed.     Although  the  methods  employed  by  Ferrier  were  less  delicate  and  accurate  than 
those  of  the  German  observers,  tiie  results  obtained  are  of  great  value.     Many  othe 
physiologists  have  since  confirmed  the   essential  points  developed  in   the  orijsrinal  in-l 
vestigation!* ;  and  the  only  serious  objection  to  the  results  is  the  possibility  of  diflusiun 
of  the  galvanic  current  to  recognized  motor  tracts.     This  question  is  pretty  well  settleit 
by  the  following  experiment  made  by  Dr.  Putnam,  of  Boston :  Flaving  localized  experiJ 
mentally  a  distinct  motor  centre  on  the  surface  of  the  brain,  he  made  a  flap,  about  ooo 
twelfth  of  an  inch  thick,  by  a  section  parallel  to  the  surface  of  tlie  brain  and  invotviog 
this  centre.     With  the  flap  in  aitu^  the  current  which  ha^l  before  excited  mnscolar  con- 
traction had  no  effect.     It  is  evident  that  the  section  of  the  brain-sob^tance  would  necos 
aarily  cut  off  the  pihysiological  conduction  of  a  stimulus ;  but,  wuth  the  tiap  in  #i7u,  thi 
section  would  probably  not  interfere  with  the  diffusion  of  the  galvanic  current  itself. 

In  the  present  comlition  of  the  question,  the  above  is  all  that  it  seems  necessary  tol 
say,  in  a  systematic  work  upon  physiology,  concerning  the  excitable  centres  of  the  cere*] 
brum.  That  these  excitable  centres  exist,  there  can  be  little  doubt;  and  the  idea  tJitt| 
the  movements  produced  by  their  galvanization  are  reflex  is  not  justifled  by  exjierimieo* 
tal  facts.  These  observations  have  been  confirmed  by  llit^ig  as  late  u.f  in  1874  ;  and  hi*| 
last  experiments  fully  substantiate  the  views  advanced  in  his  first  paper^  showing  Kiss  ut 
power  in  certain  muscles,  following  destruction  of  portions  of  the  brain-substance  co^  I 
respondiog  to  the  excitable  points. 

Functions  of  (he  Cerehmm, 

The  history  of  the  functions  of  the  encephalon  belongs  without  question  to  pbyiioJ' 
Ogy  and  is  one  of  the  most  extensive  and  interesting  of  the  subdivisions  of  the  scienr^; 
tut  its  range  la  so  extensive,  that  it  has  long  been  regarded  as  a  science  by  itiself  an<!  ii 
only  treated  of  exhaustively  in  special  treatises  upon  psychology.  The  study  of  psychoJf^ 
has  been  pursued  by  the  method  of  observation  macb  more  than  by  direct  cxpcrtOJMt 
It  comprehends^  it  is  true,  the  facts  deduced  from  experiments  upon  living  animals,  but 
the  results  obtained  by  this  method  are  comparatively  few  and  their  scope  h  restricl^l. 
Nevertheless,  they  are  sufficiently  definite;  and,  if  these  results  be  corrected  and  »p(tM 
to  the  human  subject  by  a  comparison  with  pathological  focts»  there  slill  remnin*  in  l'«7* 
cholotiy  much  that  may  be  regarded  as  within  the  range  of  experimental  iihysiolugT;  for 
patholoi^icftl  cases  are  very  frequently  available  to  the  physiologist  as  acciikntnl  ci\^^- 
ments  indicating  the  functions  of  parti*  of  ttie  human  organism.  Wo  cannot  rciitnct 
ourselves,  liowever,  to  this  method  in  the  study  of  the  intellectnal  phenomena;  and  ^^ 
must  draw  upon  facts  in  comparative  anatomy  and  physiology,  anthropology^  and,  tna}^^ 
npon  the  direct  observation  and  clasfifioation  of  tfie  intellectual  processes. 

The  experimental  physiologist  has  shown  that  the  encephalon  may  receive  itn|ireefio£i 
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and  appreciate  tliem  as  eensations ;  that  inipressions  may  be  here  connected  and  give 
rise  to  various  of  the  phenoraena  of  animal  and  intt^llectual  osistoiioe ;  tbtit  iiupressions 
are  recorded  by  the  uiemory ;  and,  tinully,  that  certain  parts  are  endowed  with  sf»eeial 
functions*  But  beyond  this,  psychology  is  a  science  mainly  of  introspective  observatiotiT 
the  facts  contributed  by  the  expcrinieDtalist  beinj;  few  and  barren.  The  observer  of  intol* 
l^ctnal  phenomena  studies  the  process  of  development  of  the  mind;  he  soon  separates 
the  inst-lnctive  phenomena,  observed  in  the  lower  animals  and  Id  the  human  bein^  with- 
out experience^  from  the  acts  which  follow  exjjcrience,  observation,  the  recording  of  im- 
pressions by  memory,  and  the  generation  of  ideaa ;  ho  brings  his  fierfected  intelli^'enco 
to  bear  upon  the  process  of  development  of  the  same  kind  of  intelligence  in  the  human 
beiDL'  prrigressing  from  infancy  to  adult  life;  and,  finally,  the  psychological  philosopher 
attctnptfik.  by  introspective  ubservation,  to  study  the  workings  of  the  perfect  iDtelleL't,  his 
only  means  of  investigation  being  the  very  intelligence  he  is  endeavoring  to  comprehend, 
At  the  present  day,  we  are  in  possesion  of  a  sufficient  number  of  positive  facta  to 
mider  it  certain  tbat  there  is  and  can  be  no  intelligence  without  brain-substance ;  tbat^ 
wben  brain- substance  exists  in  a  normal  condition,  intellectual  phenomena  are  manifested, 
with  a  vigor  proportionate  to  the  amount  of  matter  existing ;  that  de>tniction  of  brain- 

tance  produces  loss  of  intellectual  power;  and,  finally,  that  exercise  of  the  rntellect- 

facuUies  involves  a  physiological  destruction  of  nervou.^  substance,  necessitating 
regeneration  by  nutrition,  here,  as  in  other  tiMsuea  in  the  living  organism.  The  brain  is 
fiot,  strictiy  speaking,  the  organ  of  the  mind,  for  this  statement  would  imply  that  the 
miod  exiata  as  a  force^  independently  of  the  brain;  but  the  mind  is  produced  by  the 
brain-snbstance ;  and  intellectual  force,  if  we  mtiy  term  the  intellect  a  force,  can  be  pro- 
daced  only  by  tlio  transmutation  of  a  certain  amount  of  matter*  In  view  of  these  facts^ 
which  have  lon^  been  more  or  less  fully  recognized,  though  not,  perhaps,  very  accurate- 
ly di^fined  in  words  until  within  a  few  years,  it  is  not  surprising  that  attempts  have  been 

e  to  locate  the  ditferent  mentxil  attributes  in  particular  portions  of  the  brain.  The 
i«do-9cience  of  phrenology  is  the  most  marked  example  of  snch  an  attempt;  but  this 
tias  no  slight  a  basis  in  fact,  that  it  does  not,  at  the  present  day,  merit  serioua  scientific 
discussion. 

In  treating  of  the  functions  of  the  cerebrum,  we  shall  not  discnss  psycbology^  <»xeept 
In  so  far  as  physiologists  have  been  able  to  connect  the  mind,  taken  as  a  whole,  witb  a 
dintinct  division  of  the  nervous  system.  In  this  we  shall  draw  upon  experiments  on  liv- 
iti  -   Tacts  in  comparative  physiology,  in  pathology,  and,  to  a  certain  extent,  the 

rt>  :^rly  shown  to  exist  between  the  development  of  intelligence  and  certain  of 

the  nervt^euntres,  in  different  races  of  men  and  different  individuals.  With  regard  to 
the  location  of  particular  functions  in  distinct  p<»rtions  of  the  cerebrnm,  we  have  but 
little  definite  knowledge,  beyond  tl»e  experiments  already  cited  in  treating  of  the  irrita- 
bility of  the  cerebral  substance,  and  tlie  probable  location  of  the  faculty  of  speech.  The 
Utter  point  will  be  fully  discussed  in  its  approprinte  place. 


H|b>n 


Ertirpatinn  o/thti  Cenhmm  in  the  lower  An imah, — It  is,  perhaps,  sufficiently  evident, 
pologicid  and  pathological  observations  as  well  as  the  study  of  comparative 
^tr  tijat  the  int^L^llectiial  faculties  reside  in  the  ence])linIon  ;  but  tliese  metho<lsof 

ijivvstigtttion  do  not  clearly  indicate  the  special  functions  of  cHtTerotit  parts  of  the  crnnial 
coutenid.  We  have  seen,  in  our  general  sketch  of  the  anatomy  of  the  brain,  that  this  is 
hj  no  means  a  simple  organ,  and  that  certain  parts,  although  they  are  bound  together  by 
oommis^ural  fibres,  hare  snfficient  anatomical  distinctness  to  lead  the  phygiMlogist  to  anp- 
\mt  that  they  may  have  separate  and  peculiar  properties  and  functions.  One  of  the 
T  'le  methods  of  investigation  of  the  functions  of  thc*e  separate  ganglia  is  that 

' ;  ;'»n  of  one  or  more,  leaving  the  others,  as  far  as  posMble,  intact.     This  method 

was  Hri«t  employed  with  marked  success  by  Flourcns  and  has  since  been  adopted  by 
Raint^rons  experimenters.     It  must  be  remembered,  however,  that  there  is  no  subject  of 
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physiological  mqainr  in  which  it  is  so  difficult  to  apply  experimenta  upon  tiic  inferior  i 
uitila  U>  tbe  batuan  sabjcct^  and  none  in  which  the  results  of  expi^rimentii  tihould 
receive*!  with  greater  cauticm.  The  reason  for  this  is  apparent  enoui^h.  The  brain  and] 
tbtj  inti^lleetiial  power  of  man  are  m>  far  superior  to  tlie  development  of  this  f*r^au  and] 
its  properties  in  the  lower  anitnals,  that  some  phitosopliers  have  regarded  tht^  ituiniui' 
intelligence  as  distinct  id  oature  as  well  as  in  amount.  Although  we  are  by  uo  means 
prepared  to  accept  this  proposition,  regarding,  as  w^e  must,  the  inteUigi-nee  of  nmii  . 
simply  superior  in  development  to  that  of  the  lower  animak,  it  is  CTident  that  thi*  difie^ 
ence  in  the  degree  of  development  U  so  enormous  as  to  render  the  human  mind  ha 
comparable  with  the  iatellectua]  attributes  of  animals  low  In  Uie  scale.  But^  when  tlafj 
human  brain  is  slightly  developed,  as  in  Idiots,  or  when  the  intellectual  faculties  ar^ 
simply  diminished  in  activity^  as  in  certain  ca^s  of  disease^  the  being  is  reduced  to  a  co 
dition  very  like  that  of  some  of  the  lower  animals. 

Experiments  upon  ditferent  classes  of  animals  show  clearly  that  the  brain  is  Icflii 
important,  as  regards  the  ordinary  manifestations  of  animal  life,  in  proportion  as  its  res- 
tive development  is  smaller.     For  examide :  if  we  remove  the  cerebral  hemi^[djcrea 
tiishes  or  reptiles^  the  movements  which  we  call  voluntary  may  be  hut  little  affected  J 
while,  if  the  same  mutilation  be  performed  in  birds  or  Bc»rae  of  the  mammalia, 
dimininhed  power  of  voluntary  motion  is  much  more  marked.     It  would  he  plaii 
unphilosophical  to  assume,  because  a  fish  or  a  frog  will  anira  in  water  and  execute  3 
monts  after  removal  of  tlie  hemispheres  very  like  thosse  of  the  uniiyurcd  aninui]|,) 
the  feeble  intelligence  posiaessed  by  these  animals  is  not  destroyed  by  the  o[>eration. 
is  not  only  possible,  but  probable,  that,  in  the  very  lowest  of  the  vertebrates,  the  fonc 
tions  of  the  nervous  centres  are  not  the  same  as  in  higher  animals.    There  i%  for  < 
pie,  a  fish  (the  lancet-fish,  Amphioiiu  lanceola(us)y  that  has  no  hrniu,  all  of  the  AiucdoQi^ 
of  animal  life  being  regulated  by  the  gray  substance  of  the  spinal  cord«    It  is  essential,  ' 
in  endeavoring  to  apply  the  results  of  experiments  upon  the  brain  in  the  lower  animali 
to  hunjun  physiology,  to  isolate,  as  far  as  possible,  the  diBtinct  manifestatic/ns  of  intelli* 
gence,  from  automatic  movements.     Bearing  iu  mind,  then,  the  difficulties  of  theiiDcSi>J 
tion  and  the  caution  with  wiiicli  all  observatiLins  U[iou  the  great  nerve-centres  of  tlMPi 
lower  animals  must  be  received  in  their  applications  to  pnre  human  physiology,  we  ithall 
proceed  to  discuss  the  phenomena  following  removal  or  injury  of  the  ccrebniui  iu  dirwt 
experiments. 

In  1822  and  1823,  Flonrens  communicated  to  the  Frencli  Academy  of  Sciences  hii 
remarkable  observations  upon  the  different  parts  composing  the  encephalon.  His  rxp<?ri' 
ments  are  so  familiar  to  physiologists,  that  it  is  only  necessary  here  to  give  hxn  genflitl 
conclusions.  As  regards  the  cerebral  hemispheres,  he  found  that  the  complete  rtmotiJ 
of  these  parts  in  living  animals  (frogs,  pigeons,  fowls,  mice,  moles,  cats,  and  dog*i,  wi* 
invariably  followed  by  stupor,  apparent  loss  (»f  intelligence,  and  aheence  even  of  tb« 
ordinary  instinctive  acts.  Animals  thus  mutilated  retained  general  sensibility  and  tbe 
power  of  voluntary  movements,  but  were  thought  to  be  deprived  of  the  f:j>ecial  seUMAijf 
sight,  hearing,  smell,  and  taste.  As  regards  general  sensibility  and  voluntary  movemeoti^ 
Flourens  was  of  the  opinion  that  animals  deprived  of  their  cerebral  lobes  possessed  itf)* 
aation,  but  had  h^st  the  power  of  perception,  and  that  they  could  execute  voluntuy 
movement^  when  an  irritation  was  apidied  to  any  part,  hut  had  loi^t  the  power  of  raakinf 
euch  movements  in  obedience  to  a  spontaneous  etfort  of  the  will.  One  of  the  nwi 
remarkable  phenomena  observed  wiis  entire  loss  of  memory  and  of  the  power  of  c<»ttD0«* 
ing  ideas.  The  voluntary  muscular  system  was  enfeebled  bat  not  paralyzed.  RerocfwJ 
of  one  hemisphere  proiinced,  in  the  higher  claases  of  nnirimla  experimented  upon,  cafw* 
blement  of  the  muscles  npon  the  ojiposite  side,  but  the  intellectual  faculties  were  in  part 
or  entirely  retained.  Removal  of  even  a  considerable  portion  of  both  hcmispherM  W0 
followed  by  no  very  marked  effect  as  regards  the  int^dliirence. 

The  observations  of  Flourens  have  been  repeated  by  numerous  esperttn^litalifftA  SA^I 
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were,  in  the  main,  confirmed,  except  as  regards  the  speciul  seoBes.  Bumllaad,  in  1826, 
MAdo  a  Ittrj^e  DuniWr  of  observatiuns  npoii  pl|!e«.ins^  fowls^  rabbits,  eto.,  in  whicb,  after 
rtmoTol  of  ihe  hemispheroft,  he  noted  the  persistence  of  tbe  Benm."8  of  »»gbt  unci  hearing, 
Lotiget  finuUy  tlemonstxated  flic  fact  that  both  si^ht  anil  hearing;  are  retfilncd  after  extir- 
pation of  tbe  hemispheres,  even  more  eleitrly  than  Bouillaud,  bv  the  following  experi- 
ments :  lie  removed  the  hemispheres  from  a  pigeon,  the  anituui  ^urviinng  the  operation 
eighteen  days.  When  thia  animal  was  placLnl  in  a  dark  room  and  a  light  was  binldenly 
broaght  near  the  eyes,  tbe  iris  contracted  and  tbc  animal  winked;  ''but  it  was  remark- 
able, that  when  a  lighted  candle  was  moved  in  a  circle,  and  at  a  eutiicicnt  distance,  so 
that  tberc  s^hould  be  no  sensation  of  hent,  tlje  pigeon  executed  an  analogous  moreuient 
of  thtj  head/*  An  examination  after  death  sbuwed  that  tbe  removid  of  the  cerebrum 
had  been  complete.  An  iinimal  deprived  of  the  hemispheres  also  opened  the  eyes  at  the 
report  of  a  instol  and  gave  other  evidence  that  tli©  sense  of  bearing  was  retained. 

With  regard  to  the  senses  of  smell  and  taste,  it  is  more  diliicuit  to  deterunno  tlieir 
presence  than  to  ascertain  that  the  senses  of  sight  and  hearing  are  retained.  It  i$  4>rob- 
able,  however,  that  the  sense  of  smell  is  not  abolisJied,  if  the  hemispheres  be  carefully 
removed,  leaving  the  olfactory  ganglia  intact ;  and  there  is  no  direct  evidence  that  extir- 
pation of  tbe  cerebrum  atfecta  the  sense  of  taste;  indeed,  in  young  catHund  dogfi,  Longet 
ha*  noted  evidences  of  a  disagreeable  impresaiun  following  tbe  introduction  oC  a  concen- 
tratetl  solution  of  colocynth  into  the  mouth,  as  distinctly  aa  in  the  same  animals  under 
normal  conditions. 

W©  ftliall  now  proceed  to  describe,  aii  accurately  as  possible,  the  comlitioD  of  an  ani- 
mal after  complete  extirpation  of  the  cerebrum,  as  observed  in  numerous  experiments 
that  we  have  ourselves  made  upon  this  stibject,  prenii&iDg  the  statement  that  these  are 
Uerely  repetitions  of  observations  made  by  other  physiologists. 

A  pigeon,  in  a  [terfectly  normal  condition*  is  deprived  of  tbe  liemtsphcrcs,  by  remov- 
ing tUo  calvariam  and  carefully  scooping  out  tlie  parts  with  the  handle  of  a  scalpel. 
This  operati(m  is  usually  not  ilifRcuIt,  and  the  hicmorrhage  is  soon  arrested  spon- 
taneously. The  slit  in  the  scalp  is  closetl  with  sutures,  and  the  nniuial  \n  set  at  liber- 
ty. The  appearance  of  the  animal  after  tlvis  mutilation  is  peculiar  and  characteristic. 
There  immediately  supervenes  a  condition  of  stupor.  There  is  usually  no  attempt  at 
movement,  and^  though  the  pigeon  stands  upon  its  feet,  the  head  is  atinoi^t  buHed  in  the 
feathers  of  the  neck,  the  eyes  are  closed,  and  the  attitude  is  one  of  abwlute  inditierence 
to  !»urroundiug  conditions.  The  nms^cles  seem  to  act  with  just  sufficient  vigor  to  main* 
tain  the  standing  position.  If  wo  pinch  one  of  tbe  toes  or  grasp  the  beak,  there  is  evi' 
dent  fteUHation,  and  a  persistent  iind  more  or  le!*.^  vigorous  effort  la  made  to  release  the 
part  It  is  sufficiently  evident,  from  these  and  other  testn,  that  sensation  and  the  power 
of  voluntary  motion  are  retained  ;  but,  as  soon  as  the  animal  is  left  quiet,  it  relapses  into 
iti  stupid  condition,  makes  no  effort  to  escape,  and  apparently  loses  immediately  all 
recollection  of  having  been  disturbed.  The  irritation  baa  evidently  produced  a  sensation 
of  discomfort  and  has  given  rise  to  a  voluntary  muscular  effort;  but  there  has  been  no 
idea  of  danger,  nor  an  intelligent  etfurt  to  avoid  a  repetition  of  the  disagreeable  or  pain- 
ful ]Qipr«Mf«ion. 

It  is  easy  to  demonstrate,  by  experiments  snch  as  we  have  just  detailed*  that  the 
aaimal  «ees  and  hearii ;  but  it  connects  no  idea  with  any  thing  seen,  and  the  report  of  a 
pistol,  which,  under  natural  conditions,  would  excite  terror  and  an  idea  of  danger,  simply 
caases  the  pigeon  to  give  evidence  that  the  sound  has  been  heard.  As  we  have  already 
itatffd^  it  i*  probable  that  the  animal  has  the  sense  of  smell,  but  it  Is  difficulty  if  not  impos- 
■Iblc,  to  establish  this  point  experimentally.  The  same  remark  applies  to  the  sensations  of 
Imager  and  thirst.  The  animal  may  feel  the  want  of  water  and  focMl,  Imt  it  has  no  idea  of 
relicvmg  these  sensations  by  drinking  and  eating,  and,  if  left  to  itself,  w  ill  die  of  inanition. 
There  has  been  a  great  deal  of  dii^cujision  among  expenmentidists  with  regard  to 
j*tKTOtuneous  voluntary  movements  in  animals  deprived  of  the  cerebral  heraisplieret*.    The 
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expenmental  conditioiid  necessary  far  detcrmmiDg  this  |>oint  ar^  the  following: 
ob&(?rver  must  bo  certain  that  the  romoval  of  the  hemispljerea  lias  betn  cotuplute;  for  it 
has  been  cleurly  shown  thatj  even  when  a  small  amount  ut  cerebntl  sub^titnce  hat>  ea^j 
caped,  the  functions  of  tbeeo  parta  are  not  entirely  abolished.    Aguin,  we  must  be  Ci|ualljr| 
certain  tbat  movemeDta  which  seem  to  be  due  to  a  spontaneous  act  of  volition  take  ploc^ 
when  the  animel  lias  not  been  aroused  from  the  condition  of  stnpor  which  resujt^ 
the  operation.     Generally,  when  the  animal  is  left  to  itaelt  the  condition  of  stupor  pe 
sistt«;  but^  when  aroused  by  artificial  means,  it  wilt  walk  a  few  steps,  plume  the  feather 
shake  ifs  liead,  and  tuak©  various  voluntary  movements  without  farther  irritation, 
relapsing,  however,  into  somnolency.     One  of  the  moi^t  accurato  and  reliable  of  tiM 
recent  observer!^  of  these  phenomena,  Vulpian,  asserts  without  reserve,  that  an  animai,"] 
deprived  completely  of  the  cerebral  hemispheres^  is  incapable  of  a  spontaneous  voluntaryj 
effort ;  and  we  are  inclined  to  an  unqualitied  adoption  of  this  opinion,     Witli  regard  to  ftj 
rabbit  from  which  Vulpian  had  removed  the  cerebral  hemispheres  and  tbe  coqjora 
ata,  Iio  makes  the  following  statement:   **  I  do  not  hesitate  to  say  that  tliis  rshblt 
completely  deprived  of  spontaneous  volition.     All  its  movements,  which  are,  indeedj 
much  less  varied  than  those  of  a  bird  operated  upon  in  the  same  mamier,  are  exrhisiveiy 
and  directly  due  to  a  stimulation  prodticod  by  exterior  excitations^  or  by  interior  incho 
tions,  such  as  fatigue^  etc.''* 

In  view  of  the  very  great  variety  of  movements  tbat  occur  in  animals  after  remoii 
of  the  cerebrum,  it  is  quite  diHScult  to  define  precisely  what  movements  are  due  to  volun 
tary  action  depending  upon  some  external  or  interior  impression,  which  are  really  r«-<le 
voluntary  movements,  and  to  distinguish  them  front  those  which  arise  from  aspontua<»o 
and,  perhaps,  an  intelligent  effort  of  th©  will.  These  points  have  been  bo  adruiniUl 
described  in  a  recent  article,  by  Onimus,  tliat  we  quote  his  concluding  summary : 

**  As  A  smnmary,  in  the  inferior  animals,  as  in  the  superior  animals,  the  renjoval  of  i 
cerebral  hemispheres  docs  nut  cause  to  disai>pear  any  of  the  movements  tbat  previocrafi 
existed.     Only,  these  movements  assume  certain  peculiar  characters.     In  the  lin^t  I»la<vJ 
they  are  more  regidar,  they  have  the  true  normal  type,  for  no  psychical  influence  mier^ 
venes  to  modify  them ;  the  locomotor  apparatus  is  brought  into  action  w^ithout  interfer- 
ences, and  one  oould  almost  say  tbat  tbe  ensemhU  of  movements  is  then  more  aormil 
than  in  the  norm nl  condition, 

**  In  the  second  place,  the  movements  execnted  take  place  inevitably  alter  ceftiia 
excitations.  It  u  a  nfcessih/  that  the  frog  placed  in  water  should  swim,  and  ihsl  til 
pigeon  thrown  into  the  nir  should  fly.  The  phyMologii^t  can  then,  at  will,  in  an  animl 
without  the  brain,  determine  such  and  audi  an  act,  limit  it,  arrest  it ;  be  can  antidiJlti 
the  movemcnti*  and  aihrm  in  advance  tliat  they  will  t^ko  place  under  certain  conditiow^ 
absolutely  as  the  chemist  knows  in  advance  the  reactions  that  he  will  obtain  In  niSilBf 
certain  bodies. 

**  Another  peculiarity  in  the  movements  tbat  take  place,  when  the  cerebral  lobw  iw 
removed,  is  their  continuation  after  a  first  imprej^ion.  On  the  ground,  a  frog  witiuni 
the  brain  wlien  irritated  makes,  in  general,  two  or  three  jumps  at  tlie  m<^*st  j  it  is  me 
that  it  makcii  but  one.     Placed  in  water,  it  continues  the  movement  of  ni:  il  tt  j 

meets  with  nn  obstacle  ;  it  is  the  same  in  the  carp,  ^i\  etc.     The  pigcin  ^  ta! 

fly.  tJie  <luck  and  goose  continue  to  swim,  etc.     We  should  say  that  there  is  a  spring 
whteh  needs  ft^r  its  action  a  first  impulsion,  and  which  is  stojiped  by  the  ^ligbteat  re>i«l- 
nnce.     But,  what  is  striking,  is  precisely  that  continuation  of  the  c<»nd)tion  once  dettr* 
mined,  and  we  cannot  refrain  from  connecting  the  fact*?  observed  in  an  animal  dejuritcdl 
of  the  cerebrol  lobes  with  those  which  con-^titute  the  characteristic  proj>crties  of  inor-J 
ganif  mutter.     Brought  into  movement,  the  animal  without  a  brain  retains  the  mov 
ment  until  there  is  exhaustion  of  tbe  conditiono  of  movement,  or  until  it  meets  w4lJ 
resistance ;  taken  in  repose,  it  remains  in  the  stnte  of  inertia  until  an  exteriiyr 
intervenes  to  bring  it  otit  of  this  rondition.     It  is  Hrin^^  inert  maitcr*^^ 


There  is  now  no  room  for  iliscassion  with  regard  to  tho  persistence  of  general  send* 
bility  after  removal  of  the  hemispliere!*.  The  experiment  uf^on  a  pigeon  leaves  no  doubt 
upon  this  point,  but  the  saseeptibilitv  to  pain  has  been  uiueh  njf»re  Ktrikingly  UlQBtniU«d 
in  other  animals.  Yulpian,  in  deseribizig  tbe  condition  of  animals  operated  upon  in  this 
way,  illustrates  tb©  persistenoe  of  sensibility  in  rats  and  rabbits,  by  tbe  viulent  criea 
which  follow  painful  inipreftsioos. 

In  concluding  our  fonsideration  of  the  observations  upon  inferior  animals,  it  only 
remains  tW  ns  to  dis<.'U!iH  briefly  certain  late  experimeut*?,  which  have  attracted  a  great 
ttUH  of  attention  from  the  fact  that  they  seem  to  show  that  spontaneous  volition  exi»t« 
PHbir  complete  extirpation  of  the  cerebrum.  These  experimoots  have  been  most  ably 
and  satisfaclorily  analyzed  by  Vulpinn*  iUAiz  argues,  from  experiments  upon  frogs  and 
the  movements  executed  after  extirpation  of  the  braiUi  that  these  animiils  make  intolU- 
g:ent  mnsealar  efforts  when  deprived  of  the  hemiapheres ;  and  the  phenomena  observed 
after  this  mutilation  are  indeed  very  curious.  As  was  shown  by  Vulpian^  in  bis  own 
experiments^  frogs  and  ti.shes  thrown  into  water  will  swim  about  and  the  frogn  will  even 
succeed  in  getting  out  of  the  water,  hut  then  they  immediately  rehipse  into  a  torpid  cod- 
dttion.  \Ve  do  not  conceive  tlmt  these  facts  are  in  opposition  to  the  statement  just 
made  with  regard  to  the  absence  of  spontaneous  volition  in  birds  and  the  mammalia, 
particularly  in  view  of  the  slight  importance  of  the  functions  of  the  cerebrum  as  com- 
pared with  the  spinal  cord  in  the  lower  orders  of  vertebrate  animals.  The  \iews  lately 
advance^l  by  Voit  are  based  upon  an  isolated  experiment  upon  a  pigeon  that  was  kept 
alive  for  fii"©  months  after  the  cerebral  lobes  had  been,  as  stated  by  Voit,  completely 
removed.  At  first  the  pigeon  presented  the  phenomena  usually  obsorved  after  this  opera- 
tion ;  but  it  gra*lually  rectivered,  until  finally  it  seemed  entirely  normal,  with  the  single 
exception  that  it  never  would  eat»  all  food  bein^  introduced  forcibly.  Five  inoaths  after 
•  the  operation,  the  pigeon  was  killed  and  the  encophalie  cavity  was  foiiml  lilled  with  a 
white  substance  containing  dark -bordered  nerve-fibres  and  nerve-cells.  Voit  never  before 
observed  any  thing  like  regeneration  of  the  nervous  suljstance  or  so  complete  a  restora- 
tion of  the  cerebral  fanetions ;  and  he  regarded  this  aa  an  instance  of  anatomical  and 
physiological  regeneration  of  the  hemispheres.  The  objections  to  accepting  this  observa- 
tion with  the  physiological  conclusions  presented  by  Voit  are,  that  it  is  not  only  possible 
but  probable^  that  the  hemisplieres  were  not  entirely  removed  and  that  the  posteriop 
portion  of  the  encephalon  had  advanced  to  occupy  in  part  the  space  originally  tilled  by 
the  extirfiated  mass.  While  we  do  not  assume  that  anatomical  and  functional  regenera- 
tion of  the  cerebrum  in  a  pigeon  is  impossible,  it  must  be  admitted  that  such  an  extraor- 
dinary statement  as  that  made  by  Voit  cannot  bo  accepted  without  reserve,  merely 
npon  the  basis  of  a  single  observation. 

Pathohfjicat  Faets  hen  ring  upon  th^  Ffwctiojis  of  the  Cerebrum, — A  careful  study  of 
tbe  phenomena  which  attend  certain  pathobigical  conditions  of  the  brain  in  the  human 
BUhject  such  a^  laceratit>n  or  pressure  from  effusion  of  blond,  softening  of  the  nervous 
substance,  eto.,  taken  in  connection  with  the  results  of  experiments  upon  living  animals, 
throws  considerable  light  npon  the  functions  of  certain  distinct  portions  of  tbe  encephalon. 
Cerebral  hiBmorrhage  \ery  commonly  involves  the  corpus  striatum,  either  directly  or 
indirectly,  and  tlien  we  have  paralysis  of  motion  liinited  to  the  side  of  the  body  opposite 
to  the  lesion.  MTien  the  optic  thalamus  is  affected,  there  is  impairment  of  sensibility 
apon  the  opposite  half  of  the  body.  These  facts  illustrate  the  course  of  the  motor  and 
ftensory  conductors  from  and  to  tbe  cerebrum.  It  is  not  very  common  to  oliserve  lesions 
confinet!  to  the  gray  or  white  substance  of  the  hemispheres,  but,  when  this  occurs  and 
when  there  is  no  pressure  upun  the  corpora  strint^i  or  optic  tbalami,  there  is  no  paralysis 
of  motion  or  sensation,  although  there  may  be  a  certain  amount  of  weakness  of  the  muscles 
npon  the  aide  of  the  body  opposite  the  in^inry.  Experiments  upon  the  inferior  animals 
have  confirmed  the  conclusions  to  be  drawn  from  tliese  pathological  facts.     In  frogs, 
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6ahcd,  and  birditf  when  one  hoiuiBphere  lias  been  remoTed,  the  evidcncea  of  feebl^neag  < 
the  niU(*cU'8  »)f  tlie  opposite  side  ai'e  not  very  marked;  but  tbey  are  quite  distmct  In  tlie 
adult  manmmlin. 

It  \B  n  fact  now  generally  admitted  in  pathology^  that  loss  of  cerebral  snb^tance  froa 
rei>eated  ba^morrha^'o  ia  suuner  ur  later  followed  by  imimirment  of  the  intellectual  fftool^ 
ties,  Thia  point  it  is  frequently  diffieult  to  determine  in  a  sioglo  instances,  but  an  unolyfi 
of  a  sufficient  numher  of  eases  shows  irnpairi?d  memory,  tardy,  inaccurate,  and  fevbk 
connection  of  ideas,  abnormal  irritability  of  temper  with  a  childish  busceptibility  ti*  pettfl 
or  imaginary  annoyances,  easily-excited  emotional  iiianifestations,  and  a  variety  uf  jibe 
noraena  deouting  abnormally  feeble  intelleclual  power,  following  any  coDbiderable  diwr* 
gani^ation  of  cerebral  substance.  In  short,  pathological  conditions  of  the  brain  all  gole 
ahovr  that  the  intellectual  faculties  are  connected  with  tUo  cerebral  hemi^jdicres. 

As  a  final  arj^'uraent  drawn  from  pathology,  in  favor  of  the  view  just  stated,  we  hn^t 
only  to  idlude  to  the  size  of  the  brain  iu  certain  cases  of  idiocy.  There  are  on  re«cfd 
numerous  examinations  of  the  brain  in  idiots,  in  which  this  organ  has  been  found  lo  h 
less  thnn  one-half  of  the  ordinary  weight;  as  the  cascH  reported  by  Tiedemann,  ofi^i 
26f,  and  22i  ounces,  in  three  idiotn,  whoso  a«?t»s  were,  respectively,  sixteen,  forty,  ttd 
My  years.  A  case  has  been  rei>orted  by  Mr.  Gore,  of  an  idiotic  worrjan,  forty-two  tc«» 
of  ai^ei,  whose  brain  weightid  ten  ounces  und  five  |frains;  and  one  by  Mr.  Marsliull,  of  :fi 
idiotic  hoy,  twelve  years  old,  whose  brain  weifjhed  but  8^  ounces.  Mr.  Bradley,  in  » late 
number  of  the  Jourrutl  of  Anatomy  and  Phy»iolo(jy,  jL'ives  an  elaborate  description  «i/tlw 
brain  of  an  idiot,  thirty-live  years  of  age,  extremely  emaciated  at  the  time  of  \m  ^nt\ 
when  he  weighed  but  sixty  pounds,  llie  enceplmlon,  including  the  cerebrum,  cerebdlBDv 
and  pons,  weighed  twenty-eight  ounces,  and  the  proportion  of  the  cerehellnra  to  tlie 
cerebrum  was  as  1  to  5*5.  In  the  healthy  adult  male  of  ordinary  weight,  the  enocpyan 
weighs  filly  ounces,  and  the  proportiim  of  the  cerebellum  to  the  cerebrum  is  as  I  tuKf» 
Mr.  Bradley  calls  attention  to  the  projjortion  of  tiie  cerebellum  tf)  the  cerebrtirn  ia  iJib 
ease,  stating  that  this  ia  common  in  the  encephahin  of  idiots.  In  idiots,  the  weight  oftltp 
body  is  generally  much  below  tlio  normid  standard ;  and,  in  the  case  reported  by  BrftdUr, 
the  proportionate  weight  of  the  encephalon  to  tlmt  of  the  entire  body  is  even  greater  diB» 
in  the  healthy  adult.  If,  for  example,  we  double  the  weight  of  tlie  body  and  the  brtin, 
wo  should  have,  for  one  hundred  and  twenty  pounds  of  weight,  an  encephalon  of  fiftj'«i 
ounces.  This  point,  however,  cannot  be  admitted  as  an  argument  ngainst  the  fuctib** 
congenital  idiocy  is  usually  nttended  with  an  abnormally  small  development  of  the  hd- 
spheres.  Most  idiots  take  little  or  no  exercise ;  they  are  under-size^l,  and  have  but  little 
muscular  vigor;  and  it  is  probable  thfit  the  general  development  of  the  body  is  more  ^ 
lees  a  consequence  of  the  abnormal  cerebral  condition.  Wo  might  compare  the  weight 
of  the  bcMly  in  Mr.  Bradley^s  case  with  that  of  a  child  from  seven  to  fourteen  vetfiof 
age;  and,  at  this  period  of  life,  according  to  the  tables  compiled  by  Quain,  the  n%triB» 
weight  of  the  encephalon  is  45-96  ounces,  for  tlie  male,  and  40-78  ounces,  for  «!»• 
female. 

The  statements  just  made  with  regard  to  the  brains  of  idiots  refer  to  coses  ehawc' 
terized  by  complete  absence  of  intelligence,  and  farthermore,  jirtdjably,  by  very  imiU 
development  of  the  hody.      On  the  other  liand,  there  are  instances  of  idiocy,  th«  body 
being  of  ordinary  size,  in  which  the  weight  of  the  encephalon  is  little  if  any  below  tlifj 
average.     Lelut  reports  several  cases  of  this  kind.     In  one  of  these,  a  deaf-rante  idifll^| 
forty-three  years  of  age,  a  little  above  the  ordinary  stature,  presenting  **  idiocy  of  tht 
lowest  degree;  no  speech;  almost  no  sign  of  intelligence;  no  care  for  clcanlineM,'*  th< 
encephalon  weiprhed  49*32  oz.    Other  cases  of  idiots  of  medium  statnre  are  given,  m  wliiri 
the  brain  weighed  but  little  less  thnn  the  normal  inenige.     These  fact4«  ilhi^itrat- 
eulty  of  subordinating  individual  observations  to  any  general  rule,  and  this  is  y. 
marked  with  regard  to  the  brain,  the  structure  of  whiob  ia  so  complex  and  dittlculii 
investigation. 
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Compftmtite  Detehpment  ^fthB  Cfrehnim  in  th€  Loner  Animals, — It  is  only  neres- 
to  refer  very  briefly  to  the  de\  elojuiivnt  of  the  cerebrum  io  the  lower  nnimals  as 
oamp&r«Kl  with  the  bnman  subject,  fo  sitow  tlie  cutinection  of  the  bemisiihores  with  intel- 
ligence. In  man*  thy  ciTebruui  presentjii  an  iuiinensu  preponderunfe  in  weight  over  other 
porti<ins  of  the  enceiihnk>n  ;  and,  in  some  of  the  lower  nnimals,  tlio  cerebrum  i»  even  W'm 
in  wt'i|(ht  than  the  cerebelhini.  In  man,  aJso^  not  unly  the  relntive  but  the  absolute 
irciffht  of  the  brain  is  greater  than  in  luwer  animali!«,  with  but  two  exceptions.  Tudd 
cite*  a  noinber  of  observations  iiiiide  upon  the  brains  of  elephant?,  in  which  the  weights 
rongud  from  nine  to  ten  pounds.  Rudolplii  givea  the  weight  of  the  eneepbalon  of  a  whale, 
5eveoty*fivc  feet  long,  as  considerably  over  five  pounds.  AVith  the  exception  of  ihe^o 
aninud«,  njan  possesses  the  large^st  brain  in  the  zoological  Bcalo. 

Another  interesting  point  in  this  connection  is  the  development  of  cerebral  eonvoln* 
tiona  in  ct^rtiiin  animals,  by  which  the  rulutivt;  amonnt  of  gray  luiitter  is  increased.  Iti 
fishes',  reprik'-s  and  birds,  the  surface  of  the  hemispheres  is  smooth;  but,  in  many  mam- 
malia, especially  in  those  remarkable  for  intelligence,  the  cer*;brimi  presents  a  greater  or 
Ir^  number  of  convolutions,  as  it  does  in  the  human  subject. 

Comparing  the  relative  size  of  the  brain,  ita  comj)lexity  of  organization,  and  tha 
illieroa^  of  its  gray  enhstanee  by  convolution^,  with  the  development  of  Intelligence  in  the 
iUiiitial  scjiie,  it  is  so  evident  that  the  cerebrum  is  the  organ  presiding  over  the  intenetitnal 
facahle>v  tliat  this  point  in  our  argument  seems  to  need  no  farther  discussion. 


IhttlGpmeiit  of  the  Cerehrym  in  Different  Baets  of  Men  and  in  Different  Individual* 
— It  may  be  stated  as  a  general  proposition,  that,  in  the  different  races  of  men,  the  cere* 
bfttm  isdevelo(>ed  in  proportion  to  their  intellectual  power;  and,  in  dirterent  individnaJd 
«f  the  satnc  race,  the  same  general  rule  obtains.  Still,  this  law  presents  marked  excep* 
IJoiUL  Certain  brains  in  an  inferior  race  may  be  larger  than  tlie  average  in  the  superior 
rftce;  and  it  Is  frequently  observed  that  unusual  intellectual  vigor  is  coexistent  with  a 
■mall  bruin,  and  the  reverse.  These  exceptions,  however,  do  not  take  away  from  the  force 
of  the  original  proposition.  As  regards  races,  the  rule  is  found  to  be  invariable,  when  ft 
jfttfficient  number  of  observations  are  analyzed,  and  the  same  holds  true  in  comparing  a 
large  number  of  individuals  of  the  same  race.  Average  men  have  an  advantage  over 
average  women  of  about  six  ounces  of  cerebral  snbstance;  and,  while  many  women  ar© 
fsLT  fiiperior  in  intellect  to  many  men,  snch  instances  are  not  sufficiently  nuineroiis  to 
invalidate  the  general  law,  that  the  greatest  amount  of  intellectual  capacity  and  mental 
rigor  is  coincident  with  the  greatest  quantity  of  cerebral  snbstance.  If  we  accept  the 
view^  whieh  is  in  every  way  reas*>nalde,  that  the  gray  substance  of  the  cerebral  lieml- 
sphdva  is  the  generator  of  the  mind,  it  would  be  necessary,  in  comparing  different  indi- 
fidnals  with  the  view  of  establishing  a  definite  relation  between  brain-substjince  and 
intelligence^  to  estimate  the  amount  of  gray  matter ;  but  it  is  not  easy  to  see  how  this  cnn 
b«  done  with  any  degree  of  accuracy. 

It  ia  tiodoubtedly  true  that  proper  training  and  exercise  develop  and  increase  th<i  vigor 
€fi  the  ifttellectnal  faculties,  and  that  thereby  the  brain  is  increased  in  power,  as  are  the 
laaseleA  and  or  analogous  conditions.  This  will  perhaps  expLiin  some  of  the  exceptions 
al"  '     iicd;  but  nn  additional  explanation  may  be  found  in  differences  in  the  quality 

01  stance  in  different  individuals,  indeyiCDdently  of  the  size  of  the  cerebral  hem- 

i\j^.  One  evidence  that  these  differences  in  the  quality  of  intellectual  working 
'  exi8t  IM,  tliat  some  Bmall  brains  actually  accomplii^h  more  and  better  work  than 
some  large  brains.  This  fact  may  be  due  to  differences  in  training,  to  the  extraordinary 
4eT©!upment  in  iioine  individuals  of  certain  qualities,  to  intensity  and  pertinacity  of  pur 
pose,  capacity  for  persUtent  labor  in  certain  directions,  a  fortunate  direction  of  the  men* 
taj  cffitrts,  opportunity  and  circumstances,  etc. ;  luit,  aside  from  these  considerationB;,  it 
is  exceedingly  probable  that  there  are  important  individual  differences  in  the  quality  of 
generating  nervous  matter. 
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In  concluding  this  portion  of  our  argument,  we  present  a  table  of  an  exceedingly  inter- 
esting series  of  observations  upon  the  comparative  weights  of  the  enccphalon  in  the  Cauca- 
sian, tlie  negro,  and  the  intermediate  grades  produced  by  the  union  of  the  two  races.  The 
observations  in  this  table  are  hardly  sufficient  in  number  to  establish  the  exact  relations 
between  the  brains  in  the  different  grades  of  color,  but  they  illustrate  points  of  peculiar 
interest  in  this  country,  where  the  blacks  are  so  numerous  and  where  the  union  of  the 
two  races,  white  and  black,  is  so  common.  "We  also  give  a  list  of  some  of  the  weU- 
authenticated  weights  of  the  enccphalon  in  men  whose  intellectual  faculties  had  been 
observed  during  life.  This  latter  list  we  have  prepared  with  great  care  and  have  intro- 
duced some  observations  not  found  in  most  works  upon  physiology.  In  estimating  the 
intellectual  power  of  individuals,  it  is  difficult  to  arrive  at  exact  conclusions,  except  witli 
regard  to  men  of  acknowledged  eminence.  Still,  the  statements  are  as  accurate  as  pos- 
sible and  must  be  taken  for  what  they  are  worth.  Several  of  the  examples  given  in  this 
list  are  marked  exceptions  to  the  general  rule,  that  the  mental  vigor  is  in  proportion  tOii^ 
the  amount  of  brain-substance. 

"We  have  not  considered  it  necessary  to  enter  into  a  discussion  of  tlie  relations  of  th^ 
facial  angle  to  intelligence  in  the  lower  animals  and  in  different  races  of  men.    It  wa  ^ 
proposed  by  Camper  to  take  the  angle  made  at  the  junction  of  two  lines,  one  drawn  froi^^ 
the  most  projecting  part  of  the  forehead  to  the  alveola)  of  the  teeth  of  the  upper  jai%- 
and  another  passing  horizontally  backward  from  the  lower  extremity  of  the  first  line,  h.« 
the  facial  angle.     This  angle  is,  to  a  certain  extent,  a  measure  of  the  projection  of  tbe 
anterior  lobes  of  the  brain.     Numerous  observations  upon  the  facial  angle  in  different 
races  were  made  by  Camper  and  by  other  physiologists  and  ethnologists.    Tliey  show,  in 
general  terms,  that  the  angle  is  larger  in  man  than  in  any  of  the  inferior  animals  and  is 
largest  in  those  races  that  i)ossess  the  greatest  development  of  intellectual  power. 


Ethnological  Tahh,  derived  from  405  Autopsies  of  White  and  Negro  Brains,    Made 
tinder  the  Direct  ioji  of  Surgeon  Ira  Russell,  llth  Massachusetts  Volunteers. 
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Tahle  of  Weights  of  the  Fncej)ha?on,  in   ounces,  ar.,  in  Individuals,  in  some  ofvhojn  '^' 
iJrgrec  of  Intelligence  is  more  or  Uss  accurately  knoun, 

Cromwell,  apod  59  (not  accepted  by  physiologist?) 82-29  oi. 

Byron,  aped  Si)  (not  accepted  by  pbysiolopists) 790*^ 

Bricklayer,  aped  38  ;  fair  intelligence,  but  could  neither  read  nor  write  (reported  bj  Dr. 

James  Morris) 67  ^"^ 

Cuvier,  aged  63  (Archiv(8  gintrales  de  midicine,  1832) 64 'S^ 
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Abercrombie,  aged  68  (reported  by  Dr.  Adam  Hunter) 63'00  oz. 

Congenital  epileptic  idiot  (reported  by  Dr.  Tuke) 60-00  ** 

RulofT,  aged  53 ;  above  medium  stature;  executed  for  murder,  in  1871 ;  well  versed  in 
languages,  imagining  that  he  had   discovered  new  and  important  principles  in 

philology  (reported  by  Dr.  George  Burr) 59*00  " 

James  Fisk,  Jr.,  aged  37  ;  killed  in  New  York,  in  1872  ;  illiterate,  but  said  to  possess 
great  executive  ability  ;  notorious  for  colossal  and  unscrupulous  financial  specula- 
tions (reported  by  Dr.  Marsh) 6800  " 

Boy,  aged  13 ;  healthy  and  intelligent ;  died  from  injuries  caused  by  a  fall  {BritUh  MaJi- 

cai  Jourfial,  Oct.  19,  1872) 5800  " 

Spurzheun  {Medico- CJiirurgical  Review,  1836) 6506  " 

Adult  man  ;  an  idiot  since  two  years  of  age  (Wagner) 54*95  " 

Laborer,  aged  22  ;  died  of  fracture  of  the  pelvis  (Wagner) 63*79  " 

Daniel  Webster,  aged  70  (reported  by  Dr.  John  Jeffries) 53*50  " 

Celebrated  mathematician,  aged  54  ;  above  the  ordinary  stature  (Wagner) 53-41  " 

Agassiz,  aged  66  (reported  by  Dr.  M.  Wyman) 53*40  " 

Executed  criminal,  aged  45 ;  medium  stature ;  of  less  than  ordinary  intelligence,  and  un- 
cultivated (Ulut) 53-12  " 

Celebrated  clinical  professor,  aged  62 ;  medium  stature  (Wagner) 62-88  " 

Mathematician  of  the  first  rank,  aged  78  ;  medium  stature  (Wagner) 52-62  ^ 

Executed  criminal,  aged  34  ;  rather  large  in  stature ;  ordinary  intelligence,  but  singu- 
lar and  somewhat  cultivated  (L61ut) 50-09  " 

Dupuytren,  aged  58  (Cruveilhier,  Uusson,  and  Bouillaud) 49-68  " 

Day-hiborer,  aged  49  (Wagner) 48*85  " 

Executod  criminal,  aged  29 ;   medium  stature ;    of  scarcely  ordinary  intelligence  and 

uncultivated  (Ulut) 48*81  " 

Executed  criminal,  aged  42 ;  a  little  above  medium  stature ;  intelligence  fine,  devel- 
oped, and  slightly  cultivated  (L6lut) 48*81  " 

Idiot,  of  a  very  low  degree  of  intelligence,  aged  37 ;  a  little  above  medium  stature ; 

movements  very  active  (L61ut) 4867  " 

Deaf-mute,  aged  43 ;  a  little  above  medium  stature ;  an  idiot,  of  the  lowest  degree  of 

intelligence  (Lelut) 48*32  " 

Executed  criminal,  aged  46 ;    medium  stature ;    of  ordinary  intellij^ence,  uncultivsitcd, 

but  proud  and  vivacious  (L6lut) 4814  ** 

Man,  slightly  imbecile,  aged  67 ;  medium  stature  (Lelut) 48*14  " 

Man,  about  60  years  of  age  (Wagner) 4814  " 

Celebrated  philologist,  aged  64 ;  5  feet  7^  inches  tall  (Wagner) 47*90  " 

Executed  criminal,  aged  34  ;  small  stature ;  intelligence  developed  and  cultivated  (L^lut).  47*79  " 

Man,  about  24  years  of  age  ;  died  of  aortic  insufficiency  (Wagner) 47*69  " 

Day-laborer,  aged  51  (Wagner) 47*44  ** 

Man,  34  years  of  age  ;  died  of  pneumonia  (Wagner) 47*26  " 

Brigand  and  assassin,  aged  32  ;  beheaded  (Wagner) 46*91  " 

Idiot  of  the  lowest  degree  of  intelligence,  aged  24 ;  medium  stature  (L61ut) 46*56  " 

Executed  criminal,  aged  27 ;  medium  stature ;  of  ordinary  and  uncultivated  intelligence 

(L6lut). 46*21  »* 

Executed  criminal,  aged  40;  at  least  of  medium  stature;  intelligence  developed  and 

cultivated  (L61ut) 46*21  " 

Railroad  laborer,  aged  23  (Wagner) 46*21  " 

Executed  criminal,  aged  29  ;  intelligence  hardly  ordinary,  and  uncultivated  (L^lut) 45*50  " 

Wood-cutter,  aged  57  ;  died  of  vertebral  caries  (Wagner) 44*90  ** 

Idiot,  below  the  condition  of  a  brute  ;  aged  39  (Lelut) 44*30  " 

Imbecile,  with  difficulty  in  movements ;  aged  67 ;  intelligence  correct,  notwithstand- 
ing its  slight  development  (Ldlut) 43*56  " 

Man,  84  years  of  age  ;  died  of  phthisis  (Wagner) 43*38  " 

Celebrated  mineralogist,  aged  77  ;  above  medium  stature  (Wagner) 43*24  " 

Executed  criminal,  aged  31 ;  small  stature  ;  intelligence  mobile  and  exaggerated  (L6lut) .  42*04  ** 

Upholsterer,  aged  60  ;  died  of  phthisis  (Wagner) 40*91  " 
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Imbecile,  aged  23;  large  stature  (L61ut) 88*97  oz 

Idiot,  of  the  lowest  degree  of  intelligence ;  aged  46  ;  medium  stature  (L^lut) 86*86  ^ 

Man,  46  years  of  age ;  idiocy  very  profound  ;  very  large  stature  (L61ut) 86-15  " 

Man,  44  years  of  age ;  idiocy  very  profound  ;  a  little  below  medium  stature  (Lelut) 84*89  " 

In  compiling  tho  foregoing  tabic,  we  have  in  every  instance  consulted  the  autbeDtic 
reports  of  tbe  weights  of  the  brain  and  have  reduced  them  all  to  ounces  aT.  with  the 
greatest  care.  This  was  found  necessary,  on  account  of  the  important  variations  in  the 
reports  qucfted  by  different  physiological  authors,  especially  as  regards  the  brains  of 
Cuvier,  Webster,  and  Dupuytren.  We  believe  that  our  figures  are  absolutely  correct 
The  weights  of  the  brains  of  Cromwell  and  Byron  are  given,  but  there  can  be  hardly  any 
question  that  tho  weights  are  grossly  exaggerated.  A  careful  study  of  the  weights  given  in 
this  table  shows  the  impossibility  of  applying  to  individuals  an  absolute  rule  that  the  greflt- 
est  brain-power  is  connected  with  the  greatest  amount  of  brain-substance.  The  men  of 
acknowledged  intellectual  ability  in  the  table  are,  Cuvier,  Abercrombie,  Spurzheim, 
Webster,  Agassiz,  Dupuytren,  and  those  cited  by  Wagner  as  celebrated  mathematiciani, 
professors,  etc.  A  bricklayer,  Cuvier,  and  Abercrombie  stand  at  the  head  of  the  list, 
as  regards  tho  weight  of  the  brain ;  but  above  Webster  and  Dupuytren,  are  Ruloff,  Fwk, 
two  idiots,  a  boy  thirteen  years  old,  and  a  common  laborer.  Far  down  in  the  list,  iii 
celebrated  mineralogist,  whoso  brain  is  at  least  six  ounces  below  the  average.  Tbe 
advanced  age  of  the  person  referred  to  (seventy-seven  years)  would  not  account  for  the 
small  weight  of  the  brain,  although  the  weight  is  undoubtedly  diminished  in  old  personi. 
We  are  not  surprised,  then,  in  the  tables  based  upon  observations  of  thousands  of  healthy 
brains  of  men  not  remarkable  for  great  intellect,  to  find  many  between  fifty-five  and  sixty 
ounces  in  weiglit. 

As  the  general  result  of  all  tho  observations  upon  the  human  subject,  while  we  admit 
that  intellectual  vijror  is  in  general  coincident  with  large  development  of  the  cerebral 
hemispheres,  there  are  certainly  many  striking  exceptions  to  this  rule  when  it  is  applitd 
to  individuals. 

Location  of  the  Faculty  of  Articulate  Language  in  a  Restricted  Portion  of  the  Ante- 
rior Cerehral  Lohcs, — Physiologists  are  often  slow  to  accept  important  facts  bearing  directly 
upon  the  functions  of  ])arts,  drawn  exclusively  from  pathology,  especially  when  these 
facts  arc  not  capalJo  of  demonstration  by  experiments  upon  tho  lower  animals;  and  per- 
haps this  is  due  to  a  certain  distrust  of  tho  accuracy  of  pathological  researches  as  com- 
pared with  the  exact  results  of  well-executed  experimental  observations.  As  regards  tbe 
faculty  of  speech,  however,  our  study  must  be  confined  to  man,  the  only  animal  capable 
of  articulate  language,  and  our  data  are  drawn  exclusively  from  pathology.  Some  phyao- 
logical  writers  are  still  disposed  to  regard  tho  location  of  the  faculty  of  speech  as  not 
definitively  settled;  but,  from  a  careful  study  of  the  pathology  of  aphasia,  we  are  con- 
vinced that  there  is  no  point  in  the  physiology  of  the  brain  more  exactly  determined 
than  that  tho  faculty  of  speech  is  located  in  a  well-defined  and  restricted  portion  of  the 
anterior  lobes.  This  is  tho  more  interesting  and  important,  as  it  is  the  only  sharply- 
defined  faculty  that  has  been  accurately  located  in  a  distinct  portion  of  tho  brain. 

Aphasia  is  a  patholo^^ical  condition  in  which  tho  subject  is  deprived,  more  or  less 
completely,  of  the  power  of  language,  spoken  or  written.  This  definition  includes  not 
alone  those  cases  in  which  patients  aro  unaMo  to  express  ideas  by  speech,  but  cases  in 
which  tho  idea  of  language  is  lost  and  there  is  agraphia,  or  inability  to  express  ideas  in 
writing.  Certain  cases  of  this  disease  present  loss  of  speech  because  the  subject  is  inca- 
pable of  coordinating  the  muscles  used  in  articulation.  Tho  patient  has  a  clear  idea  of 
language  and  of  tho  meaning  of  words  and  is  able  to  write  perfectly  well.  In  other 
cases,  the  patient  can  neither  speak  nor  express  ideas  in  writing.  In  these,  the  idea  of 
language  i-*  lost.  In  both  of  these  varieties  of  tho  disease,  the  difficulty  is  cither  in  the 
organ  presiding  over  the  faculty  of  speech  or  in  tho  connections  of  this  organ  with  the 
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muscles  concerned  in  articuktion.  Thus  regarded,  opbasia  do^  not  include  aphonia  from 
lATjm^eal  dit^eaj^e,  or  loss  of  Bp^ocli  such  as  is  observed  frequently  in  liysteriu,  in  the  in- 
sane, who  sometiin<ja  refuse  to  speak  from  pure  obstinacy,  or  in  cases  of  paralysis  of  the 
parts. immediately  concerned  in  articubition*  Tho  whole  history  of  the  diseu«>e  points  to 
a  particular  part  of  the  brain,  whioli  presides  over  the  factilty  of  speech. 

As  a  preliminary  to  the  lucation  of  the  nerve-centre  presidium?  exclujiively  oTer  speech, 
it  is  necesearj  to  establish  the  existence  of  the  power  of  articulate  language  aa  a  distinct 
lacnlty;  and  this  is  done  by  cases  of  di^^ease  in  which  this  faculty  seems  to  be  lost,  tiie 
general  mental  condition  being  unuffected.  Passing  over  the  passages  in  the  writings  of 
Ibe  ancientd,  in  which  it  is  stated  that  the  power  of  speech  is  sometimes  lo^t,  and  even 
li*  writer*  in  the  heginnlng  of  the  proaent  century,  who  connected  this  difficulty  with 
ions  of  the  anterior  lobea  of  the  brain,  we  conio  tu  the  observations  of  Dr.  Marc  Dax, 
who,  in  lH3f5,  read  a  paper  before  the  medical  congress  at  Montpellier,  in  which  he  indicat- 
ioipairment  or  loss  of  speech  in  one  hundred  and  forty  ciises  of  rija^ht  heioiplegia,  Dax 
idoUed,  from  tbei*e  observations^  that  the  faculty  of  articulate  language  occupies  the 
loft  antA^rior  lobe  of  the  cerebrum.  This  memoir,  however^  attrncted  but  little  attention, 
until  18<H,  when  the  discussion  was  renewed  by  Brooa;  and,  tsince  then,  numerous  caaes 
of  aphakia  with  lesion  of  the  left  anterior  lobo  have  been  reported  by  various  writers.  In 
X863,  M.  G.  Dax,  a  son  of  Marc  Dax,  limit<?d  the  lesion  to  the  anterior  and  middle  portion 
of  the  left  anterior  lobe.  It  was  farther  stated,  by  Broca  and  Hughlings  Jackson,  to  be 
that  portion  of  the  brain  nouriiihed  by  the  left  middle  cerebrtil  artery.  According  to 
recent  obsiervers,  the  most  fre<]aent  lesion  in  apliQsia  is  in  the  parts  supplied  by  the  let\ 
middle  cerebral  artery,  particuhtrly  the  lobe  uf  tlie  insula,  or  the  island  of  Keil ;  and  it  is 
A  ecriouB  fact  that  this  [mrt  Is  found  only  in  man  and  moukeys,  bfing  in  the  hitter 
?ery  slightly  develo[>ed.  While  we  must  agree  with  most  authors  in  thv  statement  that 
the  organ  of  language  cannot  be  absolutely  restricted  to  these  parts,  it  is  none  the  less 
certain  that  they  are  most  frequently  the  aent  of  lesion  in  aphasia. 

While  it  is  demonstrated  that  the  cerebral  lesion  in  afdiasia  involves  the  left  anterior 
lab^  in  Uie  great  majority  of  cases,  there  are  several  instances  in  which  the  riglit  loho 
alone  is  atfeeted;  and  this  has  led  physiologists  and  pathologists  to  deny  the  absrdute 
location  of  the  organ  of  language  upon  the  left  aide.  Even  if  we  reject  a  certain  number  of 
ea^s  of  aphasia  with  tiie  brain-lesion  limited  to  the  right  side,  in  which  we  may  t^iippose 
that  the  post-mortem  exauilnations  were  incomplete,  or  the  impairment  of  speeeli  was 
doc,  pcHiapa,  to  simple  paralysis  of  muscles,  we  must  admit  that,  in  a  few  instances, 
aphaiila  ban  ftdlowei]  ityiiry  or  disease  of  ttie  brain  upon  the  right  i^ide.  Aside  from 
the  anatomical  arrangement  of  t!ie  arteries,  which  seem  to  furnish  a  greater  amount  of 
blocnl  to  the  hd>  hemisphere,  it  is  evident  that,  as  far  as  voluntary  movements  are  con- 
cerned, the  right  hand,  foot*  eye,  et<\^  are  ubied  in  preference  to  the  left;  and  that  the 
motor  functions  of  the  left  hemispliere  are  superior  in  activity  to  those  of  the  riglit.  It 
wpnld  he  interesting,  then,  to  note  the  physical  pcculinritiea  of  persons  aflect*^d  with  left 
he  [id  aphfluta.     Dr.  Hateman  tjuotes  two  eases  of  ajdiasia  dependent  upon  lesion 

of  [  _       >ide  of  the  brain  and  consequent  left  hemiplegia,  in  which  the  persons  were 

Wf^-liandod ;  and  these,  few  aa  they  are,  are  interesting,  as  showing  that  a  person  may  nse 
th«  right  side  of  the  brain  in  speech,  as  in  the  other  motor  functions.  In  this  connection, 
it  may  not  he  uninteresting  to  note  that,  although  most  anatomists  have  failed  to  find  any 
marked  difference  in  the  weight  of  the  two  cerebral  hemispheres,  Dr.  Boyd  has  shown 
by  uo  ''examination  of  nearly  two  hundred  cases  at  St.  Marylebone,  in  whicli  the  bond- 
spherea  were  weighed  separately,  that  almost  invariably  the  weight  of  tlie  left  exceeded 
Uiat  of  the  right  by  at  least  the  eighth  of  an  ounce.""  To  conclude  our  cit^itions  of  patho* 
logical  facta  bearing  upon  the  location  in  the  brain  of  the  organ  of  s|»eerh,  we  may  refer 
to  an  ftceonnt,  by  Dn  Broadbent,  of  the  brain  of  a  deaf  and  dumb  woman.  In  this  case 
the  brain  was  found  to  be  of  about  the  usual  weight,  but  the  left  third  frontal  convoln- 

Ition  WIM  of  ^*  comparatively  small  size  and  simple  character," 
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Taking  into  considerntioa  all  of  the  pathological  fiicts  boaring  upon  the  ^uUj^ct,  it 
Beems  cerUiiu  that,  in  ihi)  great  iiiii^jurity  ol'  persons,  the  organ  or  part  presiding  ovtr 
the  fiiuulty  uf  articulate  lunguago  is  situated  at  or  near  the  third  frontal  couvolatti 
and  the  biand  uf  llvU  in  tho  lett  antc^nor  lobe  of  the  cerebrum,  and  mainly  ia 
parts  nourished  by  the  middle  cerebrjd  artery.  In  some  few  instances,  the  organ  ^ei 
to  be  Im^ated  In  the  corresi>ondingr  part  upon  the  right  side.  It  is  possible  tlial,  orij 
nally,  botli  »ides  preside  over  sjieeehi  and  the  sujieriority  of  the  lelt  lobe  c»f  the  hrm 
Dver  the  right  and  its*  more  constant  use  by  preference  in  right-handed  persons  inif 
lead  to  a  graduiU  abuiition  of  the  functions  uf  tho  right  side  of  tlie  brain,  in  conoecllun 
mth  apeecli,  simply  fruui  flisii^e.  This  viewr,  however,  is  hypothetical,  but  it  is  rtniJcrol 
probable  by  certain  considerations,  among  the  moflt  iujjjortant  of  which  is  the  rtate-; 
ment  by  Longet,  that  "  one  cerebral  hetnisplicre  in  a  healthy  condition  may  ^office  fcr 
the  exercijie  of  intelUgence  and  the  external  senses.'^  In  snpiH>rt  of  this  ntfttcmcal, 
Longet  cites  several  casea  of  serious  injury  of  one  hemisphere  without  impairmeiit  </ 
the  intellect.  In  wimt  is  called  the  ataxic  form  of  aphasia,  tho  idea  and  memery  of 
wordii  remain,  and  there  is  simply  Iush  of  speech  from  inability  to  coordinate  the  mai- 
elcs  concerned  in  articulate  language.  Patients  aftected  in  this  way  cannot  spvak  kt 
can  write  with  t»A»e  and  correctness*.  In  the  amnesic  form  of  the  disease,  th<r  idea  lud 
memory  of  hmguage  are  lost ;  patients  cannot  ^[leak,  and  are  affected  h  ith  agraphia,  or 
inability  to  write.  In  cases  in  wliich  hemiplegia  is  marked,  the  aphasia  is  usually  of  llii 
ataxic  form ;  while,  in  cases  in  which  there  is  no  hemiplegia,  the  aphasia  is  genenJll 
amnesic. 

The  CerehtUum. 

It  is  not  necessary,  in  order  to  cDtiiprebend  the  functions  of  the  cerebellum,  as  far  i 
these  are  known,  to  enter  into  a  full  desscriptiou  of  its  anatomical  characteriu  TUl 
points,  in  this  connection,  tliat  are  most  interesting  to  us  as  pliyBiologi8ts  are  the  feUawJ 
ing:  the  division  of  the  substance  of  the  cerebellum  into  gray  and  white  matter;  tbil 
OOlinection  between  the  cells  and  fibres;  the  connection  of  the  fibres  with  the  cerehi 
and  with  the  prolongations  of  the  columns  of  the  spinal  cord;  and  the  passage  of  tibreil 
between  tlie  two  lateral  lobes.  These  points,  therefore,  will  be  the  only  ones  ihal  till  | 
engage  our  attention. 

As  we  have  seen,  in  treating  of  the  general  arrangement  of  the  enoephalon^  thii  eert> 
bcllum^  situated  beneath  the  posterior  lobea  of  tlio  cerebrum,  weighs  about  5*2  ooaw 
av.  in  the  male,  ami  4*7  ounces  in  tho  female.     The  proportionate  weight  to  that  *if  tk* 
oerebrum  is  as  1  to  8f  in  the  male,  and  as  1  to  8^  in  the  fejnale.     It  is  separated  fmm 
tho  cerebnim  by  a  strong  process  of  the  dura  mater,  calle<i  tho  tentorium,     like  tl 
cerebrnm,  tho  cerebellum  presents  an  external  hiyer  of  gray  inatter,  the  interior  ?    i ' 
formed  of  white,  or  fibrous  nerve-tissue.     Tiie  amount  of  the  gray  substance  i»     ' 
mucii  increased  by  numerous  tine  convolutions  and  is  ftirtbcr  extended  by  the  prn 
tion,  from  the  surface,  of  arborescent  processes  of  gray  matter.     Near  the  centre  <  i 
lateral  lobe,  embedded  in  the  white  substance,  is  an  irregularly-dentated  mass  of  ci;;.:. 
matter,  called  the  corpus  dentatum.     The  cerebellar  convolntions  are  more  Dumerooiind 
the  gray  «nb*jtance  is  deeper  than  in  tl»c  cerebrnm  ;  and  these  convnhitions  are  prej»    *  " 
n»arty  f»f  the  inferior  animals  in  whicli  the  surface  of  the  cerebrum  is  smooth. 

The  cereboilnm  consists  of  two  lateral  hemispheres,  more  largely  di  ^ 
than  in  the  inferior  animals,  and  a  medhm  lobe.     Tho  hemispheres  are 
vmnller  lobes,  which  it  is  unnecessary  to  describe.     Beneath  the  cerebellum,  b<uir»> 
front  und  below  by  the  medulla  oblontrata  .and  pons,  laterally  by  the  superior  pisluui    - 
and  superiorly  by  the  cerebellum  itself,  is  a  lozenge-shaped  cavity,  called  the  fi^urlKftt- 
tricle.     The  cmra,  or  peduncles,  will  be  described  in  connection  with  the  direction  olti* 
fibres. 

Tho  stractnre  of  the  gray  substance  of  the  convolutions  presents  certain  pecaliint^A. 
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This  pordoQ  is  divided  quite  distincti j  into  an  iDtemal  nod  an  external  layer.  The  inter- 
nal lajcr  presents  an  exceediu^lj  delicate  net-w^ork  of  fine  nerve-fibrea,  which  pasa  to 
the  cells  of  the  extiarnal  layer.  In  the  plexus  of  anastomosing  fibres,  are  found  numer* 
0Q9  bodies  like  free  Duelei,  called  by  liobin^  myelocytes.  The  external  layer  h  some- 
what like  the  external  layer  of  gray  substance  of  the  posterior  lobes  of  the  cerobrom 
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Fid.  S27.->Ored«lf4ifn  and  mednlla  oblanffaia.    <!Tlrtchi^ld.) 

i«Onitl»<l«iltBCtliD:  9,  tuber  Anntilftna:  3,  tection  of  the  middle  pcduDcli^:  4,  i  4,  4,  4.4,  XtmXnm  fbrmlog  the  ftrbor- 
rtlLv;  6,  a.olirury  body  cif  the  nivdiiLta  oblaogftUi;  6,  Anterior  pjiauikl  of  Uui  modulk  otiluot^tii;  T^  \x\i\fVT  ex- 
Itnitniitjr  of  tbe  fptoi&l  cord. 


and  la  more  or  less  shar[jly  divided  into  twro  or  more  secondary  layers.  The  most  exter- 
nal portion  of  ibis  layer  contains  a  few  small  nerve-cells  and  fine  filaments  of  connective 
tiasne  ;  and  the  rei»t  of  the  layer  contains  a  great  number  of  large  ceils,  rouuded  or 
OToid,  irith  two  or  three,  and  sometimes,  though  rai-ely,  fonr  proton g:ations«  The  mode 
of  connectioQ  between  the  nerve-cells  and  tbe  fibres  has  already  been  described  under 
the  head  of  the  general  structure  of  llie  nervous  system. 

Course  of  the  Fibres  in  the  Cerehellnm.— Most  anatomical  writers  give  a  very  simplo 
ription  of  tbe  course  of  the  nerve-fibres  in  the  cerebellum.     From  the  frruy  sub- 

iceof  the  convolutions  and  their  prolongations,  tbe  fibres  converge  to  form  finally  the 
throo  crura,  or  j»odandee  on  each  side*  The  superior  peduncles  pass  forward  and  up- 
ward to  the  crura  cerebri  and  the  optic  tbalami.  These  connect  tbe  cerebellum  with  the 
cervbnmi*  Beneath  the  tubercular  quadri^emina,  some  of  these  fibres  decussate  with  the 
•prresponding  fibres  uyion  the  opposite  side;  so  that  certain  of  tbe  fibrej  of  the  superior 
fbdiincle*  pasA  to  tbe  corresponding;  side  of  the  cerebrum,  and  others  pass  to  the  cere* 
bral  hemisphere  of  the  opposite  side. 

The  middle  peduncles  arise  from  the  lateral  hemispheres  of  the  cerebellam,  pass  to 
the  pons  Varolii,  where  they  decussate,  connecting  together  the  two  sides  of  the  cere- 
h«Lltim. 

The  inferior  peduncles  pass  to  the  medulla  oblongata  and  are  continuous  with  the 
restiform  bodies,  which*  in  turn,  tu*e  continuations  cliiefly  of  the  posterior  columns  of  the 
^\ipi|ll&l  cord. 

From  the  above  sketch,  the  pliTSiiolof^ncal  significance  of  the  direction  of  the  fibres, 

it  appears  from  the  most  reliable  and  jjcnerally-accepU'd  anatomical  investigations^  is 
*rofficiently  evident.     By  the  superior  peduncles,  the  cerebellnm  is  connected,  as  are  aU 
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of  the  encepbalic  ganglia,  with  the  cerebrum ;  by  the  middle  peduncles,  tlio  two 
halves  of  the  cerebellum  are  intimately  connected  with  each  other;  and,  by  the  hiferiorl 
peduncles,  tlie  cerebellum  is  connected  with  the  poi^erior  columns  of  the  spinal  eonL  [ 
We  shall  see,  when  we  come  to  study  the  functions  of  the  cerebellum,  that  its  conncjction  j 
with  the  posterior  white  columns  of  the  cord  is  a  point  of  great  interest  and  importaa**. 

General  Propertk^  of  the  Cerebellum. — There  is  now  no  difference  of  opinion  fliuonif  \ 
physiolog-ists,  with  regard  to  the  general  properties  of  the  cerebellum,  Fluureois  *vl)i> ' 
made  tlie  first  elaborate  and  Batisfactory  observations  upon  the  cerebellum  iu  litin^ 
animals,  noted,  in  all  of  his  experiments,  that  lesion  or  irritatitm  of  the  cercbellniQ 
aluno  prikiiiiced  neither  pain  nor  convulsions;  and  the  same  results  have  followed  Uio 
observations  of  all  modern  physiologists  who  have  investigated  this  question  praetic4ll;. 
We  have  ourselves  frequently  eipostd  and  matUated  the  cerebellum  in  pigeons  and  Iiive  ' 
never  observed  any  evidence  of  excitability  or  sensibility.  From  these  facts^  we  innit 
conclude  that  the  cerebellum  is  inexcitable  and  insensible  to  direct  iftimnlation,  at  Jcift 
as  far  as  litis  been  shown  by  direct  observations.  It  is  not  impossible^  however,  thit 
future  experiments  may  reverse  this  generally-received  opinion  ;  particularly  in  view  t»f 
the  recent  observations  of  Fritsch  and  Hitzig^  already  cited,  which  show  that  certain 
parts  of  the  cerebrum  are  excitable,  and  that  the  excitability  of  the  encephalic  ceutn* 
rapidly  disappears  in  living  antmuls,  as  the  result  of  pain  and  hieroorrhage,  W©  should 
note,  also,  the  experiments  of  Budge,  who  observed  movements  in  the  testicles  and  r«*a 
deferentia,  in  males,  and  in  the  comua  of  the  uterus  and  in  the  Fallopian  tubes,  in  feroalff, 
following  irritation  of  the  cerebellum. 

JF\mctiofi9  cf  the   Cerehellunu 

There  are  still  the  widest  differences  of  opinion  among  physiologist.%  witti  regard  io 
the  functions  of  the  cerebellum,  mainly  for  the  reason  that  the  experiments  upeo  tie 
lower  animals,  though  in  themselvej*  suffiriently  dctinite,  are  apparently  cootradit  tc«l  l»f 
patholoj^ical  observations  upon  tho  homun  snlyect.  There  should  be  no  such  diH'rc|»- 
ancy  between  well -con  ducte*!  experiments  and  care  fully -observed  cases  of  discwo  of 
injury ;  for  it  is  certain  that  the  functions  of  the  cerebellum  present  no  essential  (Hff^t- 
enees  in  different  animals,  at  least  in  man,  the  mammalia,  and  birds.  It  is  nocessart, 
therefore,  for  the  physiologist,  by  carefully  analyzing  and  correcthig  the  resolt*  obtiintd 
by  direct  experimentation  and  by  applying  to  tlie  study  of  pathologteal  observationf  tin 
facts  elicited  by  these  experiments,  to  endeavor  to  harmonize  the  real  or  apparent  con- 
tradictions ;  for,  as  we  have  often  had  occasion  to  remark,  there  are  no  cxccpliow  tii 
the  laws  to  which  the  functions  of  similar  classes  of  animals  are  subordhiale«l :  nad 
observations  and  experiments,  apparently  discordant,  will  always  be  found,  as  ot»r  |«<fl' 
live  knowledge  advances,  to  ])resent  ditTerences  in  the  conditions  under  which  the  pl«* 
nomena  have  been  observed.  To  apply  this  idea  to  the  functions  of  the  cerebellum,  it  miT 
be  safely  assumed  that  it  is  impo«!sible  for  this  organ  to  preside  directly  and  exclusl^^ 
over  mu!?cnlar  cotlrdinatirm  in  birds  and  the  inferior  mammals,  and,  in  man,  to  pw- 
sess  different  functions.  With  regard  to  the  cerebrum,  man  possesses,  not  only  a  hWifr 
degree  of  development  of  certain  intellectual  taculties  than  the  inferior  nnimali,  but  b 
endowed  witli  others,  such  as  the  power  of  articulate  langunge.  But,  in  man  and  in  iJ«p 
higher  ordt'r*^  of  animals  the  general  properties  and  functions  of  the  muscular  sT«t«w  •« 
essentially  the  same.  To  take  one  of  the  moi<t  generally-accepted  views  of  the  fhnrtiooi 
of  the  cerebellum,  if  this  he  the  centre  for  muscular  cot^rdination  in  birds  and  mammaK 
it  has  the  same  office  In  man,  although  it  may  possess  additional  functions  not  fonad 
lower  in  the  scale  of  antmai  life.  Keeping  in  view,  then,  tlie  desirability  of  brim 
into  accord  the  results  of  experiments  and  of  pathological  obsen^ations,  w*^  shnll 
Btudy  carefully  the  phenomena  which  follow  iiyury  or  extirpation  of  the  cerebclluio  tn 
the  lower  animals. 
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Extirpation  of  the  Cerebellum  in  the  lower  AnimaU, — In  birds,  and  in  certain  mam- 
tuaU  Iq  which  the  operation  hu»  b«jun  Buccessful,  the  more  or  leas  eonipleto  extirpation 
of  Uie  cercjhcUum  id  followed  by  well-niiirked  phenomena^  which  present  iilwa)'^  thcaamo 
charucter  hut  are  soniewliut  ditierently  interpreted  by  rarious  experimenters,  Experi- 
tnents  of  tliia  kind  were  tirst  made  by  Floureus ;  and  the  accuracy  of  his  observations 
ti2i3  0ev«r  been  succes§fully  controverted,  wlmtever  may  have  been  said  of  his  pliysiolo- 
gic-al  deductions.  Indeed,  there  are  few  if  any  important  points  in  the  iihennmcna  fol- 
io wini?  partial  or  complete  removal  of  the  cerebellum  that  escaped  the  attention  of  this 
most  lie  curate  observer. 

Laying  aside,  for  tiio  prenent,  the  ileduetions  to  be  made  from  experiments  upon  ani- 
inalfl,  we  may  quote  the  follov^^ng  phenomena  noted  by  Flourens  and  by  all  who  have 
repeated  his  observations  upon  the  cerebellum  : 

•*  I  extirpated  the  cerebellum  by  succesHive  layers  in  a  pigeon.  During  the  removal 
of  the  first  layers,  there  only  appeared  slight  feebleue«j*  and  want  of  harmony  in  the 
movements. 

**  At  the  middle  layers,  there  was  manifested  an  almost  universal  aiiritation,  although 
there  was  not  added  any  sign  of  convulsion  ;  the  animal  executed  sudden  and  disordered 
tnorementd;  it  heard  and  saw. 

**  On  the  removal  of  the  laat  layers,  the  animal,  the  faculty  of  jumping^  flyiog,  walk- 
iDgi  and  maintaining  the  erect  position  being  more  and  more  disturbed  by  the  preceding 
mnttlations,  h»st  this  faculty  entirely* 

**  Placed  on  the  back,  it  waa  not  able  to  reeoyer  itself.  Far  from  resting  calm  and 
steady,  as  occurs  in  pigeons  deprived  of  the  cerebral  lobea,  it  became  vainly  and  contiu^ 
ually  agitated,  but  it  never  moved  in  a  lirm  and  detinite  manner- 

**  For  example,  it  saw  a  bh>w  with  which  it  was  thre^itened^  wished  to  avoid  it,  made 
ft  tbooaand  etTort^  to  avoid  it,  but  did  not  succeed.  If  it  were  placed  on  its  back,  it  vvouM 
Hot  rest,  exhausted  itself  In  vain  efforts  to  get  op,  and  finished  by  remaining  in  that  posi- 
^a  in  spite  of  itnelf. 

^R*  Finally,  volition,  sensation,  perception,  persisted  ;  the  possibility  of  m^kmi^  tjeneral 
^^mnenU  persisted  also  ;  but  the  eoordiaation  of  th^  movementM  in  regular  and  definite 
^^Df  loc^MUotion  was  lost.^* 

■  The  aliove  are  the  phenomena  observed  after  total  extirpation  of  the  cerebellum. 
iVolnntary  movemeut^  sensation,  general  sensibility,  and  the  speciul  senses,  seem  to  be 
intact;  but  there  is  always  a  loss  of  the  power  of  i^qnilibnum,  and  the  movements  exe- 
cuted are  never  regular,  efficient,  ami  coordinate,  Flonrens  farther  states  that  animals 
i>perat>e<l  upon  in  this  way  retain  their  int^^lleetual  and  perceptive  faculties. 

It  is  exceedingly  importimt  now  to  note  the  eflTeets  of  partial  removal  of  the  cerebel- 
lum, as  these  bear  directly  upon  ca^es  of  disease  or  injury  of  this  organ  in  the  liuninn 
pnbject,  in  which  its*  disorganization  is  \Qry  rarely  complet<f.     Wo  may  illustrate  this, 

I  by  citing  two  of  Flourens^s  typical  experiments : 
I.  I  removed  by  soocesaive  layers,  all  of  the  upper  half  of  the  cerebellum  in  a 
^  cock, 
llie  animal  immediately  lost  all  stability,  nil  regularity  in  its  movements;  and  its 
•ing  and  bizarre  mode  of  progression  reminded  one  entirely  of  the  gait  in  alcoholic 
intoxication. 

**  Four  days  after,  the  equilibrium  was  less  disturbed,  and  the  progression  was  more 
firm  and  »i8Hured. 

*^  Fifteen  days  nftcr,  the  equilibrium  was  complotely  restored. 
^^**  H.  I  removed,  in  a  pigeon,  ahout  the  half  of  the  cerebellum ;  and  I  removed  thiii 
^^■B)  completely  in  a  fowL 

^■**  At  the  end  of  a  certain  time,  tl»e  pigeon  had  regained  its  equilibrium ;  the  fowl 
idid  not  regain  it  at  all :  the  latter  lived  nevertheless  for  more  than  four  months  after 
the  operation." 
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These  important  observatiotifl  we  have  repeatedly  confirmed^  and  we  have  in  our 
deisaion  the  enoepfidon  of  a  pigc^ou  which  rucovered  completely  after  removal  of  abom 
two-thirdfl  of  the  cerebellum,  the  aniiiiiil  first  presenting  marked  deHciency  in  coOrdi 
natiiig  power. 

8ucb  are  the  phenomena  obaerved  in  experiments  upon  the  cerebellum  in  bird%  and 
they  have  been  extended  by  Flourens  and  others  to  certain  mammal^  aa  young  cats^ 
dogSf  moles^  mice,  etc.     Our  own  experiments,  which  have  been  very  numerous  diirtD|^^ 
the  lafit  tit^eeu  years,  are  simply  repetitions  of  those  of  Flourena,  and  the  results  hair^^ 
been  the  same  without  exception. 

The  only  difficulties  in  operating  upon  the  cerehellnm  arlae  from  hosmorrhage  an^^ 
the  danger  of  ii\juring  the  medulla  oblongata.  The  skull  ia  espo&ed  by  ^littinir  up  iW^ 
scalpt  aiid  the  ealvarium  is  removed  in  its  posterior  portion,  penetrating  jui^t  above  t; 
upper  insertion  of  the  cervical  muscles.  It  ii  well  to  leave  a  strip  of  bone  in  the  m 
line,  thereby  avoiding  hiemorrhage  from  the  great  venous  atnua,  although  this  pr  n 

is  not  essential.  The  cerebellum  is  thus  exposed  and  may  be  remo\  ed  in  part  m: 
by  a  dehcate  eciilpel  or  forceps,  whtfu  the  characteristic  phenomena  just  dei^ciibcd  af*> 
observed.  Animals  operated  upon  in  this  way  feel  the  sense  of  hunger  and  attempt  ro 
eat,  but,  when  tlio  movements  are  very  irregular,  they  are  unable  to  take  fooJ.  W« 
liave  frequently  compared  the  phenomena  presented  after  removal  of  the  cerebellum  nitli 
the  movements  of  a  pigeon  intoxicated  by  forcing  down  the  cesophagus  a  httle  bmd 
impregnated  with  alcoliol,  and  they  present  a  striking  similarity. 

In  view  of  the  remarkable  uniformity  in  the  actual  results  obtained  by  different  exp«ri* 
menters,  it  is  hardly  necessary  to  cite  all  of  the  observations  made  upon  the  lower  aniinak 
The  phenomena  observed  by  Flourens  have  been  in  the  main  confirmed  by  Fodfiii, 
Bouillaud,  Magendie,  Wagner,  Lussana,  Ddton,  VuJpinn,  Mitchell,  Onimus,  and  twin/ 
others.  Certain  of  these  authors  difler  from  Flourens  in  their  ideas  concerning  Ihi*  fuiMs 
tiona  of  the  cerebellum,  whiJe  they  admit  the  accuracy  of  his  observations. 

We  sliall  eliminate  from  the  present  discussion  the  experiments  made  upon  antmalllow 
in  the  scale,  sucli  as  frogs  and  tishes  (.•dthough,  in  i^ome  of  these»  the  results  are  in  acfoni 
with  the  observations  jnst  cited  upon  birds  and  mammrds),  ^nid  shall  confine  ourselves  10 io 
interpretation  of  the  phenomena  ol»served  after  extirpation  of  the  cerebellum  in  animtli 
in  which  the  muscular  and  nervous  arrangement  is  like  that  of  the  human  subject  Tbn 
results  of  this  mutilation  are  as  di-finito,  distinct,  and  invariable,  as  in  any  expcriroiol* 
upon  living  animals,  and,  taken  by  themselves,  they  lead  inevitably  to  but  one  condosiflD* 

When  the  greatest  part  or  the  whole  of  the  cerebellum  is  removed  from  a  bird  ori 
mammah  the  animal  being,  before  the  operation,  in  a  perfectly  normal  condition  oni  w 
other  partft  being  injured,  there  are  no  phenomena  coDstaiitty  and  invariably  olwifrci 
except  certain  modifications  of  the  volimtary  movements.  The  intelligence,  gt.ncral  in*l 
special  sensibility,  the  involuntary  movements,  and  the  simple  facuUy  of  vuluntarv  mulloD, 
remain.  The  movements  arc  always  exceedingly  irregulai*  and  incoordinat-e ;  fiie  afiim&l 
cannot  maintain  its  etfnilihrium;  and,  on  account  of  the  imposi«ibitity  of  making  rtguUf 
movement^  it  cannot  feed,  Tfiia  want  of  equiltltriuin  and  of  the  power  of  coordinslio| 
the  muscles  of  the  general  voluntary  system  causes  the  animal  to  assume  the  most  abtunl 
and  remarkable  postures,  which,  to  on©  accustomed  to  these  expenroeotSf  ore  ciitMy 
characteristic.  Call  this  want  of  equilibration,  of  coordination,  of  ^*  muscular  sense,"  tn 
indication  of  vertigo,  or  what  we  will,  the  fact  remains,  that  regular  and  coordinate  tau^ 
cular  action  in  standing,  walking,  or  flying,  is  ina possible,  although  voluntary  power 
remains.  It  is  well  known  tliat  many  muscular  acts  are  more  or  less  automatic,  as  b 
standing,  and.  to  a  certain  extent,  in  walking.  Tlie«e  acts,  a*  well  ns  nearly  all  voluntinr 
movements,  require  a  certain  coordination  of  tlie  muscles,  and  this,  and  this  aUme,  is 
abolished  by  extirpation  of  the  cerebellum.  It  is  true  that  destruction  of  the  semicir- 
cular canal;?  of  the  internal  ear  produces  analogous  disorders  of  raoyement,  hut  this  is  the 
only  mutilation,  except  division  of  the  anterior  whit©  columns  of  the  spinal  cord,  which 
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H^oeea  any  thing  resembling  the  results  of  cerebellar  injarv.  Certain  important  c(>6rdi- 
Bfcmnsculitr  movements  are  well  known  to  be  depend t-nt  upr>n  distinct  nervt'^ei'ntres, 
^Blcts  of  respiration  are  presided  over  excltisivel j  b.v  the  inediilia  oblongata.  Deglutition 
^Hftbly  baft  its  distinct  nerve-ceotref  as  well  tHA  the  movements  ol'  the  t^jea.  Tbe  centre 
R^laliupr  the  coordinate  movements  in  speech  h  situated  iii  the  anterior  cerebral  lobe«. 
None  of  these  peculiar  raovementi*  are  affected  bj  extirpation  of  the  cerebellnin. 
■Hf  there  be  a  distinct  nerve-centre  which  presides  over  the  coordination  of  rii*.^  ^'encrol 
^^»tary  movements,  e3q)eriment8  upon  the  higher  classes  of  aniuuda  show  that  this 
"tentrv  i*  situated  in  the  cerebellum.  It  may  be  either  in  the  entire  cerebellum  or  in  a 
^j^n  portion  of  thiji  organ,  but,  if  it  be  contined  to  a  restricted  part,  this  has  not  yet 
^KdeUTinined.  If  the  cerebellum  preside  over  coordination,  as  a  phjrsioK^gical  neces- 
^Bthe  centre  must  bo  connected  bj  nerves  with  tlxe  general  muscular  tiysU'n*,  If  this 
^Kcctton  exist,  a  complete  interruption  of  the  avenue  of  communication  between  tlio 
^■bellum  and  the  muscles,  we  should  naturally  expect,  would  be  followed  hy  loss  of 
^^idinatin^  power.  From  the  anatomical  connections  uf  Hie  cerebellum,  it  appears  that 
Se  only  cijmm an i cation  between  this  organ  and  the  general  system  is  through  the  poB- 
ipr  white  cohimns  of  the  spinal  cord.  We  have  seen  that  these  columrtt*  are  not  for 
ansmi?«ion  of  the  general  sensory  impressions,  and  there  is  no  satisfactory  evidence 
tljey  convey  to  the  encephalon  tlie  so-called  muscular  sense.  As  regards  general 
ilily  and  voluntary  motion,  we  cannot  ascribe  any  function  to  the  posterior  white 
ns,  except  that,  when  they  are  divided  at  several  points,  we  invariably  have  want 
rdinalioQ  of  the  general  muscular  s^ystem.  When  the  posterior  white  columns  are 
:ani2ed  in  the  human  subject,  w*e  have  loss  or  iaipairment  of  coordinating  power,  even 
h  the  general  sensibihty  be  not  atlccted,  as  in  the  disease  called  locomotor  ataxia, 
utiniug  ourselves  stdl  to  the  interpretation  of  experiments  upon  living  animals^  and 
[Jig  fur  Hubsequent  consideration  the  f»henomena  observed  in  cases  of  disease  orinjurj 

cerebellnm  in  the  human  subject,  we  are  led  to  the  following  conchisions: 
iiere  is  a  necessity  for  coordination  of  the  movements  of  the  general  voluntary  system 
sclea,  by  means  of  a  nerve-centre  or  centres. 

hatever  other  functions  the  cerebellum  may  have,  it  acta  as  the  centre  presiding 
joftr  e*|uilihration  and  general  muscular  corirdi nation. 

The  cerebellum  has  its  nervous  connections  with  the  general  muscular  systora  through 
the  posterior  white  columns  of  the  spinal  cord,  a  fact  which  is  capable  both  of  anatomical 
and  physiological  demonstration. 

If  the  cerebellum  be  extirpated,  there  is  loss  of  coordinating  power;  and,  if  the  poa^ 
lerior  white  column  a  of  the  €01*4  bo  completely  divided,  destroying  the  communication 
between  the  cerebellum  and  the  general  system,  there  is  also  loss  of  coordinating  power. 
I  When  a  small  portion  only  of  tlie  cerebellum  is  removed,  there  is  sM^lit  dislurhanco 
of  oOrdinatlon,  and  the  disordered  movements  are  marked  in  proportion  to  the  extent 
of  ityury  to  the  cerebellum. 

After  extirpation  of  even  one-half  or  two-tbirds  of  the  cerchellum,  the  disturbances  in 
co-ordination  immediately  following  the  operation  may  disappear,  and  the  auimal  may 
entirely  recover,  without  any  regeneration  of  the  extirpated  nerve-substance.  This  im- 
portant fact  enables  ua  to  understand  how,  in  certain  cases  of  disease  of  the  cerebellum  in 
the  bntnan  subject,  when  the  disorganization  of  the  nerve-tissue  la  slow  and  gradual,  there 
may  never  be  any  disorder  in  the  movements. 

We  present  the  above  conclusions*  as  in  our  own  mind  positive  and  definite.  It  is 
proper  to  state,  however,  that  the  definition  of  the  funrtioti  of  the  cerebellum  is  one  of 
liie  point*  stated  by  man j  physiological  authors  as  doubtful  and  unsettled  ;  and  this  is  80, 
ly  because  some  writers  have  heen  unable  to  harmonize  the  ex|>enniental  facts  above 
led,  with  cases  of  disease  or  injury  of  tlie  cerebellum  in  the  human  subject  We 
conceive  tlmt  this  has  frequently  been  due  to  an  imperfect  study  of  the  pathological  facts, 
wlueh  we  now  propose  to  discuss. 
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Pathological  FatU  hearing  upon  the  Funttimm  qfthe  Cerehellum* — Nearly^  all  writcri  j 
upon  the  pliysiolojjry  of  the  neryuus  m  stem,  while  they  jigreo  tliiit  extirpation  of  the  eeN-  I 
bellum  in  the  lower  anirnab  produres  irregulaiity  of  movements,  are  arrested^  m  it  were, 
iQ  tiheir  dedni^tion^,  by  tlio  following  quotation  from  Andral,  in  his  report  of  ninety-Utred  | 
cases  of  disiaas©  of  the  cerebellum : 

^^  A  more  remarkable  alteration  of  movement  is  noted  in  the  observation  of  M.  Lalle- 
mand.  Tho  patient  staggered  on  his  leg^  and  often  came  near  falling  forward.  In  tlii« 
case,  the  only  one  which  tendn  to  confirm  the  ojnnion  of  pbysii»lugij*t8  who  regard  llje 
cerebellum  as  the  organ  of  iho  coordination  of  movements,  tbe  cerebellum  was  entirel.v 
transformed  into  a  sac  tilled  with  pus." 

The  bare  htaiement^  such  as  is  generally  made,  that  Andrul  collected  ninety-lKfW 
crises  of  disease  of  the  cerebellum,  only  one  of  which  tends  to  show  that  this  i»  Ujt 
organ  of  muscular  coordination,  is  sufficient  to  arrest  any  physiologist  in  tbe  conclo- 
sions  that  w^ould  naturally  be  drawn  from  ezj)erimental  facts;  and  many  writers  lisve 
expressed  themselves  as  uncertain  upott  the  t[iiesti<>n  of  the  function  of  tbe  cerebellum. 
Ik*fore  we  \;i}  auy  farther,  wo  wish  to  settle,  once  for  all,  tbe  pliysiolofrical  beartog  tif 
these  cases;  *and,  with  this  end  in  view%  have  caretully  studied,  analyzed,  and  tabuUtwJ 
them.  Uut  of  the  iiiat4y*three  cases,  fifteen  were  observed  by  Andral,  and  svvcDty- 
eight  are  quoted  from  various  authors.  An  analysis  of  thes^  cases,  with  reference  to 
conditions  likely  to  complicate  the  etfects  of  tbe  cerebellar  disease,  etc.,  is  given  in  tl^e 
following  table : 


Analysis  of  AndraVs  Kimtif-three  Cases  of  Dhease  of  the  CereMlum, 

(Six  Case^y  ohnerted  h}f  AndroL^) 

Hemiplegia ;  death  In  fif\y  hours        ....  ,        ,        .  ,  ^     v^ 

Hemiplegia ;  sudden  death  .         .         ♦         .         , I 

Hemiplegia  ;  death  in  two  days I 

Hemiplegia ;  aBSoclitted  with  cerebral  bmmorrbage -  8 

{Sei^enty-eiffht  Oaset^  quoted  from  various  Authors,} 

H^TDorrhoge  into  tbe  cerebelluru  ;  quoted  from  Serres 0  ♦  cMii, 

"  "  "  quoted  from  Dance         .         .  .  -  1  t  <*^ 

"  "  "  quoted  from  Baylc \  *     * 

"  **  **  quoted  from  Guiot         .        .  .         .  I  g    " 

**  "  "  (Serres);  hemiplegia      ,         , 2      ctu^ 

'*  *'  *'  (Uazea);  coma       .,.*.,.!      tMtt. 

»*  "  ♦*  (Morgagni);  found  dead 1         ** 

**  "  **  (Sedillot) ;  died  in  iifteen  minutes  ' 

"  "  "  (Cafford) ;  died  suddenly 

HBmorrhage  (Mi^helet);  apoplexy  two  years  before  death;  found  an  ol a  ekit  m  the 

right  lobe  of  the  cerebellum     .,,.....♦.*  1 
Hmnorrhage  (quoted  from  various  authors)  ;  hcenioiThage  iuto  the  cerebrum  as  well 

AS  the  cerebellum     .....*. ^ 

Atrophy  of  the  Irft  cerebral  and  the  right  cerebellar  hemisphere  .         .  *i 

Csses  of  dt^^*'rtl!^(^  with  paralys<iti ;  quoted  from  various  oulhors    .  ,         .  9 

Coses  of  abscess,  wilh  piirulypls;  quoted  from  various  autbora   ,  .  " 

Cyst  (H^eamicr) ;  convuUious     ..*....  .1 

Abaee^  (Laugier) ;  conridisions .  ^ 

Abscess,  iavolving  the  entire  cerebellum  (Lallcmand);  want  of  coordination  "  i 
Cases,  quoted  from  various  authors,  in  which  no  dlsturl>once  wa^  uotoil  i«  the  uiovi*. 
meats ;  tbe  disease  was  confined  to  one  lateral  lobe  of  the  ce^rebelluui 

'  tn  tlMse  ttx  eis«ii,  there  wm  hirmorrhiure  Into  tbtr  eorebeltiim. 

■  TUi  It  tbe  tlo^lG  caae,  noted  ly  Andnl,  out  of  tb*  itaely-tlirM,  tbA  only  one  ftbowtoy  waot  of  rooruinatk 
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Tof  tumor^  quoted  from  rarloua  authors,  in  which  there  was  paralTBis         .        .15     cafic«. 
ClUGfl  of  tumor,  ftssociated  vrith  dbease  of  the  cerubrum    .,.,,.     7         " 
Cases  of  tumor,  a&sudated  with  uouvulsiona  ;  the  descriptions  are  very  iudefinite        ,     9         ** 

(Xine  C*M«,  observed  hy  Andral.) 

Softening ;  hemiplegia  and  convulsions 1  case. 

Sofleniiig ;  hemiplegia  and  subsequent  hiumorrhage   ,         .         *         .         .         .        ,1  *' 

Softening;  hemiplegia  and  hBemorrhage .1  " 

Softening ;  ftgitaiion,  like  couvulj^ionfi,  of  the  tnetnber&      ...,.,     1  *■ 

Cyst  \  paraljdis  and  conTuLsiotiiS 1  ** 

Tubercle ;  hemiplegia 1  '* 

Fivo  BmaU  tubercle  in  one  hemisphere  of  the  cercbellimii ;  movenieuts  normal  .         .1  *' 
T^btfculoiu  mass,  the  isize  of  a  haied-nutf  on  one  side  of  the  cerebellum  ;  movements 

normal 1  ** 

Cj8t|  the  sixc  of  a  hazel-nut,  on  one  side  of  the  cerebellum ;  movements  normal        .     I — 9  coses. 

Add  cases  of  hicmorrhage,  prenou»ly  citedj  observed  hy  Andral,         ....  6    ** 

Add  caiies  cjuoted  from  vtti*iou:s  authors 78    " 

Total  casea  collected  hy  Atidral 98  cases. 

In  six  cflacs,  quoted  from  ScrreB^  marked  *,  *^  there  were  observed  all  the  signs  of  vio- 
lent apoplexy  \  nothiug  in  particular  is  sard  witti  regard  to  disorders  of  movement/^  In 
the  case  *j noted  friJm  Dance^  mnrked  t^  the  patient  was  jstruck  with  a[toplexy.  In  the 
case  quoted  from  Bayle,  marked  t*  I'lo  p^itieiit  suddenly  lost  conisdousties*,  liad  convul- 
sive inovetnonts  on  the  third  day^  and  died  in  coma,  on  the  fifth  day.  In  x\w  case  quoted 
from  Guiot,  marked  ?,  there  was  "no  lesion  except  eft^usion  of  blood  in  the  median  lobe 
of  the  cerebellum.  Tlje  individual  who  was  tho  t^ubject  of  this  observation  bad  bad  an 
attack  of  apoplexy.  Before  his  attack^  be  bad  for  some  time  a  tottering  gait  {demarche 
chancelante)^  and,  after  the  attack,  remained  humiplegic  on  the  right  side.'* 

Let  us  now  carefully  review  these  ninety-three  cases  of  Andral,  which  have  been  held 
in  Urrorem  over  those  who  have  veutured  to  ar^rue,  from  experimeuts  upon  animals  that 
the  cerebellum  is  the  co6rdinatv»r  of  the  muscular  movementa,  and  see  h^iw  many  may 
properly  be  thrown  out  of  the  question  ! 

We  can  discard  the  first  six  cascs^  obser\*ed  by  Andral,  in  which  there  was  hemiplegia, 
speedy  death,  and  in  three  of  which  there  was  cerebral  hasmorrhage;  for  we  could 
hardly  observe  want  of  coordination  in  hemiplegics  or  in  oasoi*  complicated  with  cerebral 
disease.  We  can  discard  the  six  ca.se«^  quoted  from  8t*rres,  in  which  there  was  violent 
ipoplexy,  as  well  as  the  cai*e  quoted  from  Dance,  with  ajjoplexy,  and  the  ca^^e  quoted 
from  Bayle,  with  coma  and  convulsions*.  It  is  evident  that  these  eases  are  useless  in 
noting  the  presence  or  absence  of  coordinating  power.  We  can  discard  two  ca!*e!s  (Serres) 
with  hemiplegia;  one,  (Cazes)  with  coma;  one,  (Morgagni)  found  dead  \  one,  (S&dillot)  died 
in  fifteen  minutes;  one,  (Catibrd)  died  suddenly;  and  one,  (Micbelet)  apoplexy  two  years 
before  death,  and  an  old  clot  in  tlio  right  lohe  of  the  cerebellum.  This  last  case  is  in 
accord  with  experiments  on  animals;  for  we  have  seen  that  the  coordinating  power  may 
1)«  restored  after  loss  of  onc-balf  of  the  cerebellum.  We  can  discard  nine  cases  quoted 
from  various  authors,  in  wljich  there  was  cerebral  an  well  as  cerebellar  bajrn or rh age;  two 
Gflaes  of  paralysis,  with  atrophy  of  one  hemispbere  of  tl^e  cerebrum  and  one  hemis- 
phere of  the  cerebellum  ;  nine  indefinitely'described  cases,  with  paralysi^t ;  three  cases  of 
fibflcess,  with  paralysis;  one  case  of  cyst  and  one  of  abscess,  with  paralysis:  fifteen  cases 
of  tumor,  with  paralysis;  seven  caflcs,  associated  with  disease  of  tlie  cerebrum  and 
paralysis ;  and  nine  very  indetnitely  described  cases,  associated  with  convulsions.  Of  the 
remaining  cases  observed  by  Andrnl,  we  can  discard  one,  with  hemiplegia  and  convul- 
stons ;  one,  with  beniiplegia  and  j^ubsequent  haemorrhage ;  one,  with  hemiplegia  ;  one  case 
of  cyst,  with  paralysis  and  convulsions ;  and  one,  of  tubercle,  with  hemiplegia.     We  can 
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abo  discard  one  case  of  five  small  tubercles  m  one  hemisphere  of  the  oerebellam ; 
of  a  tuberculous  mosd,  tlie  sizo  of  a  hazeUnut^  upon  one  side ;  and  one,  of  a  cy>tf  tho  tiio 
of  a  hazel-nut,  upon  one  side.  These  last  cases  do  myt  present  sutticieut  destructioo  of 
the  cerebelhir  suh^tance  to  lead  us  to  expect  any  disorder  in  the  njovements. 

Thus  far  we  have  discarded  eighty-five  cases,  leaving  eight  to  be  analyzed.  Of  the*© 
eight  cases,  in  five,  it  is  simply  stated  that  the  movements  were  unaffected,  and  iLat 
**  one  of  I  lie  lateral  lobes  of  the  cerebellum  was  the  eetit  of  abscess."  In  view  of  this 
bare  statement,  and  of  the  fact  that,  in  animals,  recovery  of  coordinating  power  takefl  plac^ 
wben  half  of  the  cerebellum  bus  been  removed,  we  may  throw  out  these  cases  as  incata- 
plete.  It  must  be  remembered  that  the  nbscesscs  were  probably  of  slow  development; 
and,  if  they  did  not  destroy  a  sufficiently  large  portion  of  tbe  cerebellum  to  infinence  tl»© 
coordinating  power  permanently,  it  is  not  probable  that  the  functions  of  this  organ  would 
be  at  all  alfected,  as  there  would  be  no  shock,  fiuch  as  occurs  in  the  sudden  removal  ^f 
substance  by  an  operation. 

We  ure  thus  reduced  to  three  cases ;  and,  in  all  of  these,  the  moTemeota  wero  mon 
or  less  affected.  These  cases  we  shall  now  study  as  closely  as  is  possible  from  the  dctsili 
given. 

Case  I, — The  first  ease  is  quoted  from  Gulot.  There  was  no  lesion,  except  an  cfi^- 
sion  of  blood  in  tbo  median  lobe  of  the  cerebellum,  and  there  was  probably  no  pre**«w 
opon  the  ]»eduncles.  ^*  The  individual  who  was  the  subject  of  tills  observstion  had  bsd 
an  attack  of  apoplexy.  Before  the  attack,  he  bad  for  some  time  a  staggering  gait  {unt 
dimarthe  chancclante)^  and,  alter  the  attack^  he  had  remained  hemiplegie  on  the  left 
side.**  From  these  meagre  details,  it  seems  probable  that  there  was  a  certain  amounted 
difficulty  of  coordination,  although  the  desficription  is  not  as  definite  as  could  be  desired. 

Case  II. — The  second  case  was  observed  by  And  rah  A  groom,  not  quite  forty  years 
of  age,  was  brought  into  the  Maisofi  nnj<de  (h  mute,  having  suffered  from  severe  he«<i- 
Ache,  yertigo,  etc.,  for  fifteen  days,  which  finally  became  fixed  at  the  occiputs  During 
the  first  three  days  in  the  hospital,  *'  be  was  in  a  continual  state  of  agitation ;  the  inoir«- 
ments  of  the  members,  on  the  right  as  well  as  the  left  side,  were  sometimes  so  bmsjva 
and  disordered  that  they  resembled  convulsive  movements."  Soon  the  re^i>i ration  he- 
came  disturbed,  and  be  died  in  asphyxia.  **  Upon  post-mortem  examination,  there  was 
found  general  injection  of  the  meninges ;  nothing  particular  in  the  cerebral  hemispheres; 
a  moderate  cjuaniity  of  serxim  in  the  ventricles ;  reddish  softening  of  the  left  hemisphere 
of  the  cerebellum  in  its  posterior  and  inferior  half;  no  olher  lesion." 

The  only  marked  symptom  relating  to  *ibe  movements  in  this  case  was  a  certaio 
amount  of  irregularity  and  convulsive  action  of  the  muscles,  while  the  patient  was  in 
bed.  The  case  is  not  strong  in  its  bearingii,  either  for  or  against  the  coordinatioo*tlieofy; 
for  there  must  have  been  a  great  amount  of  irritation  of  the  encei>halio  centres,  and  it 
would  certainly  be  difficult  to  note  disturbance  of  eijuilibration  or  of  ooordinatign  in  i 
patient  confined  to  the  bed. 

The  third  case  is  quoted  by  Andral  from  Lallemand,  and  is  taken  by  Lallemand  from 
Delaraare. 

Cask  in.— "M.  Gu^rin,  vicar  at  G^>zeville,  forty-six  years  of  age,  of  a  good  tempera- 
ment, strong,  and  corpulent,  with  a  good  appetite,  complained  of  a  d all  i>ain,  which 
finally  became  acute,  under  the  frontal  bone.  For  a  year  he  experienced  attacks  of  ver- 
tigo and  vomiting,  without  fever.  He  sUiggered  on  his  legs,  and  was  often  near  JaiUng 
forward.     Tlie  treatment  employed  was  antiphlogistic  and  derivative/* 

On  post-mortem  examination,  the  cerebrum  was  found  entirely  healthy,  but  the  en- 
velop of  tbe  cerebellura  was  collapsed,  folded,  and  only  contained  about  the  half  of  an 
egg-shell  full  of  a  brown  and  fetid,  lymphatico-purulent  liijuid. 

This  case,  as  far  as  the  description  goes,  shows  marked  diflaculty  in  oquillbratbn  or 
coordination. 

If  the  reader  have  carefiiUj  studied  the  foregoing  analysis  of  Andrttl'i  casen^  lu»  will 
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see  that  ©l^hty^five  mfty  be  throwD  out  altogether,  leaving  but  eight;  and,  of  these  eight 
eased*  five  are  so  imperfectly  described^  and  the  dii*organiztttion  of  the  cerebellum  is  so 
restricted,  that  the?  loay  also  be  disregardcnL  The  ninety-three  cases  are  thus  reduced 
to  three.  Of  these  tliree  ca^s,  id  two^  it  is  uncertain  whether  or  not  there  were  defi* 
ciency  of  coordinating  power;  and  in  one,  the  difficulty  in  equilibration  or  coordination 
waa  diHtinctly  noted.  This,  we  conceive,  disposes  of  the  much-quoted  oinety- three  caaea 
I  of  Andral ;  and  they  are  certainly  not  upposed  to  the  viaw  that  the  cerebellum  i»  Uie 
orgnn  of  equilibration  or  muscular  coordination. 

In  addition  to  the  cases  ctillected  by  Andral,  there  are  numerous  other  im^tances  on 
record  of  disease  confined  to  the  cerelielluin,  of  wbieh  the  following  are  examples: 

Cask  IV.— In  1820,  Potiet  reported  a  case  of  discttse,  in  which  the  cerebellnuj  was 
entirely  destroyed,  its  tissue  being  broken  down  into  a  8*>rt  of  whiti^b  bouiUie,  The  cere- 
brum was  healthy.  The  observation  was  made  in  171*6*  The  patient,  before  death,  was 
observed  to  present  a  remarkable  tendency  to  walk  backward.  lie  rose  from  his  seat 
with  diHiculty,  and,  once  erect,  the  first  movements  of  tlie  feet  were  lateral,  and  he  finally 
walked  by  moving  the  feet  from  before  backward.  His  locomotion  consisted  simply  in 
Dg  from  his  own  to  an  adjoining  bed  in  the  ward,  a  distance  of  about  six  feet, 
ABE  V. — One  of  the  most  remarkable  cases,  and  the  one  niot^t  fre<|uently  quoted  by 
igical  writers,  was  reported  by  Conibettyo,  in  1831.  This  patieot,  Alexandrine 
\  in  her  seventh  year,  was  seen  by  M.  Miqueh  Bince  tlje  age  of  five  years  only 
been  able  to  sustain  herself  on  her  feet.  M.  Miquel  was  struck  witli  her  alight 
development  and  tlie  feebleness  of  the  extremities.  At  the  age  of  nine  and  a  half  years^ 
ahe  was  admitted  into  the  Orphelitat.  *'When  sj^oken  to,  she  answered  with  dilhculty 
and  hesitation.  Her  le^,  although  very  feeble,  enabled  her  still  to  walk,  but  she  olten 
fell.*'  She  was  first  seen  by  M.  Combetto,  in  January,  1831.  8Iie  had  then  kept  the  bed 
for  three  months;  was  constantly  lying  on  the  back,  and  could  Bcarcely  movu  thelega; 
nsed  her  hands  with  ease,  Sim  died  of  some  inte-stinal  disorder,  March  25,  1831.  On 
mortem  examination,  *^in  place  of  the  cerebellum  there  was  a  cellular  membrane, 
gelatinSform,  semieireular,  from  eigiiteen  to  twenty  lines  in  its  transverse  diameter." 
There  was  no  trace  of  the  pons  Varolii.  Combetto  slates  that  Alexandrine  Labro-^su  was 
fthlci  to  walk  for  several  years,  always,  it  is  true,  in  an  nncertain  manner;  later,  her  legs 
l^ec^me  more  and  more  feeble,  and  finally  slio  ceased  to  l>e  able  to  sustain  lier  weight* 
She  had  the  habit  of  masturbation.  Combetto  farther  states  that  this  observation  is  not 
cord  '*  with  the  experiments  of  Fluiiren^,  which  tend  to  show  that  the  cercbellnm  is 
regulator  of  movements."  The  encei)halon  was  also  examined  by  Guillot,  who  noted 
8i>9€)Dee  of  the  cerebellum  and  of  the  pons. 

This  case  is  somewhat  imperfect,  as  it  was  not  seen  by  Combelte  nntil  the  fiatient  had 

kept  the  bed  for  three  months.     By  some  writers^  it  is  quoted  in  favor  of,  and  by  some, 

in  oppoaition  to  the  view  that  the  cerebellum  coordinates  the  muscular  movementa.     It 

was  not  a  case  of  sitn[»le  disease  of  the  rerebellum,  as  the  p«»ns  and  tlie  posterior  pednn- 

cles  were  nlsu  abiK?nt,    It  was  noted,  before  the  case  was  seen  hj  Oombette,  that  the 

^^ent  walked  in  an  uncertain  manner  and  often  fell. 

^^HBeveral  cases  of  injury  of  the  cerebellum  are  reported  by  Larrey. 

^^'Casb  VI. — One  case  is  described,  in  which  the  patient  was  stmck  by  a  ball  from  a 

binoderbnss,  which  grazed  the  occipital  protuberances.     There  was  no  dititurbance  of 

movement.     The  patient  died  on  the  thirty-ninth  day,  in  opisthotonos.     On  post-mortem 

examination.  **the  occipital  bone  had  sustained  a  considerable  loss  of  substance;  the  slit 

into  the  dura  mater,  to  which  wo  liave  allutled,  corresf>onded  to  the  centre  of  the  right 

lobe  of  the  rerebellum,  which  was  sunk  downward  and  was  of  a  yellowish  color,  but  free 

Km  suppuration  or  effusion.  The  medulla  oblf»nj:ata  and  spinal  marrow  bore  a  dull, 
he  aspect,  were  of  greater  consistence  than  is  natural,  and  had  lost  abimt  a  quarter  of 
their  si2e ;  the  nen^es  ariaing  from  them  appeared  to  us  also  to  be  in  a  atate  of  atrophy 
near  their  origin.'' 
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Case  VII.— Another  patient  was  struck  by  a  piece  of  wood  on  the  right  wde  t>t  tbe^ 

hea<L     He  was  found  dead  a  little  more  than  three  months  after  the  injury.     *^  The  h^bt 
hemisphere  of  the  cerebelhim  wan  entirely  tlitjorganized  by  an  absceas  which  |»ervi 
its  whole  8ubi*tance."     No  disturbances  of  movement  were  noted^ 

Casb  VllL — Another  patient  had  ery8ii>ehis  following  a  fall  on  the  side  of  the  he 
and  ab9C685.  Ho  lived  for  three  or  four  months.  Five  or  six  weeks  after  the  injury,  he 
had  severe  pains  in  the  occiput,  aud,  ''  when  standing,  he  could  with  ditficulty  only  pre-^ 
serve  his  equilibrium."  On  post-mortem  examination,  the  dcep-scat4L'd  vciiselu  of  the  cere-  ' 
brum  were  found  injected.  "  We  found,  in  the  left  lobe  of  the  cerei>ellum,  about  three 
table-spoonfuls  of  pus  of  a  whitish  and  gelatinous  asiiet't,  whieli  had  encroached  upon,  or 
rather  dispbiced  entirely,  the  hemisphere  of  the  cerebellum;  this  purulent  subs^tfinoe  was 
enveloped  within  the  pia  mater,  which  had  acquired  a  somewhat  tirmer  consistenee,  ajid» 
as  in  the  subject  of  the  preceding  case,  assumed  a  pearly  color.  The  otlier  half  of  the 
cerebellum  was  shrivelled,  and  the  meduliary  substance  funning  the  arbor-vitw  wa^of  a 
grayish  color  and  very  dense/* 

The  first  of  these  cases  was  found  by  Larrey  to  be  associated  with  extinctit>n  of  sexual 
appetite  and  atrophy  of  the  organs  of  generation.  In  the  first  two  cwmv*,  judging  from 
the  results  of  ez|»enmentg  on  animals,  there  was  not  enough  injury  of  the  cerebellum  U^ 
necessarily  influence  the  power  of  coordination.  In  the  last  case,  tliere  was  difficulty  in 
equilibration,  but  also  some  paralysis. 

A  number  of  cases,  which  It  is  unnecessary  to  detail  fully,  are  cited  by  Wapier,  in  the  j 
Journal  de  la  phythlogUy  18B1,  in  which  tottering  gait  and  want  of  equilibration  or  of 
muscular  coordination  were  noted,  in  connectiiTn  with  greater  or  less  dis«tr  n  of 

the  cerebellum.     In  the  same  journal,  is  a  brief  note  of  a  case,  reported  \>j  *,  in 

which  tliere  wjis  a  large  cyst  in  the  cerehcllum^  with  incomplete  paraplegia  and  "  H&at 
of  coordination  of  tiie  movements  of  progression,'* 

Case  IX. — A  most  remarkable  aod  carefully-obftcrved  case  of  atrophy  of  the  ccjvbcl* 
Intn  was  reported  by  Dr.  Fiedler,  in  1861.  The  subject  of  this  observation,  n  inim,  aged 
about  fifty  years,  had  remarkable  peculiarities  in  his  movements  for  thirty  year*.  After 
the  age  of  twenty  years,  it  is  stated  that  *'he  couhl  no  longer  walk  with  jis  mueh  c«r* 
tainty  as  liefore;  the  gait  was  staggering  {taumelnd),  ,  .  ,  Not  only  in  the  liouMiif  bol 
also  in  the  street,  the  patient  often  fell,  so  that  he  was  very  frequently  taken  for  a  dmnk- 
ard,  and  was  either  carried  home  or  taken  to  tlje  police-station.  It  Is  said  timt  he  acwr 
had  drunk  spirituous  liquors. 

'^Sometimes  the  patient  walked  backward,  but  only  a  few  steps.  He  never  had  toy 
turning  movements;  the  gait  was  always  tottering  (tr«cjt'%)  and  slow,"  He  never  M 
forward,  but  always  on  the  back.  On  post-mortem  examination,  the  cerebrum  wa«  found 
healthy,  "but  thi*  cerebellum  was  atrophied,  especially  at  its  posterior  and  inferior  portion, 
and  was  reduced  in  size  at  least  one-half."  Tliis  case  presented  the  phenomena  of  dtfee- 
tivo  coordination  to  a  marked  degree.     Nothing  is  said  of  vertigo. 

Among  the  most  striking  of  the  cases  of  disease  of  the  cerebellum,  are  two  obaerv^ 
by  Vulpian. 

Cask  X.^The  first  was  a  woman,  forty -nine  years  of  age,  in  the  hospital  of  ^j  *^/- 
pitrih'e.  *'  All  of  the  movements  were  jtreserved,  hat  locomotion  was  most  irre|riilai 
ond  difficult ;  she  could  only  walk  in  the  most  himrre  manner,  resting  on  a  chair  wbiet 
she  placed  before  her  at  every  step,  and,  in  spite  of  her  efforts  at  equilibration,  she  otic 
fell,''  This  patient,  however,  retained  great  muscular  power.  On  post-mortem  **%aa 
nation,  ''the  cortical  gray  substance  of  the  cerebelkmi  was  found  entirely 
the  nerve-cells  of  this  layer  had  disappeared.''     There  was  considerable  fCii  i  tl» 

else  of  the  cerebellum.     The  corfK)ra  dentata  were  perfectly  presenred,  ^^ahowingthi 
these  parts,  at  all  events,  have  but  a  slight  office  in  coordination,'* 

Case  XI. — The  second  case  presented  an  old  softening,  about  the  size  of  •  1 
destroying  a  corresponding  amount  of  tlie  cerebellar  substance  of  one  of  i 
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The  corpus  dentatum  waa  completely  destroyed.  This  woman  '^  walked  well, 
liiil  it  appears  uevertht^It^ss  tliat  ahe  vacillated  very  alightly  in  Iter  gait^  witliout,  bow- 
erer,  a  tendency  to  fulU^' 

We  liave  thus  cited  quite  a  Dumber  of  cased  of  diabase  confined  to  the  cerebellum,  in 
which  lh*?re  was  marked  disturbance  in  the  mustjukr  movements ;  Imt  there  tiro  others, 
in  whicb  the  movementi^  were  uuaffocted.  An  an  c\uuiple  of  the  latter,  we  may  ret'er  to 
a  case  quite  fully  reported  by  Bouvier : 

Cask  XIL — '*  A  man,  fifteen  years  of  age,  had  been  subject,  for  a  length  of  time,  to 
adischar^  from  the  erir,  with  deafness  and  frequent  heudacLc,  He  was  sutldeuly  seized 
with  more  severe  headache  on  the  left  side  ot  the  head,  vomiting,  and  di^urder  uf  mind, 
Hla  aytnptimi^  were,  indeed,  so  chiiracterte»tic,  thiit  a  physician  who  was  coni»ulted  pro- 
nounced bim  to  be  laborini^  under  abscess  iu  tlju  Lead,  and  that  death  was  almost  certain. 

"He  entered  the  Hotel  DUu  on  the  15th  of  September,  three  weeks  utter  the  laat 
exacerbation,  when  he  compkiined  of  fixed  pain  in  the  head,  which  frequently  caused 
him  to  cry  out;  sensibility,  in  other  respects,  obtuse ;  mIow  answers;  somnoleocy  ;  face 
pale;  features  sunken;  look,  sad  and  anxious;  a  copious,  purulent  discharge  from  the 
left  ear;  deafness  of  the  same  side ;  pulse  slightly  slower;  vomiting;  constipiition  ;  tbo 
movements  of  the  limbs  were  preserved,  an  incomplete  paralysis  of  the  upper  eyeM 
being  alone  observed. 

"  These  symptoms  continued  for  the  following  days  without  any  marked  aggravation ; 
and  it  seemed  probable  that  the  patient's  life  might  still  he  prolonged  for  some  time, 
when,  on  the  23d  of  September,  alter  vunoting,  accompanied  by  great  agitation  and  vio- 
lent outcry,  he  suddenly  fell  into  a  state  of  complete  collapse.  Kespiration  becjime 
embarrassed,  and  he  died  eigbt  days  alter  his  entrance  into  the  hospitid,  with  symptoms 
of  asphyxia. 

**  On  examining  the  body,  there  was  found,  ea  had  been  foretold  during  life,  a  cariea 
of  the  petrous  portion  of  the  temporal  bone,  and  an  abscess  in  the  interior  of  the  cra- 

im.     But  what  was  remarkable,  the  abscess  occupied  the  left  hemisphere  of  the  cere- 

iura,  although  nothing  led  to  the  suspicion  that  there  was  any  lesiun  of  that  organ. 
There  was  an  eitensive  cavity,  which  invnded  the  two  outer  thirds  of  the  left  lobe  of 
the  cerebellum,  and  which  contained  several  ttible-spoonfula  of  pus,  soToew hat  similar  to 
that  of  an  abscess.  The  substance  forming  its  pnrietes  were  softened  and  of  a  livid  tint. 
The  meatus  auditorius  was  filled  with  reddish  vegetations* 

"The  caries  occupied  the  base  of  the  pars  petrosa  only — the  labyrinth  and  auditory 
n^rre  were  untouched.  There  was  no  perceptible  communication  between  the  internal 
abscess  and  tlie  abscess  of  the  caries.  The  fliscfise  of  the  bone,  however,  extended  to 
the  dum  mater,  in  two  xi^ry  circumscribed  points,  nt  tlie  upper  and  hind  part  of  the  pars 
petrofliL,  The  dura  mater,  opposite  these  p* pints,  was  deeply  colored  ;  and  its  coloration 
extended  tu  its  inner  srirface,  where  it  was  in  contact  with  the  cerebellum. 

"The  cerebral  ventricles  were,  moreover,  distended   l>y  a  limpid  fluid;  Hud  the  pia 

iter  eihibited  a  decided  injection  under  tlie  anterior  part  of  the  cerebral  lobes,  chi^y 

the  left  side. 

'^  *Two  circumstances,'  says  M.  Bouvier,  *  give  interest  to  this  case.  The  first  is  the 
ftimoit  entire  separation,  by  menus  of  the  dura  mater — which  was  scarcely  affected — 
between  two  lesions,  one  of  which  must  have  been  the  effect  of  the  other  ;  so  that  it  is 
difficult  to  explain,  merely  by  continuity  of  tissue,  the  trimsmission  of  the  affection  Irom 
the  car  to  the  cerebelium. 

**  *  The  second  is  the  absence  of  all  the  synq»toms  wliicli  have  been  of  late  regarded  aa 
AH  effect  of  lesions  of  the  cerebellum — such  as  augmentation  of  the  general  sensibility, 
loas  of  equilibrium,  and  excitation  of  the  genital  organs.  Could  this  peculiarity  be  owing 
to  the  nlowness  of  the  affection,  or  to  its  not  having  extended  sufficiently  far  from  the 
ttde  of  the  medulla  oblongata?  ^  ^' 

The  interpretation  of  certain  of  the  cases  which  we  have  cited  depends  apparently 
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upon  the  ideas  concerning  the  functions  of  the  cereUellnm  with  which  tbejr  are  regarded  * 
We  shouli]  certainly  consider  t)io^e  cases  in  which  disordt'red  movemt'nta  bavt'  been 
noted,  iiA  vevy  sitrong  evidence,  token  in  eunneotion  with  the  results  of  e^cperiments  upoa. 
living  uniuials,  that  the  cerebeJIuin  regulates  equilibration  and  miiscolar  codrdtnation^l 
Some  physiologists  regard  them  m  in  accordance  with  the  view  that  injury  of  lh«?  c<?re- 
bellum  does  not  alTect  coordination,  bat  simply  produces  vertigo.     It  remains  it>r  the 
reader  to  judge  wliether  or  not  the  phenomena  observed  in  these  cases  Indicate  want  of 
coOrdinatitifj  power.     In  the  ease  rei>orted  by  Bonvier,  the  legion  of  the  cerebeHQDi  waaj 
not  sutticitmt  to  neccijsarily  disturb  coordination. 

We  now  come  to  the  main  ijue^tion,  whether  or  not,  in  view  of  the  results  of  eiperi- 
ments  opon  unimais  und  the  piieuomoQa  observed  in  (siises  of  disease  or  injury  of  the  ccre<| 
bellum,  this  nerve-centre  presides  over  coordination  of  action  of  the  muscles,  which  is} 
certainly  necessary  to  equilibration,  except  the  muscles  of  the  face  and  tbo?e  concerned  | 
in  sfieecli.     This  question,  it  seems  to  ii6,  can  be  definitely  answered. 

Every  ciiretully-observed  case  that  we  have  been  a)jle  to  find,  in  which  there  was 
tincoiu|incuted  diiieaae  or  injury  of  tbe  cerebdluuj^  pmvided  the  disease  or  iiyury  iuvolved 
more  than  half  oi  the  organ,  presented  great  disorder  in  the  general  movements,  par- 
ticularly those  of  progression.  We  havu  collected  the  more  or  less  complete  reports  of 
twelve  case5.  In  Case  il.,  there  was  softening  of  one-half  of  one  hemisphere,  with 
remarkable  convulsive  movements.  In  Case  V.,  the  one  so  often  quoted  from  Comlieite,  \ 
the  ffait  was  uncertain,  with  frequent  falling;  there  was  Incomplete  paralysis;  but*  in 
aiidition  to  the  absence  of  the  cerchellimi,  there  was  no  pons  Varolii.  In  Csse  VL, 
there  was  no  disturbance  of  movement,  and  tliere  was  partid  degeneration  of  one  kleral 
lobe  of  the  cerebellum.  In  Case  VIL,  there  was  no  disturbance  of  movement,  and  dis- 
organization of  one  lateral  lobe  of  the  cerebellum.  In  Case  XI.,  there  was  slight  loisof 
substance  in  one  lateral  lobe  of  tbe  cerebellum,  and  slight  *MraciJlation  "  in  the  move- 
ments. In  Case  XI!.,  there  was  an  abscess  involving  two-thirds  of  one  lateral  lobe,  and  iht 
movements  of  iha  limbs  were  preserved.  In  Cases  I.,  III.,  IV.,  VUI.,  IX.,  X.,  six  out  of 
twelve,  there  wa.s  difficulty  in  muscular  co5rdination,  which  was  invariably  in  direct  ratio 
to  the  amount  of  cerebellar  substance  involved  in  the  dise^ise  or  injury.  \Ve  du  not  make 
the  reservation,  tliat  more  tlian  half  of  the  cerebellum  must  be  destroyed  in  order  necef- 
sarily  to  produce  difficulty  in  muscular  eofirdiiiation,  ui>on  purely  theoretical  grounds,  bet 
wo  regard  this  point  as  positively  demonstrated  by  experiments  upon  animals,  1  heM.»  ex- 
periments show  that  oQc-half  of  the  organ  is  capable  of  performing  the  fti action  of  the 
whole.  We  have  an  analogy  to  this  in  the  action  of  the  kidneys,  one  of  which  is  fiufficirnt 
for  the  elimination  of  the  effete  constituents  of  the  urine,  after  the  other  has  been  rvmor^* 

Notvut]]standing  the  contrary  views  of  many  physiological  writers,  we  arc  linnljr 
convinced,  from  experiments  and  a  careful  study  of  pathological  facts,  that  there  i»  no 
one  [loint  in  the  physiology  of  the  nerve-centres  more  definitely  settled  than  that  ibe 
cerebellum  presides  over  equilibration  and  the  coordination  of  the  muscular  moveuientii, 
particularly  those  of  progression.  In  this  statement,  we  make  exeeptiruis  in  favor  of  the 
DGovements  of  respiration,  deglutition,  of  the  face,  and  of  those  concerned  in  spe€»<'ii»  «i 
well  as  the  involuntary  movements  generally.  As  another  example  of  u  nerve-eentrc  pre- 
siding over  muscular  cot^rdination,  we  have  the  instance  of  the  portion  of  the  left  anterior 
lobe  of  the  cerebrum  which  coordinates  the  action  of  the  muscles  concerned  in  speireh. 

The  theory  that  the  disordered  movements  which  follow  ityury  of  the  cercbelluiu  afv 
duo  simply  to  vertigo  is  not  tenable  ;  and  in  only  one  of  the  eases  cited  is  vertigo  men- 
tioned. There  is  a  disease,  involving  the  semicircular  canals  and  either  parts  of  ihe  inter- 
oal  ear,  called  MC^niere^s  disease,  in  wliich  there  is  marked  want  of  equilibration  ind 
mnscular  coordination,  attended  with,  and  probably  dependent  upon  vertigo.  The  ver- 
tigo is  always  very  distinct  and  is  mentioned  in  all  of  these  oases;  and,  although  it  h  leiftJ 
ID  the  recumbent  postnrei  it  is  never  entirely  absent.  A  careful  8tud>'  of  these  easeii^ 
comparing  them  with  the  cases  of  deficient  coordination  from  disease  of  the  ceribefluiDM 
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cannot  fAil  to  show  a  gri^ut  difierence  between  tbe  phenomena  following  cerebellar  dis- 
»  and  tbe  muscuJar  {dienomcna  due  to  well-marked  and  persistent  vertigo. 


ConntctioH  nf  the  CereheUum  trith  the  Generatire  Function. ^The  fact  lliat  the  cere- 
^  bellaia  i^  the  centre  for  eqailibrtUioE  and  the  foOrdination  of  eertaiu  luuiscular  move- 
H^enld  does  nut  necessarily  imply  that  it  lios  no  other  functions.  The  idea  of  Gall,  that 
P  '•*  the  cerebellum  is  the  or^an  of  the  iniitiiict  of  genemtion/*  is  sufficiently  familisir;  and 
I  there  are  numerous  (acts  in  pathology  which  ^how  a  certain  ri'lation  between  this  nervu- 
Lgh/Mntro  and  the  organs  of  generiuiou,  aUhoui^h  the  idea  that  it  presides  over  tiie  genera- 
P^^ve  function  is  not  sustained  by  the  results  of  experimeotii  upon  animuU  or  by  tacts  in 
comparative  anntomy* 

III  experiments  upon  animaU  in  which  the  cerebellum  has  been  removed,  there  is  noth- 
ing pointing  directly  to  this  part  a:?  the  organ  of  the  generative  instinct.  Flourens  re- 
moved a  great  part  of  tlie  cerebellum  in  u  cock.  The  animal  survived  for  eight  ujontlia. 
Jt  was  put  several  times  with  hens  and  alwaya  attempted  to  mount  them^  but  without 
auocesa,  from  want  of  equilibriuuL  In  tlni*  anirual,  the  tt'stieles  were  enormuui.  This 
obaervatiou  has  been  repeatedly  confirmed,  and  there  are  no  instances  in  whit-h  tlie  eere- 
bellum  has  been  removed  with  apparent  destruction  of  sexual  instinct.  In  a  compurlsoa 
of  the  relative  weights  of  the  cereb*?lhiiii  in  stallions,  mtircs,  and  geldings,  Leurci  found 
that,  far  from  being  atrophied,  the  cerebellum  in  geldings  waa  even  larger  than  in  either 
stallions  or  maren. 

Iq  the  nunierons  eases  of  disease  or  iiyury  of  the  cerebellum,  to  which  we  have 

iferred,  there  are  some,  in  which  irritation  of  this  part  has  been  fullowcd  by  per- 

nt  erection  and  manitest  exaggeration  of  the  sexual  appetite,  and  others,  in  which 

it«  extensive  degeneration  or  destruction  has  ar>parently  produced  atrophy  of  the^'enera- 

Uve  organs  and  total  ioss  of  sexual  desire.     There  are  also  certain  cases  of  tins  kind 

hich  we  have  not  yet  cited.     Serres  gives  the  history  of  several  cases,  in  which  irrita- 

n  of  the  cerebellum  was  followed  by  satyriasis  or  nyinphom:inia.  but,  in  other  canes, 

lliere  were  no  symptoms  referable  to  the  generative  organs.     In  the  case  reported  by 

Cotnbette,  the  patient  had  tlie  habit  of  manturbation.     Dr.  Fisher,  of  Boston,  reported 

(lK.'iH)  two  eases  of  diseased  or  atrophied  cerebellum,  with  absence  of  sexual  desire, 

d  one  case  of  irritation,  with  satyriasis.     Similar  instances  are  given  by  other  writers, 

hicb  it  is  unnecessary  to  detail.     We  have  already  cited  the  observations  of  Budge,  in 

whirh  mechanical  irritation  of  the  cerebellum  was  followed  by  movements  of  the  uteroa, 

testi*'lcs,  etc. 

AIthou;:h  there  are  many  facts  in  pathology  which  are  opposed  to  the  view  that  the 
cerebellum  presides  over  tlie  generative  functioD,  there  are  numerous  cases  which  go  to 
show  a  certain  connection  between  tliis  portion  of  the  central  nervotis  system  and  the 
organs  of  generation  in  the  human  subject.  Hut  this  is  all  that  we  can  say  upon  this 
iinportjiat  point;  certain  it  is  that  the  facta  are  not  sufficiently  numerous,  definite,  and 
invariable,  to  sustain  the  doctrine  that  the  cerebellum  is  the  seat  of  the  sexual  instinct. 

Detetopimnt  of  the  CereheUum  in  thtt  Lmctr  Animah. — The  study  of  tbe  comparntivo 
anatofoy  of  the  cerebellum  baa  little  physiolofrical  interest,  exeei>t  in  so  far  as  it  bears 
npon  our  knowledge  of  its  fimctions.  From  this  pr»int  of  view,  there  is  little  to  be  said 
concerning  its  developnicnt  in  the  animal  scale.  We  can  hardly  establish  n  dt?tinite  rela- 
tion between  this  particular  part  of  the  enncj»halon  and  the  cornplicateil  cliur;ii^ter  of  the 
muscular  movements;  for,  as  we  pas'i  from  the  lower  to  the  higher  orders  of  animals,  we 
have  other  parts  of  the  brain,  as  well  as  the  cerebellum,  developed  in  proportion  to  the 
increased  complexity  of  the  muscular  system.  Nor  can  we  connect  the  comparative 
anatomy  of  tbe  cerebellum  with  tbe  ideas  of  the  functions  of  this  organ  in  connection 
with  generation.  The  ampbioxus  lanciolatus  has  no  cerebellum^  and  this  organ,  there- 
fore, is  not  indispensable  to  generation.  In  some  animals  remarkable  for  salacity,  the 
cerebellum  is  not  unusually  large ;  and  facts  of  this  kind  might  bo  multiplied  ad  injimtum. 
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We  htt%*e  thas  diseowed  only  those  views  with  regard  to  the  functions  of  tb©  e«rebd- 
lum  which  art!  supported  hy  experiracuUi!  or  pathological  fat^  and  have  not  toiicht'd 
upon  the  vaguo  and  nn supported  ideas  advanced  hy  various  writers  before  the  publica^l 
lion  of  the  remarkable  observatioua  of  Flourens.    There  is  no  proof  that  the  cerebellun 
is  the  organ  presiding  over  memory,  the  involuntary  movements,  i^eneral  sensibiUty,  > 
the  general  voluntary  movements*    The  only  view  that  1ms  any  positive  experimenlal  < 
[Mitliolugicftl  Imsis  is  that  it  presides  over  equilihnition  and  the  ooOrdination  of  certaiiil 
rauacular  nioveineuta,   and  is,  ptfrhapsi,  in  some  way  connected  with   the  gcnerativaJ 
ftmction. 

Ganglia  at  (he  Base  of  the  Encephalon, 

At  the  base  of  the  encephalon,  are  found  several  eoUecttons  of  gray  matter »  or  gan- 
glia, some  of  which  have  functions  diiitinct  from  those  already  described  in  connection  witli  j 
the  cerebrum  and  cerebellum ;  but  most  of  them  are  so  difficult  of  access  in  living  ani- 1 
mak,  that  we  |K»6se88  very  little  definite  information,  even  with  regard  to  their  gcneriJ  j 
properties.     We  have,  however,  a  tolerably  complete  knowledge  of  the  functions  of  ib«  | 
medulla  oblongata  and  the  tubercula  quadrigeminu,  and  have  some  idea  of  the  physiokigy  j 
of  the  tuber  annulare;  but  the  funetions  of  the  corpora  etriata,  optic  thalami,  ventriclci, 
pineal  gland^  pedimcles,  etc. ^  are  little  understood,  and  the  speculations  of  the  old^f 
writers^  with  the  indefinite  experiments  of  modern  physiologist^^  upon  the4»e  part%  will 
be  passed  over  very  briefly.  ^ 

Corpora  Striata*  ■ 

Those  bodies  are  somewhat  pear-abaped,  and  are  situated  at  Hie  base  of  the  brtiiw 
portly  without  the  cerebral  hemispheres  and  partly  embedded  in  their  white  aabstanct. 


^ 


y- 


UUl  T*iitrirlp :  %  tK«  two  lumlnn*  of  tbc  M^jjtiim  Inddnm  m«M'tinir  In  frcjnt  of  thi*  fifth  Tfntrlrli' :  8»  l^lfef*"^ 
mlDor;  4,  tmt^Xcrifw  portion  of  tbc  corpii«  callo^tim;  5.  middU'  iK>rtton  of  tJie  fornli:  d,  po^KoHor  tWV  tf  ■' 
IWnlt;  T,  clpriocamptu  miijor;  •%  emtneDtlii  collAtcralia;  &,  IftWral  portion3  of  thi»  lUmJA ;  IQl,  cbtim  p)*' 
11,  iKCll*  Mtuldi«uluift:  lie,  corpus  ttriaUtm* 
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Tlieir  rounded  base  is  directed  forward,  and  the  narrower  end,  backward  and  outward. 
Tbeir  external  surface  is  gray,  and  they  present,  on  section,  alternate  striae  of  white  and 
graj  matter,  wbich  appearance  has  given  them  the  name  of  corpora  striata.  Between 
the  narrow  extremities  of  these  bodies,  are  situated  the  optic  tlialami. 

There  is  very  little  to  be  said  with  regard  to  the  functions  of  the  corpora  striata. 
Burdon- Sanderson  has  lately  shown  that,  when  the  corpus  striatum  on  one  side,  exposed 
by  carefully  removing  a  small  portion  of  the  anterior  lobe  of  the  cerebrum,  is  stimulated 
with  a  weak  induced  current  of  gjilvanism,  movements  of  the  muscles  occur  updn  the  oppo- 
site side  of  the  body.  If  the  deepest  parts  be  stimulated,  *'  tlie  animal  opens  its  mouth, 
puts  out  its  tongue,  and  draws  it  in  again  alternately."  When  the  corpora  striata  are 
removed,  disturbing  the  hemispheres  as  little  as  possible,  there  appears  to  be  no  paralysis, 
either  of  motion  or  sensation. 

We  have  obtained  a  little  more  information  regarding  the  functions  of  the  corpora 
striata,  from  cases  of  cerebral  hfemorrhage  in  the  humnn  subject,  than  from  experimental 
investigations.  In  apoplexy,  when  the  corpus  striatum  on  one  side  is  alone  involved, 
there  is  paralysis  of  motion  of  the  opposite  lateral  lialf  of  the  body,  the  general  sensibility 
usually  being  unaffected.  Facts  of  this  kind  show  tiiat  the  action  of  the  corpora  striata 
is  crossed;  and  they  farther  illustrate  their  connection  with  the  motor  tract  from  the 
hemispheres. 

There  is  no  reason  to  suppose  that  the  corpora  striata  are  the  centres  of  olfaction,  as 
was  at  one  time  thought,  for  they  are  sometimes  absent  in  animals  possessing  very  large 
olfactory  nerves,  and  they  are  very  largely  developed  in  the  cetacea,  in  which  the  olfac- 
tory apparatus  is  rudimentary. 

Ojytic  Thalami, 

From  their  name,  we  should  infer  that  the  optic  thalami  have  some  important  func- 
tion in  connection  with  vision ;  but  they  serve  merely  as  beds  for  the  optic  commissures 
and  give  to  the  nerves  but  very  few  fibres.  They  are  oblong  bodies,  situated  between 
the  posterior  extremities  of  the  corpora  striata,  and  resting  upon  the  crura  cerebri  on  the 
two  sides.  They  are  white  externally,  and,  in  their  interior,  present  a  mixture  of  white 
ami  gray  matter.  Longet  hjis  destroyed  them  upon  the  two  sides,  carefully  avoiding 
injury  of  the  optic  tracts,  and  he  noted  no  interference  with  vision  or  with  the  move- 
ments of  the  iris. 

The  optic  thalami  seem,  from  experiments  upon  animals,  to  have  a  peculiar  crossed 
action  upon  the  muscular  system.  While  their  mechanical  irritation  produces  neither 
pain  nor  convulsive  movements,  showing  that  they  are  ])rcbably  insensible  and  inexci ta- 
ble, the  extirpation  of  one  optic  thalamus  is  followed  by  enfeeblement  of  the  muscles  of 
the  opposite  lateral  half  of  the  body,  without  actual  paralysis.  When  both  have  been 
removed,  there  is  general  debility  of  the  muscular  system.  It  is  unnecessary  to  refer  to 
other  experiments  upon  these  parts,  which  have  been  very  indefinite  in  their  results,  or  to 
allude  to  the  "  circular "  movements  produced  by  lesion  upon  one  side,  involving  also 
the  crus  cerebri ;  for,  beyond  the  statement  just  made,  the  function  of  the  optic  thalami 
is  unknown. 

We  derive  but  little  information  concerning  the  optic  thalami  from  cases  of  cerebral 
Liemorrhage  in  the  human  subject ;  for  it  is  not  common  to  have  disease  involving  these 
parts  and  not  affecting  other  centres.  In  some  cases  of  lesion  limited  to  the  optic  thala- 
mus on  one  side,  there  is  paralysis  of  sensation  of  the  opposite  lateral  half  of  the  body, 
without  actual  paralysis  of  motion,  although  the  movements  are  generally  feeble.  When 
the  brain-lesion  involves  both  the  corpus  striatum  and  the  optic  thalamus  on  one  side, 
which  is  more  common,  there  is  paralysis  of  motion,  with  loss  or  disorder  of  sensibility, 
on  the  opposite  side  of  the  body.  These  facts  illustrate,  to  a  certain  extent,  the  anatomi- 
cal connection  of  the  optic  thalami  with  the  sensory  tracts,  although,  in  experiments  upon 
animals,  destruction  of  these  parts  does  not  necessarily  affect  the  general  sensibility. 
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Tubercida   Quadri^emina, 

These  little  bodies,  sotnetitDes  called  tbe  optto  lobes,  are  rounded  cminencifa,  t 
upon  eitiier  side,  situated  jast  below  the  tbird  ventriele.  Tfje  anteriorj  called  the  natc^J 
fire  the  larger.  These  are  oblong  and  of  a  grayish  color  externally.  The  posterior,! 
called  the  testeg,  are  situated  just  behind  the  aqterior.  They  are  rounded  and  are  rathe: 
lighter  in  color  than  the  anterior.  Both  contain  gray  nervous  tnatter  in  their  interior. 
They  are  the  main  points  of  origin  of  the  optic  nerves  and  are  connected  by  commUsa- 
ral  tibres  with  the  optic  thalaini.  In  birds,  the  tubercles  are  two  in  number,  instead  of 
four,  and  are  called  tubercular  bigemina. 

It  15  probable  that  the  tubercula  quadrigemina  are  inexcitable  and  insensible*  When 
pain  and  convulsive  movements  have  apparently  followed  their  mechanical  irritation  in 
living  animals,  thea<3  phenomena  have  probably  been  due  to  excitation  or  stimulation  of 
the  motory  or  sensory  commissural  fibres  which  pass  beneath  them. 

As  regards  the  functiou  of  the  optic  lobes,  aside  from  their  action  m  retlex  nervoaa 
centres  for  the  movements  of  the  iris,  there  is  little  to  be  said,  except  that  tliey  preside 
over  the  sense  of  sight.    They  are  easily  reached  and  operated  upon  in  birds,  where  thvjf 
are  very  large,  and  their  extirpation  is  followed  by  total  loes  of  sights  as  well  as  abolilioa 
of  the  reflex  movements  of  the  iris.     In  birds  and  in  those  mammals  in  which  they  havo 
been  operated  upon,  their  action  in  virion  is  crosijed  ;  L  f.,  when  the  lobe  is  removed  wym 
one  side,  the  sight  is  lost  in  the  opp08ite  eye,  vision  in  the  eye  upon  the  same  &ide  being 
nnimpaired.     We  have  long  been  in  the  habit,  in  class-demonstrations,  of  removing  tl)<t 
optic  lobe  on  one  side  from  a  pigeon*  with  the  rej^ult  just  mentioned.     The  operatioo  il 
cpiite  simple :  A  part  of  the  skull  is  retnoved  by  the  side  of  one  hemisphere^  and  llie 
optic  lobe  is  seen,  in  the  form  of  a  large,  white  tubercle,  between  the  posterior  porti<«i  , 
of  the  cerebrum  and  the  cerehelhun.     A  little  slit  is  then  made  in  its  ca[)8nle,  and  the 
interior  is  broken  up  carefnlly  with  a  delicate  forceps*     The  anhnal  generally  rccoien 
from  the  ojjeratton,  blinded  in  the  eye  upon  the  opposite  side.     In  removing  the  p*irtioo 
of  the  skull,  it  is  well  not  to  go  too  far  back,  as  there  is  then  danger  of  wounding  Ti>^ 
great  venous  sinus  and  complicating  the  operation  by  haemorrhage. 

In  treating  of  the  specird  sense  of  sight,  we  shall  see  that  the  decu^ation  of  iBo 
optic  nerves  is  more  complex  in  man  than  in  birds,  in  which  the  nerve  from  one  opik 
lobe  passes  totally  and  exclusively  to  the  eye  upon  the  opposite  side.  In  man,  mo^l  c# 
the  fibres  of  the  optic  nerve  from  one  side  pass  to  the  eye  upon  the  opposite  side ;  bat  • 
few  fibres  pass  to  the  eye  upon  the  same  side,  a  few  connect  the  tubercles  upon  the  two 
sides,  and  a  few  connect  the  two  eyes.  It  is  not  known  whether  or  not,  in  man,  tk 
action  of  the  tubercles  in  vision  is  exclusively  crossed,  as  it  appears  to  be  in  most  of  tlio 
inferior  animals. 

The  optic  lobes  undoubtedly  serve  as  the  solo  centres  presiding  over  the  sense  «f 
sight,  and  not  merely  aa  avenues  of  communication  of  this  pense  to  the  cerebral  Jicnii" 
spheres.  A  positive  proof  of  this  proposition  lies  in  the  fact  that  the  sense  of  lighl  i* 
preserved  after  complete  removal  of  the  cerebrum,  provided  that  injury  of  the  tobff* 
cles  have  been  carelully  avoided. 

We  shall  say  nothing,  in  this  connection,  w*itb  regard  to  the  movements  of  tbe  irii» 
except  that  the  reflex  action  by  which  the  size  of  the  pupil  is  mwlified  is  effected  Uiroo^li 
the  optic  lobes  as  nerve-centres.  The  mechanism  of  the  movements  of  the  iris  and  tlifir 
regulation  through  nervous  action  nro  questions  of  great  interest  and  are  somewhwt  ce©- 
plei-  We  have  already  treated  of  thern  to  some  extent,  in  connection  with  tho  ph«»*' 
ology  of  the  third  pair  of  nerves,  and  they  will  be  considered  still  more  fully  in  the  i<^ 
tion  upon  the  special  sense  of  sight. 

GanffUon  of  the   Tuber  Annulare, 

The  tuber  annalare,  called  the  pons  Varolii  or  the  mesocephalon,  is  situated  «t  *"* 
baae  of  the  brain,  just  above  the  meduUa  oblbngata.    It  is  white  exteniolly  and  coDtsinf 
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in  iti*  interior  a  hirjje  ftdmiiture  of  gray  matter.  It  preseDts  both  transverse  and  longt- 
tiidinal  white  fibres.  Its  tratiisverse  Stjres  connect  the  two  halves  of  the  cerebelJam,  Ita 
longitudinal  fibres  arc  connected  below,  with  the  aDtorior  pyramidal  bodies  and  thy  oU- 
vary  bodies  of  the  medulla  oblongata,  the  lateral  columtiB  of  the  cord,  and  a  certain  por- 
tion of  the  posterior  colunms.  Above,  the  fibres  are  connected  with  the  crura  cerebri 
and  pass  to  the  brain.  The  superticial  transverse  fibres  are  wanting  in  animuj?  in  wliii-h 
the  cerebellum  Las  no  lateral  lobes. 

The  general  properties  of  the  tuber  annular©  have  been  demonstrated  In  the  most  sat- 
isfactory manner  by  Longet.  la  bis  ex|>erimeuts,  direct  excitation  of  the  sni>erficial 
tratisvei*8e  fibre*  did  not  produce  well-marked  convulsive  movements,  and  th*;re  wvre  no 
convulsions  when  the  posterior  fibres  were  stimuUited.  When  gahimizaliun  was  applied 
to  the  di^cper  Jinterlor  fibres,  convulsive  movements  were  distinct  at  each  exeit-iition, 
Stimulation  of  the  posterior  portion  ahvays  produced  pain.  This  was  not  constantly 
observed  t^j  follow  irritation  of  the  anterior  portion,  and,  when  pain  occnrredt  it  was 
thonght  to  be  due  to  irritation  of  the  root  of  the  fillh  nerve* 

The  above  experiments,  it  h  true,  are  not  so  free  fi*om  imoertaiuty  as  those  made  upon 
the  more  accessible  parts  of  the  encephalon,  but,  as  far  as  they  go,  they  tend  to  show  that 
the  tuber  annulare  is  both  insensible  and  inexcitnblo  in  its  euperfieijil  anterior  portion, 
vhich  13  composed  chiefly  of  commissural  fibres  from  the  cerebellum ;  that  it  is  excita- 
ble and  probably  insensible  in  its  deeper  anterior  portion,  which  seems  to  be  compose*! 
elilefiy  of  descending  motor  conductors;  and,  finally,  that  it  is  sensible  and  probably 
tnexcitable  in  iLs  posterior  portion. 

The  tuber  annulare  undoubtedly  acts  as  n  conductor  of  sensory  imprcssinns  and  motor 
«timrUus  to  and  from  the  cerebrum,  as  we  should  naturally  expect  from  the  diroclion  of 
lU  fibres,  and  as  has  been  repeatedly  shown  by  cases  of  di^ase,  particularly  as  regards 
motion.  In  addition,  however,  Judging  from  the  fact  that  it  contains  numerous  nodulei) 
of  gray  matter  between  fasciculi  of  w^bite  fibres,  and  that  this  gray  matter  contains  eel- 
ififgi'  dements  similar  to  those  found  in  otlier  nerve-centreH  and  from  which  nerve- 
Wh|i  nndoubtedly  originate,  it  would  he  inferred  that  these  nodules  have  a  distinct 
function  and  give  to  the  tuber  annulare  the  properties  of  a  nerve-centre.  It  will  be 
interesting,  therefore,  to  follow  out  the  experiments  upon  this  part,  by  which  its  action 
AS  tk  centre  has  been  illustrated.  These  experiments  are  of  two  kinds:  First,  the  re- 
moval of  other  encephalic  ganglia,  leaving  only  the  tuber  annulare,  the  medtdla  oblon- 
gata, and  the  cerebellum,  and  noting  the  properties  or  factdtiea  retained  by  animals 
onder  tliese  conditions.  Experiments  of  this  kind  are  tolerably  definite,  as  we  already 
know  the  general  functions  of  most  of  the  other  encephalic  ganglia.  Secrmd,  to  note 
the  effect*  of  extirpation  of  the  tuber  annulare  alone. 

If  the  cerebral  hemispheres,  the  olfactc*ry  ganglia,  the  optic  lobes,  the  corpora  striata, 
A&d  the  optic  thalami,  be  removed,  the  animal  loses  the  speeifd  senses  of  smell  and  ^igbt 
and  the  intellectual  faculties  there  is  a  certain  amount  of  enfeeblement  of  the  muscuiar 
system,  but  voluntary  motion  and  general  sensibility  are  retained.  There  can  be  no 
dmibt  upon  these  points.  As  far  as  voluntary  motion  is  concerned,  an  animal  oper- 
ated upon  in  this  way  is  in  nearly  the  same  condition  as  one  simply  deprived  of  the 
cerebral  hemispheres.  There  are  no  voluntary  movementa  which  show  any  degree  of 
intelligence,  but  the  animal  cjin  standi  and  vnrions  consecutive  movements  are  executed, 
Vbich  are  entirely  different  from  the  !*imple  reflex  acts  depending  exclusively  unon  the 
•fiinal  cord.  The  co-ordination  of  movements  [%  perfect,  unless  the  cerebellum  be  re- 
move>d.  As  regards  general  sensibility,  an  animal  deprived  of  all  the  encephalic  jranglia 
except  the  tnber  annulare  and  the  medulla  oblongata  undoubtedly  feels  pain.  This  has 
b*en  demonstrated  in  the  most  conclusive  manner  by  Longet,  and  has  been  shown  even 
more  satisfactorily  by  Ynlpian.  In  ralibits,  rats,  etc.,  after  removnl  of  the  cerebrnm, 
corpora  striata.,  and  optic  thahimi,  pinching  of  the  ear  or  foot  is  inmiediately  followed  by 
prolonged  and  plaintive  cries.     Both  of  the  experimeiiters  referred  to  insist  upon  tlio 
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character  of  these  cries  as  indieatitig  the  acttial  pereeption  of  painful  imprefiSkmiii  and  i 

very  ditferent  from  cries  that  are  purely  reflfX,  according  to  the  ordinary  acoeplAtion  i 
this  term.  Longet  alludes  to  the  voluntary  movements  and  tlio  cries  observed  In  petHon 
subjected  to  painful  surgical  operations,  when  incompletely  under  the  indueuce  ol  aa 
AnaesUietiCf  concerning  the  character  of  which  there  can  be  no  doubt.  He  re^ctirds  tbi 
movements  as  voluntary,  and  tlie  cries  as  evidence  of  the  acute  perception  of  pain;  hn 
it  is  well  known  that  such  patients  have  no  recollection  of  any  painful  iniprv^iuii 
altlumgh  they  have  apparently  experienced  great  suffering.  A^r  far  as  we  can  judg 
from  what  we  positively  know  of  the  functions  of  the  encej»halic  centres,  the  pain  imdefl 
these  eircumstimces  is  perceived  by  some  nerve-centre,  probably  the  tuber  annulare,  bti| 
the  impression  is  not  conveyed  to  the  cerebrum  and  is  not  recorded  by  the  memory, 

Takinj^'  all  the  experimental  facts  into  consideration,  the  folh>wing  seema  lo  be  tL#] 
most  reasonable  view  with  regard  to  the  function  of  the  tuber  annulare  as  a  nerve-centre;] 

It  is  an  organ  capable  of  originating  a  stimulus  giving  rise  to  voluntary  tnoTementji^,  J 
when  the  cerebrum,  corpora  striata,  and  the  optie  thalami,  have  been  removed,  and  itj 
probably  regulates  the  automatic  voluntary  movements  of  station  and  progres*kion.  Mmiyl 
voluntary  movements,  the  result  of  int^ellectual  etfort.,  are  nmde  in  obedience  to  a  stimo- 
lus  trunsmitted  from  the  cerebrum,  through  oondnctiiig  fibres  in  tho  tuber  ninmlar^j  lii  j 
the  motor  eondnolors  of  the  cord  and  the  general  motor  nerves. 

The  tuber  annul  are  is  also  capable  of  perceiving  painful  hnpressions,  whtclu  w^b«ii  all  I 
of  the  encephalic  ganglia  are  preserved^  are  also  conducted  to  and  are  perceived  by  ll»0 
cerebrum,  aud  are  remembered  ;  but  there  are  distinct  evidences  of  the  perceptjea  uf 
pain,  even  wlien  the  cerebrum  has  been  removed^ 


Medulla  Oblo7igata, 

The  chief  points  of  interest  in  the  physiological  anatomy  of  the  tuedidhi  obluatnits 
relate  to  the  direction  of  its  fibres,  their  connection  with  the  gray  matler  }  io 

its  substance,  and  the  course  of  the  fihinients  of  origin  of  certain  of  the  »  <-*. 

Conceniing  the  deep  origin  of  the  Irirgo  root  of  the  fifth,  the  motor  oculi  eiternui*,  tupjal, 
pneumogastric,  spinal  accessory,  and  the  sublinguaK  we  shall  have  nothing  to  say  in  ilii» 
connection,  as  we  have  already  treated  of  the  physiological  anabimy  of  these  nervei  witi 
sufficient  minutene&s ;  and  wo  have  now  to  study  the  functions  of  the  medulla  oblao|j»l«» 
and  particularly  its  action  as  a  nerve-centre* 

Phyihl^ieal  Anat^tmy  qf  the  Medulla  Ohhn^ata. — The  medulla  oblongata  is  tli» 
oblong  enlargement  which  connects  live  spinal  cord  with  the  various  encephalic  gunglii 
It  is  about  an  inch  and  a  quarter  in  length,  and  nearly  an  inch  broad  at  its  wide5t  j^«>^ 
tion.  It  rests  in  the  basilar  groove  of  the  occipital  b*»ne,  extending  from  the  atlas  totlie 
lower  border  of  the  tuber  annulare,  w  ith  its  broad  oxtromily  above.  Like  the  cerd,  IJ 
has  an  anterior  and  a  inisterior  median  fissure. 

Apparently  continuous  with  the  anterior  columns  of  the  tord,  are  the  two  iiut^ri'T 
pyramids,  on©  on  either  side.  Viewed  go  peril  cially,  the  innermost  fibres  of  tJiese  |'5T»- 
mids  are  seen  to  decussate  in  the  median  line ;  but,  if  these  fibres  i)e  traced  from  tli« 
cord,  it  is  found  that  they  come  from  the  white  substance  of  its  lateral  cohimn*«,  antl  i^* 
none  of  them  are  derived  from  the  anterior  columns.  The  fibres  of  the  ext-ernal  [lortioo 
of  the  anterior  pyramids  come  from  the  anterior  columns  of  the  cord.  At  the  site  of  th* 
decussation,  the  pyramids  are  composed  entirely  of  wliite  matter ;  but,  as  tlie  fi'*^^ 
spread  out  to  pass  to  the  enccphalon  above,  they  present  nodules  of  gray  matter  tctveffi 
the  fasciculi. 

External  to  the  anterior  pyramids,  are  the  corpora  olivaria.  These  are  oval  «n*l  •'^ 
surrounded  by  a  distinct  groove.  They  are  white  externally  and  contain  a  gray  nnclci*"' 
called  the  corpus  dentatnm.         • 
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External  to  the  corpora  olivariii^  are  tbo  restifbrm  bodies,  formed  exclufiiveljr  of 
white  matter  and  constituting  the  postcro-lnteral  portion  of  the  meduUfl*  They  are 
contifitious  with  the  posterior  cohmina  of  tho  tord.  Thc^  restiform  hodies  spread  not 
as  thi?y  ascend,  and  [lass  to  the  cerebelhim,  furming  a  grtiat  portion  of  tJie  inferior 
pednncles. 

Beneath  the  olivary  bodies  and  between  tho  anterior  pyramids  and  the  restiform 
bodies,  are  the  lateriil  tracts  of  t!ie  medalla,  called  by  the  Frenoli,  the  intermediary  fus- 
cicali.  These  are  composed  of  an  intimate  nnxture  of  white  and  ^niy  matter  and  havo 
a  yellowish-gray  color.  They  receive  aU  thfit  portion 
of  thtj  autero-lateral  columns  of  the  cord  which  does 
nol  enter  into  the  composition  of  the  anterior  pyra- 
mids^ They  are  frequently  considered  as  parts  of  the 
restiform  lx>dies,  but  they  are  peculiarly  interest  in  jl% 
from  the  fact  that  they  contain  the  gray  centre  pre- 
sidingr  over  respiration ;  and,  for  that  reason,  we  havo 
dci»cribed  them  as  distinct  fascicuJi. 

Tlie  posterior  pyramids  (fasciculi  p-raciles)  aro  the 

illest  of  all.  They  pass  upward  to  the  cerebrum, 
"Without  decas*iating,  and  are  composed  exi'liisively 
of  white  matter.  As  they  ]»ass  upward,  they  diverge^ 
leaving  a  space  at  the  fourth  ventricle. 

The  fourtli  ventricle  is  in  the  medulla,  and  is 
bounded  above,  by  the  valve  of  Vieus^ens  and  the 
nnder  f^url'ace  of  the  cerebellnm.  In  the  lower  part 
of  the  floor  of  the  fourth  ventricle,  are  several  trans- 
verse fai^ciculi  of  white  matter ;  but  the  greatest  part 
of  this  portion  b  composed  of  a  layer  of  gray  sub- 
stance. 

The  two  lateral  halves  of  the  posterior  portion  of 
the  medulla  are  connected  togetlier  by  fibres  arising 
fVom  the  gray  matter  of  the  lateral  tracts,  or  inter- 
mediary fasciculi,  passing  obliquely,  in  a  curved 
direction  from  behind  forward,  to  the  raphe  in  the 
median  line.  There  arc  also  fibres  passing  from  bo- 
fore  backward,  to  form  a  posterior  commissure,  and 
fibres  arising  from  the  cells  of  the  olivary  bodies, 
which  connect  the  gray  subi^tauce  of  the  lateral 
halves,  Comtnlssurul  tibrcs  also  connect  the  gray 
matter  of  the  lateral  tracts  with  the  corfmra  dentata 
of  the  olivary  bodies,  and  the  olivary  bodies  with  the 
cerebcdnm,  their  fibres  forming  part  of  the  inferior 
IMjdimclea  of  the  cerehellum.  In  addition,  it  is  prob- 
able tltat  fibres,  taking  their  origin  from  all  of  the 
gr  ^  of  the  medulla,  pass  to  the  parts  of  the 

es  situated  abnve* 

As  tar  as  the  fibres  of  origin  of  the  nerves  are 
concerned,  it  may  be  stated  in  gencr.il  terms  that  a 
nambcr  of  the  motor  roots  arise  from  the  gray  matter 

of  the  floor  of  the  fourth  ventricle,  the  roots  of  the  sensory  nerves  tirlslng  from  gray 
mattor  in  the  posterior  portions. 

Aside*  from  purely  anatomicnl  demonstrations,  the  connection  of  the  anterior  pyra* 
mids  of  the  medulla  with  the  corpora  striata  has  been  shown  by  pathological  observa- 
tt  ia  well  known  that,  when  the  connection  between  the  nerve-centres  and  the 
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fibres  is  destroyed,  these  fibres  after  a  time  become  degenerated.     In  old  lesioDs  of  tbt  j 
corpora  sitriata,  it  ba^  been  shown  that,  when  Uie  white  substance  is  injured  upon  one 
side,  there  follow  degeneration  and  atrophy  of  the  6hres  of  the  corresjjonding  cerebri 
peduncle  autl  anterior  pyramid  of  the  medulla,  and  of  the  lateral  portion  of  the  spinAjJ 
cord  upon  the  up[>OBite  side.    This  imrH>rtant  fact  jIlustrateB  the  connection  between  iLtti 
luteral  columns  of  the  cord  and  the  anterior  pyramids  of  the  luednllu  oblongata,  th^i  | 
dt'cuissation  uf  the  aiitenor  pyraiuids,  and  the  passa^  of  fibres  from  the  anterior  pym- 
raids  to  the  corpora  striata,  in  the  substance  of  the  cerebral  ptd uncles. 


Functions  of  the  Medulla   Obhrif/ata, 

It  is  hardly  nece^ary  to  discuss  the  functions  of  the  medulla  oblongata  ob  a  condnctof 
of  sensory  impres>iions  and  of  motor  stimuhis  to  and  from  the  brain.  We  know  that  there 
is  condtiction  of  this  kind  from  the  s^pinal  c<»rd  to  the  ganglia  of  the  encephalon,  and  lti» 
must  take  place  through  the  medulla;  a  fact  which  is  inevitable,  from  its  anatomical  rela- 
tions, and  which  is  demonstrated  by  its  section  in  living  imimals.  Xor  is  it  necessart  to 
dwell  upon  it?*  general  properties,  in  ivhieh  it  resembles  the  spinal  cord,  at  least  as  far  (t 
has  been  demonstrated  by  expeHmenti-i  upon  living  animals  or  upon  animals  just  killed^ 
Jt  is  ditiicult  to  expose  this  part  in  the  hijrbcr  clat^ses  of  animals,  but  experiments  *hov 
that  it  is  sensitive  on  its  posterior  surface  and  insensible  in  front.  Tlie  diflieuhy  of  ol>- 
serving  the  phenomena  which  follovr  its  irrilation  in  living  animals  has  rendered  it  im-  ' 
possible  to  determine  the  limits  of  its  eitcitnbility  and  sensibility  a*  exactly  as  has  bcdl 
done  for  the  ditferent  portions  of  the  cord.  i 

It  is  also  Boniewhat  difficult  to  determine  whether  the  action  of  the  medulla  itsdi;  in 
its  relations  to  motion  and  sensation,  be  crossed  or  direct.  As  regards  conduction  ftwm 
the  brain,  the  direction  is  sufficiently  well  shown  by  cases  of  cerebral  disease,  in  ^hkh 
tbt?  paralysis,  In  simple  lesions,  is  always  on  the  opposite  side  of  the  body. 

The  action  of  the  medulla  as  a  reflex  nerve-rentro  depends  u^ion  its  grray  murjif 
When  this  gray  substance  is  destroyed,  certain  of  the  important  reflex  functions  iw 
instantly  abolished.  From  its  connections  with  various  of  the  crani^d  nerves,  we  fhwU 
expect  it  to  play  an  important  part  in  the  movement*  of  tlic  face,  in  deglutition,  in  tho 
action  of  the  heart  and  of  various  glands,  etc»,  important  pointii  which  will  bo  fuUjr  coo* 
sidered  in  their  appropriate  place.  Its  most  striking  function,  however,  la  in  conncclitw 
with  respiration. 

Connection  of  the  Medulla  Ohhufjata  with  lU^jHratum,—^]!  1S01»,  Lcgalloij?  nui^^  •• 
number  of  experiments  upon  rabbits,  eats,  etc.,  in  which  he  showed  that  rcspintlinn 
depends  exclusively  upon  the  midulla  oblongata  and  not  upon  the  brain,  and  hv  hf\h0t 
located  the  part  whii  li  presides  over  this  fnnction  at  the  site  of  origin  of  the  pntnmiogtt*trie 
nerves.  Flourens,  in  his  elaborate  experiments  upon  the  nerve-centres,  extended  the 
observations  of  Legallois,  and  limited  the  resjnratory  centre  in  the  rabbit,  betweeo  tl>» 
upper  border  of  the  roots  of  the  pneumognstrics  and  a  plane  situated  about  a  quarter  i>^ 
an  inch  below  the  lowest  point  of  origin  of  these  nerves ;  these  limits,  of  course,  varyiaf 
with  the  size  of  the  animal.  Follow^injr  these  experiments,  Longet  has  shown  thiitti** 
respiratory  nervous  centre  does  not  occupy  the  whole  of  the  medulla  included  K'twrtin 
tlje  two  planes  indicated  by  Fiourens,  but  that  it  is  confined  to  the  gray  matter  of  tk 
lateral  tracts,  or  the  intermediary  ffts<*iculi.  This  was  demonstrated  by  the  fact  thil 
respiration  persists  in  animals  after  division  of  the  anterior  pyramids  and  the  rv«tif*ina 
Iwdies.  Subsequently,  Hourens  still  farther  restricted  tlje  limits  of  the  respirator;  centra 
and  fully  contirmed  the  observations  of  Longet. 

The  portion  of  the  medulla  oblongata  atjove  indicated  presides  over  Ui©  roovfineo^ 
of  respiration  and  is  the  true  respirat<>ry  nerve-centre.  Nearly  all  who  have  rep****** 
the  experiments  of  Flourens  hove  fotmd  that  tlje  spinal  cord  may  Ikj  dividtsi  belew  tJ)« 
medulla  oblongata,  and  that  all  of  tho  oncephalio  ganglia  above  may  be  remov<slf  r^ 
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iratorjr  movetaents  still  persisting*    It  ib  a  very  coinmon  thiog  in  vivisections  ta  kill  an 
Animal  b^  breaking  up  the  meduUn.     In  a  dog,  for  t?x ample,  w©  grasp  the  bead  firmly 
\%  itU  the  l^ft  band,  tlex  it  forcibly  upon  tbe  neck^  and  penetrate  «i'ith  a  stylet  a  little  behind 
the  occipital  protuberance,  entering  between  tbe  utlaj*  and  tbe  skQil.     By 
a  rapid  lateral  njofcion  of  tbe  mstrument,  tbe  medulla  is*  broken  up,  and 
tbe  nniraal  instantly  ceases  to  breathe.     There  aro  no  Btruggles^  no  niani- 
festations  of  the  distress  of  asphyxia;    Uie  re'sjuratory  muscles  8iin{)ly 
cease  their  action,  and  tlie  animal  loses  instantly  tbe  seja.so  of  want  of 
ttir.     A  fttrtking  contrast  to  this  is  presented  when  tbe  trachea  is  lied  or 
Wben  all  of  the  respiratory  muscles  are  paralyzed  without  touching  the 

edtilla. 
Jo  another  efjapter,  we  have  insisted  upon  the  mechanism  of  the  reflex 
phenomena  of  rc'spiration.  We  have  conclusively  nhown  by  expenraenU, 
that  an  impression  is  received  by  the  sens^ory  nyrves  of  the  general  sys- 
tem, which  is  due  to  want  of  oxygen  and  not  to  the  irritation  produced 
by  carbonic  acid;  and  that  this  impression  is  conveyed  to  tbe  medulla 
oblongata  and  gives  rise  to  the  reflex  movements  of  respiration.  If  this 
tmpre^ioD  be  abolished,  there  are  no  respiratory  movements ;  and  if  the 
medulla,  the  sole  centre  capable  of  receiving  this  inipression  and  of  gen- 
erating the  stimulus  sent  to  the  respiratory  mu?^cles,  be  destroy cd^  resj)!* 
ratiou  ioiitantly  ceases,  without  any  sensation  of  aaphyxia. 


Vital  Point  (*<>  callecr^^^S'mcc  it  has  been  definitvly  ascertained  that 
destruction  of  a  restricted  portion  of  the  gray  substance  of  tbe  medulla 
prodnces  instantaneous  and  penuanent  arrest  of  the  resjiiratory  move- 
menta,  Flourens  and  others  have  spoken  of  this  centre  as  the  vital  knot, 
d«?struction  of  which  is  immediately  followed  by  dcatli.  With  our 
present  knowledge  of  the  jtropcrties  and  functions  of  the  different  tissues 
and  organs  of  which  tbe  body  is  composed,  it  is  almost  unnecessary  to 
present  any  arguments  to  show  the  nDpliilosoplucal  clinracter  of  such  a 
sweeping  propusjition,  We  can  bardlj?  imagiue  such  a  thing  as  instan- 
taneous death  of  the  entire  organism ;  still  less  can  it  be  assumed  that 
any  restricted  portion  of  the  nervous  system  is  the  one  essential,  vital 
point.  Probably,  a  very  powerful  electric  discharge  passed  through  the 
<»iitirc  cer«jbro-Bpinal  axis  produces  the  nearest  approach  to  instantaneous 
death  of  any  thing  of  which  we  have  any  knowledge;  but,  even  here,  it  ¥ir.,  *m-^%ir*/ 
U  by  no  means  certain  that  some  parts  do  not  for  a  time  retain  their  so- 
called  Vital  properties.  In  apparent  death,  tbe  nerves  and  the  heart  may 
be  sliown  to  retain  their  characteristic  properties;  the  muscles  will  con- 
buct  under  stimulus,  and  will  appropriate  oxygen  and  give  off  carbonic  ncid,  or  respire; 
Ibo  gjands  may  be  made  to  secrete,  etc. ;  and  no  one  can  a^nme  that,  under  the&e  con- 
|tticm.s  the  entire  organism  is  dead.  We  really  know  of  no  such  thing  as  death,  except 
rtb©  various  tissues  and  organs  which  go  to  make  up  the  entire  body  become  so  altered 
to  lose  their  physiological  properties  beyond  the  possibility  of  restoration ;  and  ihi:^ 
never  occurs  for  all  parts  of  the  organism  in  an  instant.  A  person  drowned  may  be  to  all 
appearance'?  dead,  and  would  certainly  die  without  measures  for  restoration  ;  yet,  in 
sucli  instances,  restoration  may  be  accomidislied,  the  period  of  apparent  death  being 
timply  a  blank,  as  far  as  the  recollection  of  tbe  individual  is  concerned.  It  is  ns  utterly 
impossible  to  determine  the  exact  instant  when  tbe  vital  principle^  or  whatever  it  may 
be  called,  leaves  the  body  in  death,  as  to  indicate  the  time  when  the  organism  becomes 
a  living  being.  Death  is  notlnng  mort'  than  a  permanent  deytruction  of  so-called  vital 
physiological  properties ;  and  this  occurs  successively,  and  at  different  periods,  for  difler* 
eat  tissues  and  organs. 
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When  we  see  ttiat  frogs  will  live  Ibr  wet'ks,  and  sometimt'S  for  months,  after  destruc- 
tion of  tbc^  tneduUa  oblongatiit  and  that,  id  niamujalB,  by  keeping  up  artificial  respiratiirn, 
w©  can  prolung  many  uf  the  most  important  fmictious,  us  the  action  of"  the  livart,  fwr 
houra  aflor  dceapitution,  we  can  uudei^tund  tliu  pliyrtiological  absnrdity  of  the  propositinn 
that  there  iB  any  such  thing  as  a  vital  point,  in  tlic  ineduIJa  or  in  any  part  of  the  nen^ous 
Byst^jm. 

Ctmneetion  of  the  M^^^^  Ohlmigaia  with  Variou*  Rtfiex  AcU, — TUere  are  DuxneroikS 
reflex  phenomena  that  are  completely  under  tLe  control  uf  the  medulla  oblongata  a*  a 
nerve-centre*  Among  thei>e  nro  the  various  acts  connected  with  rctHpiration^  as  yawning 
cougbiut^,  cry  in*:,  sneezing,  etc.  It  also  presides  over  tiie  coordination  of  the  muscles 
concerned  iu  expressiun,  and  the  act  of  vomiting.  We  have  seen,  in  treating-  of  the 
pneumogar^tric  nerves,  that  tlieir  gal  van  ideation  arrests  the  action  of  the  heart  in  di&Btola. 
The  same  reHolt  folloxvg  gulvani/ation  of  the  medulla  ut  the  point  of  origin  i>f  thcBc  nerves. 
We  have  also  fully  di?;cusiaed  tlie  intlaenee  of  llie  niedulhi  npon  sagar-formation  iu  the 
liver,  as  illustrated  by  the  striking  experiment^*  of  Bernard,  in  which  he  produce*!  diabetes 
in  aniraali*  by  irritating  the  tloor  of  the  fourth  ventricle,  and  the  iaJluence  of  this  centre 
upon  the  quantity  and  the  compo(»it!ou  of  the  urine. 

There  ig  very  little  to  be  said  concerning  certain  ganglia  and  other  parts  of  the  !*raio 
that  wo  have  not  yet  cunsidered.  The  olfactory  bulb^,  or  ganglia,  preside  over  olfaction 
and  will  bo  treated  of  fully  in  connection  with  the  special  Bense».  The  ]»ineal  gland  and 
the  pituitarj*  bod)\  in  their  structure,  present  a  certain  resemblance  to  the  ductless  gUrndft, 
and  their  anatomy  has  been  considered  in  another  ehapten  Passing  over  the  purely 
theoretical  views  of  the  older  writers^  who  had  very  imlcfinitc  ideas  of  the  functions  of 
any  of  the  encu[dialie  ganglia,  we  have  only  to  suy  that  the  upcs  of  the  pineal  gland  and 
pituitary  IhhIv  in  the  economy  are  entirely  unknown.  The  same  remark  appliet  to  the 
cor[JUs  callosunj,  tlie  septum  hicidum,  tlie  ventricles,  hippocam))i,  and  various  other  miner 
part3  that  are  necessarily  de^cril)ed  in  anntomical  works.  It  is  useless  to  discuss  the 
early  or  even  the  recent  speculations  with  regard  to  the  functions  of  these  part*,  which 
are  entirely  nnsupported  by  experimentjil  or  pjithological  fact^  and  whi?h  have  not  ad- 
vance<l  onr  positive  knowledge.  Most  of  tlie  parts  jost  enumerated  have  no  pbysiologic-al 
history. 


I 


JtoUiag  and  Turning  MovcmcnU  foUowing  Ltjurt/  of  Certain  J^arls  of  the 

£n€€phalon» 

The  remarkable  movements  of  ndling  and  turning',  produced  by  section  or  injury  of 
certain  of  the  commii^snral  fibres  of  the  eocepbalon,  are  not  very  important  in  their  bearing 
npon  the  functions  of  the  brain,  and  they  are  rather  to  be  clussed  among  the  cnriositiee  of 
experimental  physiology.  These  movements  follow  unilateral  lesions  and  arc  dependent, 
to  a  certain  extent,  upon  a  consetjuent  inequality  in  the  power  of  the  rnuBcles  on  one  side, 
without  actual  paralysis.  V[ilpi;in  enumerates  the  following  parts,  iiyury  of  which,  upon 
one  side,  in  llvincj  animals,  may  determine  movements  of  rotation  : 

"1.  Cerebrjil  hemispheres; 

**S.  Corpora  striata; 

•'3.  Optic  thnlami  (Flourens,  Longet,  Schltf ); 

"  4.  Cerebral  peduncles  ( Longet) ; 

**  5.  Pons  Varolii ; 

**<!.  Tuhercnla  (|iiiidrigeminn  or  bigeminn  fFlonrens); 

**  7.  Peduncles  of  the  cerel>eIUHn,  especially  the  middle^  and  tbe  lateral  portiona  of  th« 
oerehellam  (Magendie) ; 

**  H,  Olivary  brxlies,  restiform  bodies  (Magendie) ; 

"  9.  External  part  of  the  anterior  pyramids  (^fagendie) ; 
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*'*  10.  Portion  of  the  medulla  from  which  the  facia!  nerve  arises  (Brown-S4quard); 

"11.  Optio  nervc'H; 

"  12«  Setiiicirculur  cjinttl^  (Flonrtn.s);  aiulitor^v  nerve  (Brown-Sequard)/* 

To  the  parte  ubove  euumerated,  Vulpian  adds  the  upper  part  of  the  cervical  portion 
of  the  spinal  cord. 

The  movement*  which  follow  nnilateral  injury  of  the  parts  roentione*!  above  are  of 
two  kinds;  viz.,  rolling  of  the  entire  btnly  on  its  h)u^ntudiniil  axii^  and  turning,  always  in 
one  direction,  in  a  snitill  rircle,  called  by  the  Frejiidi  the  njovement  vf  mnueffr..  A  capittil 
point  til  determine  in  thene  plienonieuu  i^,  whether  these  niovementis  be  doe  to  panilysiii 
or  enteeblernent  of  certain  miiscleji  upon  one  tiide  of  the  bodj^  to  a  direct  or  reflex  irrita- 
tion of  the  parta  i>f  the  nervous  system  involved,  or  to  both  of  tliese  causes  combined.  The 
experiments  of  Bro\vn-86qafird  and  others  conclusively  i^how  that  the  movementjs  may  be 
due  to  irritation  alone,  for  they  occur  when  parts  of  the  encephakm  and  the  upper  por- 
tions of  tlie  cord  are  mruplj  prieked,  without  section  of  tibres.  When  tberc  is  extensive 
division  oftibre^,  It  u  probable  that  the  eflfeets  of  the  enfeeblement  of  certain  muscles  are 
added  to  the  phenomena  produced  by  simide  irritation.  Tlie  most  satisfactory  explana- 
tion of  the^  movements  is  the  one  proposed  by  Ilruwn-Sequard,  who  attributes  them  to 
a  more  or  lessi  convulsive  action  of  nmsLJes  on  one  side  of  the  body,  produced  by  irrita* 
tion  of  the  nerve-centres.  He  regards  the  roUin«5  as  siBuply  an  exaggeration  of  the  tam- 
ing movements,  and  places  both  in  the  same  catejjrory. 

We  do  not  propose  to  enter  into  an  elaborate  discussion  of  the  above  experifnents,  for 
the  reason  that  they  do  not  seem  to  have  advanced  our  positive  knowledge  of  the  func- 
tions of  the  nerve-centres^  In  some  of  tljem,  the  movements  have  been  observed  toward 
the  side  operated  u|»on,  and  in  others^  toward  tlie  sound  side.  These  ditteretieed  probably 
depend  upon  the  fact  that,  in  certain  experiments,  the  fii^ros  are  invulved  before  tbeir 
decussation^  and  in  others,  after  they  have  crosHi'd  in  the  median  line.  In  some  instances, 
the  naovements  may  he  due  to  a  reflex  action,  from  stimulation  of  aiferent  fibres,  and  in 
others,  the  action  of  the  irritation  may  be  direct.  Judging  from  the  fact  that  most  of  the 
encephalic  commissural  fibres  are  apparently  insensitde  and  inexcitable  nnder  direct 
stimalation*  it  is  probablo  that  the  action  is  generally  refiex. 

In  conclndinpr  the  physjioloic:ical  bi*itory  of  the  encepbaloo,  we  have  only  to  refer  to 
the  general  properties  of  certain  of  the  peduncles,  Loufiet  ibund  that  direet  irntati*in  of 
the  snpcTior  and  the  inferior  peduncles  of  the  cereViellum,  in  rabbits,  produced  pain,  but 
the  disturbance  consequent  upon  exposure  of  the  parts  did  not  allow  of  any  accurate 
observations  upon  the  movements.  He  says  nothing  of  the  general  properties  of  the  mid- 
dle peduncles  or  of  the  peduncles  of  the  cerebrum. 


CHAPTER    XXII. 

SYMPATHETIC  KKRVOUS  SYSTEM-SLEEP, 

«llt  of  th^  lympftthetlc  syftcm— Peculiarities  la  tb«  Intimate  BtrQctnre  of  the  iTtnpAthellc  f^ancfo 
oenl  propertloi  of  the  iyi»[Hitbetir  gang-lb  oml  nerves— -l-^incitioni  «jf  tlie  »yniiiflthetle  s)'*l«in — 
r  Denre«— Belle*  |>b«iiom«i»  operaUng  Uittiiigh  the  a^mpathctle  system— Tn>phie  ofntn-*  euiii  iierr«« 
(■oai]led)-^Ieep— Wieners]  co&altUavtiooa — C'OadittoD  of  the  orgraiiUiin  rluring  slf^'p— IJrt'iwn*— iJtfiex  rrtrnul  ph«- 
bdmiog  sle«p — Ckuidldon  of  the  bntQ  ttii4  nonous  tytXAm  duHriir  iilwp— Theoneft  of  »U>i'i»~ADa'»Uieilfl 
■Bd  itpc]i  prwlacej   by  prcasurc  upon  the  carotid  arlcrif-* — DIITcrc'Uec*  between  aatural  ftlet'jj  axkd  stupor  or 
«»iii»— Itrflivnt^mUuu  of  th«  hmlu  Aubxtiince  during;  sleep— Theory  that  alecp  is  due  to  a  wnat  ut  oxygvn— Condi- 
tion of  Lbe  Tirioiu  fkinctlonft  of  the  orgnnlftm  duiinif  tleep, 

WniLE  there  are  cert^iin  points  in  the  phyBioh>try  of  the  sympathetic  nervoiiB  system 
that  are  perfectly  well  established,  it  must  be  admitted  that  its  lunctiona  are,  in  many 
re^fpi^ct^  obscure,  and  that  our  positive  knowledge  of  it§  general  properties  and  its  rela- 
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"WTien  we  see  that  frogs  will  live  for  weeks,  and  sometimes  for  months,  after  destruc- 
tion of  the  medulla  oblongata,  and  that,  in  mammals,  by  keeping  up  artificial  respiration, 
we  can  prolong  many  of  the  most  important  functions,  as  tlie  action  of  the  heart,  for 
hours  after  decapitation,  we  can  understand  the  physiological  absurdity  of  the  proposition 
that  there  is  any  such  thing  as  a  vital  point,  in  the  medulla  or  in  any  part  of  the  nervous 
system. 

Connection  of  the  Afedulla  Ohlongata  tcith  Various  Reflex  Acts, — Tliere  arc  nnmerocs 
reflex  phenomena  that  are  completely  under  the  control  of  the  medulla  oblongata  as  a 
nerve-centre.  Among  these  are  the  various  acts  connected  with  respiration,  as  yawning, 
coughing,  crying,  sneezing,  etc.  It  also  presides  over  the  coordination  of  the  muscles 
concerned  in  expression,  and  the  act  of  vomiting.  We  have  seen,  in  treating  of  the 
pneumogastric  nerves,  that  their  galvanization  arrests  the  action  of  the  heart  in  diastole. 
The  same  result  follows  galvanization  of  tlie  medulla  at  the  point  of  origin  of  these  nerves. 
We  have  also  fully  discussed  the  influence  of  the  medulla  upon  sugar-formation  in  the 
hver,  as  illustrated  by  the  striking  experiments  of  Bernard,  in  which  he  produced  diabetes 
in  animals  by  irritating  the  floor  of  the  fourth  ventricle,  and  the  influence  of  this  centre 
upon  the  quantity  and  the  composition  of  the  urine. 

There  is  very  little  to  be  said  concerning  certain  ganglia  and  other  parts  of  the  brain 
that  we  have  not  yet  considered.  The  olfactory  bulbs,  or  ganglia,  preside  over  olfaction 
and  will  be  treated  of  fully  in  connection  with  the  special  senses.  The  pineal  gland  and 
the  pituitary  body,  in  their  structure,  present  a  certain  resemblance  to  the  ductless  glands, 
and  their  anatomy  has  been  considered  in  another  chapter.  Passing  over  the  purelj 
theoretical  views  of  the  older  writers,  who  had  very  indefinite  ideas  of  the  functions  of 
any  of  the  encephalic  ganglia,  we  have  only  to  say  that  the  uses  of  the  pineal  gland  and 
pituitary  body  in  the  economy  are  entirely  unknown.  The  same  remark  applies  to  the 
corpns  callosuin,  the  septum  luoidiini,  the  ventricles,  hippocampi,  and  various  other  miner 
parts  that  are  necessarily  described  in  anatomical  works.  It  is  useless  to  discuss  tie 
early  or  even  the  recent  speculations  with  regard  to  the  functions  of  these  parts,  which 
are  entirely  unsupj)orted  by  experimental  or  i)athological  facts  and  whi?h  have  not  ad- 
vanced our  positive  knowled^^j.  Most  of  the  parts  just  enunurated  have  no  physiological 
history. 

liolUng  and  Tur)iing  Jlovcmcnts  folloicing  Injury  of  Certain  Farts  (f  the 

EncejyJudon, 

The  remarkable  movements  of  rollinji  and  turnin«r,  produced  by  section  or  injury  of 
certain  of  the  commissural  fibres  of  the  encoplialon,  are  not  very  important  in  their  boariDp 
upon  the  functions  of  the  brain,  and  they  are  rather  to  be  classed  among  the  curiosities ot 
experimental  physiology.  These  movements  follow  unilateral  lesions  and  are  dependent, 
to  a  certain  extent,  upon  a  conseciuent  inequality  in  the  power  of  the  muscles  on  one  side, 
without  actual  paralysis.  Vulpian  enumerates  the  following  parts,  injury  of  which,  upou 
one  side,  in  livini^  animals,  may  determine  movements  of  rotation  : 

"1.  Cerebral  hemispheres; 

"  2.  Corpora  striata ; 

"3.  Optic  thalami  (Flourens,  Longet,  Schiff); 

"4.  Cerebral  peduncles  (Longet); 

"o.  Pons  Varolii; 

*'  0.  Tubercula  (]uadrigemina  or  bigemina  (Flourens)  ; 

*'  7.  Peduncles  of  the  cerebellum,  especially  the  middle,  and  the  lateral  portions  of  the 
cerebellum  (Magendie) ; 

"  8.  Olivary  bodies,  restiform  bodies  (Magendie) ; 

"  9.  External  part  of  the  anterior  i)yramids  (Magendie) ; 
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*'  10,  Portion  of  the  mednlla  from  wbich  tho  facial  norvo  arises  (Brown-B^qwanl) ; 

**n.  Optic  nerves; 

**12.  Semicircular  canals  (Flourens) ;  auflitory  nerve  (Brovm-is^quard).'* 

To  th«»  partJi  above  enamt^rated,  Vnlpiau  adds  the  apper  part  of  tlie  cervical  portion 
of  tUe  spinal  c^^rd. 

The  movenientd  wbicti  follow  imilatcral  injury  of  tlie  parts  mentioned  above  arw  of 
ts^o  kinds;  viz.,  rolling'  of  tbo  entiru  body  on  \u  louptudinal  axh^  and  tuniin<.%  always  in 
one  direction,  in  a  small  circle,  called  by  tho  Freru^h  tb©  movement  oft  manege.  A  <5apital 
point  to  dotermine  in  tbese  pbonoiiiena  is,  whether  these  iiiovenaents  be  due  to  pundvtiiti 
or  enfeeblenient  of  certain  luui-K'ie,'*  upon  urjo  s^ide  of  the  bixly,  to  a  direct  or  retiex  irrita- 
tion of  the  parts  of  the  aervoua  system  involved,  or  Uy  both  of  these  causes  combined.  The 
experiments  of  Bpown-S^*iuard  anc!  others  conclusively  tibowr  that  the  movementi*  may  be 
due  to  irritation  alone,  for  they  occur  when  parts  of  the  enccpbalon  and  the  upper  por- 
tions of  tbe  cord  are  simply  pricked,  without  Hectltm  of  libres.  When  there  is  extensive 
division  of  libres,  it  is  probable  tbat  the  t-tleets  of  the  enfeeblement  of  certain  mu»t'lea  are 
added  to  the  phenomena  produced  by  simple  irritation.  The  mos^t  satijifactory  explana- 
tion of  these  movements  \a  Hie  one  proposed  by  Brown-Setjuard,  Avho  attributes  tbem  to 
a  more  or  less  convulsive  acti^m  of  mu^^clea  ou  one  aide  of  the  body»  produced  by  irrita- 
tion of  tbe  nerve*centres.  He  roj^anls  the  rolling  as  simply  an  exaggeration  of  tlie  turn- 
ing movements^  and  placea  both  In  tbe  same  category. 

We  du  not  propose  to  enter  into  an  elabonite  discussion  of  the  above  experiments,  for 
llie  reason  that  they  do  not  sufeiu  to  have  advanced  our  iiositive  knuwledj^e  of  tlie  func- 
tions of  tbe  nerve-centrea.  In  some  of  tbcrn^  tbe  movement.^  have  been  observed  toward 
the  <iide  operated  upon,  ami  in  others,  toward  tbe  sound  side.  These  ditferences  probably 
depend  upon  the  fact  tlmt,  in  certain  e:tperiments,  the  fil>rea  are  iuvuived  before  their 
decumsation,  and  in  otbers,  after  they  have  crossed  in  the  raeilitm  linu.  In  some  in^ftances, 
the  movements  may  ho  due  to  a  reliex  action,  from  stimulation  of  afferent  fiijres,  and  in 
others,  the  action  of  the  irritation  may  be  direct.  Judging  from  the  fact  tliat  most  of  the 
encephalic  coraraiaaurtil  fibres  are  apparently  insensible  and  inexcitablo  under  direct 
giimuhition,  it  is  probable  tbat  the  action  ia  generally  reflex. 

In  concJudiuj;  tbe  physiolopoal  history  of  tbe  enccpbalon,  we  have  only  Uv  refer  to 
the  general  pn>perties  of  certain  of  the  peduncles,  I^n^et  fmmd  that  direet  irritation  of 
the  superior  and  the  inft^rior  peduncles  of  the  cerebellum^  in  rabbits,  priKliiced  pain,  but 
the  disturbance  consequent  upon  exposure  of  tho  parts  did  not  allow  of  uuy  aerurate 
observntions  upon  tbe  movements.  lie  says  nothing  of  tbe  general  properties  of  tbe  mid- 
dle iKiliHii'K'i  ur  nf  tlu^  ]ie«lunde8  of  the  cerebrum. 


CHAPTER    XXIL 

SYMPATHETIC  XERVOUS  STSTSM—SlffEP, 


•^rW^^:*iir 


l4P(tt*  fymfJAth^'tlc  tvntein  — Po*niilaritliH(  f a  tho  Inttmalt^  etlrnrtnre  of  U)«  ftyiitfiatlK'tic  fr^utjrtb 
tjCOliortk**  of  Ibe  *ytnjnitheOe  i^ait^lin  and  nenes — FnncUon*  of  t\u*  syuiiKitlirlic  *;j'fttct»— 
-"Beflev  pb<*noineiui  opcruUn^  tlirouirti  the  *ympatbelic  syslcin— Tri)phk  ii'iitrt*  untl  iif.rvi's 
(ioeftUF<i]i — ^Iwp— Ifi'ttenil  oon«fclcratloa'* — <Jt>DitJtion  of  the  onfnni#cn  during  ah^ep— tlit'nmiH-Ki'ri^'x  iiifUiiU  j»h«»- 
ootoenA  dnrtftf^  sleop—Conditioo  of  Ihd  bratn  aud  ncnou*  *>  sti'in  ditiijw  *U>''j)— Tbconcft  of  fkcp^Aonnthuiibi 
•ad  ikrp  produced  by  prpaauro  upoo  tbo  carotid  wt*.'rl«'a— UKTcrem?!?*  brtwocn  Datuml  sk^ep  uid  ttupwr  or 
emBMK-lUitrenpnitloQ  of  the  bmin^substiuicv  durtnj;  &l<>>op— Tlu'ory  tb»t  sliK^p  b  due  to  a  want  of  oxygi^^Q— Cuudl* 
Ikoii  of  Ute  tarioof  flanetjooi  of  th«»  <»nptni»ui  during  sleep, 


Whilb  there  are  certain  points  in  t!ie  physiologry  of  the  sympathetic  nervous  system 
*^litttre  perfectly  well  established,  it  must  be  admitted  that  its  functions  are.  in  many 
'*«pecte,  obscure,  and  tbat  our  positive  knowledge  of  iU  general  properties  and  its  rela- 
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tians  to  tho  functions  of  nutrition,  secretion,  movements,  etc.,  eroomits  to  coniparalire^ 
little.     The  very  n«me,  svm|i«tlietic,  h  some  indieatiun  of  out  indefimtc  ideas  with  i 
to  it^  functious;  but  we  Lave  sdopted  tiiia  niiiDe,  fur  the  re&sun  that  il  la  the  one  mu 
^nerolly  in  use^  although  it  lias  no  verj  exact  rektion  to  t!ie  peculiar  functions  of  i 
fivsteiu.     It  18  ^otnctitiit;!^  called  the  ganglionic  nervous  sjdtem;  but  this  name  is  ma|i{j 
priate,  as  it  im[)lies  that  it  alone  posses^s  ganglia.     The  name  of  the  system  of  organif 
or  vegetative  life  i^  more  iu  accordtmce  with  itis  general  functions ;  but  tli  1- 
monljr  used  as  thut  of  s^yinpathetic  system.     The  older  anatomist:}  and  phv 
the  great  cord  of  this  system  tlie  nervus  iutercost^tlis. 

As  far  a^  we  know,  there  Is  no  account  of  the  ^^ympathetio  system,  even  m  the  n>o 
recent  works  upon  phy.-^iology  or  in  s[>cciul  treatises,  a  careful  study  of  which  doc^notcaa 
vey  the  idea  tliat  there  is  little  else  in  the  literature  of  the  subject  than  contToversf^l 
questions  of  priority,  etc.,  in  minor  details,  and  a  fisw  observations,  some  of  them  quiul 
unsatisfactory,  with  regard  to  the  eflects  of  the  division  or  galvanisation  **(  synipathetiftl 
filaments  upon  the  functions  of  circulation,  secretion,  and  animal  heat.     It  is  unfurtuu«t» 
that  well -ascertained  facts,  which  might  be  stated  in  a  very  few  pages,  should  bewl 
largely  overshadowed  by  a  mass  of  purely  historical  details  of  no  great  inlerestv     Slill,  w*  J 
must  take  the  physiological  data  as  we  lind  them  and  endeavor  not  to  limit  the  knowl«l^«  j 
to  be  looked  for  in  the  future,  by  adoptiog  theuries  upon  insutticient  positive  evidence. 

There  are  certain  important  anatomico-physiological  questions,  more  or  lefs  definlttJjr 
determined,  that  have  a  direct  bearing  upon  the  functions  of  the  sympathetic  strtfiii. 
These  are  the  following:  Is  the  sympathetic  anatomically  and  physiohtgi rally  dependeat 
npon  its  connections  with  the  cerebro-spinal  nerves?  What  are  the  genvrnl  projHfrlid  i 
of  the  symjjathetic  nerves  as  regards  motion  and  sensation  ?  Do  the  synijintheltc  ganglti  ' 
act  as  independent  reflex  nerve-centres?  To  what  extent  and  in  wlmt  way  do  tlioivia* 
pathetic  ganglia  and  nerves  influence  the  functions  of  the  various  organs  and  th*a«  to 
whii'h  their  filaments  are  distributed?  A  solution  of  these  questions  involve*  a  oMtfol 
and  critical  study  of  tho  results  of  experiments  upon  living  animals  and  of  patbolotrictl 
facts;  and  it  is  evident  that  very  little  information  is  to  Iw^  derived  from  ohserratioo* 
made  anterior  to  tho  discovery  of  the  properties  and  functions  of  the  most  iu)fH>ri«flt 
parts  of  the  corebro-spinal  system*  We  shall  begin  the  study  of  these  points  w  ttli  in 
aiM'ninit  of  the  general  arrangement  and  the  peculiarities  of  structure  of  the  synjpdtlictu) 
ganglia  and  nerves. 


General  Arrangement  of  the  Sympathetic  S^/stcm^ 

Like  the  cerebro-spinal  system,  the  sympathetic  is  oomposed  of  centres  and  nvftei, 
at  least  as  far  as  we  can  judge  from  its  anatomy.  The  centres  contain  nerve-cellf*  id«*1 
of  which  diiler  but  little  from  the  cells  of  the  encejihulon  and  spinal  cord.  The  DCTVf« 
arc  composed  of  libres,  the  greater  part  of  whicli  are  nearly  identical  in  structure  with  tl»» 
ordinary  motor  and  sensory  fibres*  The  tihres  are  connected  with  tho  nerve-celU  in  ll^^^ 
ganglia,  and  the  ganglia  are  connected  with  each  other  by  commissural  fibres,  Tli«*» 
ganglia  constitute  a  continuous  double  chain,  on  either  side  of  the  body,  beginning  BboW» 
by  the  ophthalmic  ganglia,  and  terminating  below,  in  the  ganglion  impar.  It  is  inipoftw* 
to  note,  however,  that  tlie  chain  of  sympathetic  ganglia  is  not  independent,  but  lh»t«wl» 
ganglion  receives  motor  and  sensory  filaments  from  the  cerebro-spinal  n*  rv*'*,  nnd  th^ 
some  iilaments  pass  from  t!<c  sym}mthetic  to  the  cerehro-spinal  system.     T  1  '''•* 

tribution  of  the  sympathetic  filaments  is  to  mucous  membranes — and  po>-  -''** 

ment — to  non-striated  muscular  fibres,  and  particularly  to  the  muscular  eoat  of  the 
arteries.  As  far  as  we  have  been  able  to  learn  from  anatomical  in ve*tiga titans,  tljen^  *'* 
no  fibres  derived  exclusively  from  the  sympathetic  which  are  distributee!  to  fltri****' 
nniscle«,  except  those  which  piws  to  the  muscular  tissue  of  tlie  heart.  Near  tlie  tertnipw 
filaments  of  the  sympathetic,  in  mofNt  of  tho  parts  to  which  these  fibres  arc  distribotwj 
there  exist  namerous  ganglionic  cells. 
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The  general  nrraogement  of  the  e^^m pathetic  ganglia  and  the  diBtribiition  of  tlie  nerves 
may  bo  stated,  sufficiently  for  our  purpt^se:*,  very  briefly;  slijl,  a  knowledge  of  certain 
muLtoiiucal  points  i^  ludis^peUiuUk  m  an  Iniruductian  to  an  intelligent  study  of  tbe  plty&i* 
ology  of  tbia  sysiem. 

In  tbe  cranium,  are  four  ganglia ;  the  ophthalmic,  the  spheno-palatine,  the  otie^  and 
the  enbmaxilhiry.  In  the  neck,  are  the  three  cerviral  ganglia  j  the  superior,  middlo*  and 
inferior.  In  the  ehest,  are  the  twelve  thoracic  gan;_Hia»  corresponding  to  the  twelve  ribs. 
The  great  aerniluuar  gungli.i,  the  largest  of  idl,  soiuetiuies  called  the  abdomin*d  brain,  are 
in  iUr}  Hbdomen,  by  the  bide  of  the  ca»liae  axii?.  In  the  lumbar  region,  in  front  of  the 
spinal  colunrri,  arc  the  foor,  and  ftornetimost  five,  lumbar  ganglia.  In  front  of  the  sacrum, 
are  the  four  or  tive  Siicnil,  or  pelvic  ganglia  ;  and  in  front  of  tlie  coccyx,  is  a  stnull,  single 
ganglion,  the  last  of  tlio  chain,  called  the  ganglion  impar.  Thus,  the  sympathetic  cord, 
ae  it  IS  sometimes  called,  consists  of  from  twenty -eight  to  thirty  ganglia  on  either  side, 
tenninatipg  below  in  a  single  ganglion. 

Cranial  Gantjliu, — The  ophthalmic,  lenticular,  or  ciliary  ganglion  is  situated  deeply 
in  the  orbits  is  of  a  reddish  eolor,  and  about  the  size  of  a  pin's-head.  It  receives  a  motor 
branch  from  the  third  pair,  and  sensory  tilaments  from  the  nasal  branch  of  the  ofdithal- 
mic  dirision  of  the  fitth.  It  is  also  connected  with  the  cavernous  plexus  and  with 
Ht*ckers  ganglion.  Its  so-calJed  motor  and  sensory  vmiH  from  the  third  and  the  fifth 
pair  have  already  been  described  in  connection  with  these  nerves.  Its  filaments  of  dis- 
tribution ore  the  ten  or  twelve  short  ciliary  nerves,  which  pass  to  the  ciliary  muscle  and 
the  irisy  A  very  delicate  filament  from  this  ganglion  paj^scs  to  the  eye  with  the  central 
artery  of  the  retina,  in  the  canal  In  the  centre  of  the  optic  nerve. 

The  functions  of  the  ophthahuic  ganglion  are  connected  exclusively  with  the  action 
of  the  ciliary  muscle  and  iris;  and  wo  shall  here  merely  indicate  its  anatomical  relations, 
leaving  its  physiology  to  be  taken  up  under  the  head  of  vision. 

The  splieno-palatine  ganglion  was  tirst  described  by  Meckel  and  is  known  as  Meckers 
ganglion.  This  is  the  largest  of  the  cranial  ganglia.  It  is  of  a  triangular  shape,  reddish 
111  color,  and  is  situated  in  the  spbeno-maxillary  fossa,  near  the  spheno-palatine  foramen. 
It  receives  a  motor  root  from  tlie  facial,  by  the  Vidian  nerve.  Its  sensory  roots  are  the 
two  9|ihe no- palatine  branches  from  the  superior  maxillary  division  of  the  iifth.  Its 
branches  of  distribution  are  quite  numerous.  Two  or  three  delicate  filaments  enter  the 
orbit  and  go  to  its  periosteum.  Its  other  branches,  which  it  is  unnecessary  to  doscribo 
folly  in  detail,  are  distributed  to  the  gums,  the  membmne  covering  the  hard  palate,  the 
lofl  palate,  the  uvula,  the  roof  of  tho  moutli,  the  tonsils,  the  mucous  membrane  of  the 
nose,  the  middle  auditory  nicatus,  a  portion  of  tho  pharyngeal  mucous  membrane,  and 
ibe  levator  palati  and  azygos  uvula)  muscles.  It  is  pntbable  thut  the  filaments  sent  to 
tliese  two  striated  muscles  are  derived  from  the  facial  nerve  and  do  not  properly  belong 
to  the  sympathetic  system.  The  ganglion  also  sends  a  short  branch,  of  u  reddish-gray 
color,  lo  the  carotid  plexus. 

The  otic  ganglion,  sometimes  called  Arnold's  ganglion,  is  a  small,  oval,  reddish-gray 
ituated  joHt  below  the  foramen  ovale.  It  receives  a  motor  fiJomeut  from  the 
P»nd  sensory  filaments  from  branches  of  the  fifth  and  the  glosso-pharyngeal.  Its 
filameitta  of  diriitribntion  go  to  the  mucouB  membrane  of  the  tympanic  cavity  and  Eusta- 
chian tube  and  to  the  tensor  tympani  and  tensor  palati  muscles.  Reasoning  from  the 
general  mode  of  distribution  of  ttie  sympatbotic  filaTnentn,  those  going  to  the  striated 
tnu*eles  are  derived  from  the  f  iciaL     It  also  sends  branches  to  the  carotid  plexus, 

Tlic  enhmaxillary  ganglion,  situated  on  the  submaxillary  gland,  is  sraal!,  rounded, 
Wid  of  a  reddish-gray  coior.  It  receives  motor  lilament^i  from  the  chorda  tympani  and 
•tfttsory  filaments  from  the  lingual  branch  of  the  fifth.  Us  filaments  of  distribution  go  to 
HTuirton*s  duct,  to  the  mucous  membrane  of  the  mouth,  and  to  the  aubmaxillary  gland. 

Ctrvieal  Ganglia. — The  three  cervical  ganglia  are  eltuatotl  oppoate  the  third,  fifth, 
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and  the  Beventh  cervical  vortebrm  respectively.  The  middle  ganglion  is  Boinetimes  want* 
ing,  and  the  inferior  is  occasionally  fiisod  with  tho  first  thoracic  gun^'lion.  These  ganglia 
are  connected  together  by  the  ao-called  Byinpathetic  cord.  They  have  numerous  tila- 
menU  of  communication  above,  with  the  cranial  and  the  cerrica]  nerves  of  the  cerehro- 
epinal  system.  Brancbe*j  from  tlie  supiiHor  jtianglion  go  to  the  iuternal  carotid,  to  form 
the  carotid  and  the  cavernous  plexus,  following  tl)«  vessels  as  they  branch  to  their  dis- 
trilmtton.  Branches  from  this  ganglion  pass  to  the  cranial  ganglia.  There  are  also 
branches  which  unite  with  filaments  from  the  pnenmogaiiitric  and  the  glosso-pharyngeal 
to  form  the  pharyngeal  plexus,  and  branches  which  form  a  plexus  on  the  external  carotid, 
the  vertebral*  and  the  thyroid  artery,  following  the  ramifications  of  these  vessels. 
I  From  the  cervical  portion  of  the  sympathetic,  the  three  cardiac  nerves  arise  and  pai^s 
to  the  heart,  entering  into  the  formation  of  the  cardiac  plexus.  The  superior  cardiac 
nerve  arises  from  tho  superior  ganglion  ;  tho  middle  nerve^  the  largest  of  the  three, 
;ii rises  from  the  middle  ganglion,  or  from  the  sympathetic  cord,  when  this  ganglion  is  want- 
ing; and  tho  Inferior  nerve  arises  from  the  inferior  cervical  ganglion  or  the  first  thoracic. 
These  nerves  present  numerous  comnmnications  with  various  of  the  adjacent  cerebro- 
•Bpin.ol  nerves,  penetrate  the  thorax,  and  form  the  deep  and  the  superficial  cardiac  plexus 
and  the  posterior  and  the  anterior  coronary  plexus.  In  these  various  plexuses,  are  fo\md 
^nnmerous  ganglioform  enlargements ;  and,  uf»on  the  surface  and  in  the  substance  of  the 
Jicart,  are  numeroua  collections  of  nerve-cells  connected  with  the  fibres. 

fe0raeie  Gaji^Iia, — The  thoracic  ganglia  are  sitnatcd  in  the  chest,  benentb  the  pleura, 
st  on  the  heads  of  the  ribs.  They  are  usually  twelve  in  number,  but  occasionally 
•two  are  fused  into  one.  They  are  connected  together  by  the  sympnthetic  cord.  They 
leach  commtinicute  by  two  tilaments  with  the  cerebro-spinal  nerves.  One  of  these  is 
'white,  hke  the  spinal  nerves,  and  probably  passes  to  tho  sympathetic,  and  the  other,  of 
[ii  grayish  color,  is  thought  to  contain  the  true  sympathetic  filaments.  From  the  upper 
teix  ganglia,  filaments  pass  to  the  aorta  and  its  branches.  Tlie  branches  which  form  tl>e 
[posterior  pulmonary  plexus  arise  from  the  third  and  fourth  ganglia.  The  great  splnnchuic 
(nerve  arises  mainly  from  the  seventh,  eighth,  and  ninth  ganglia,  receiving  a  few  filament* 
|from  the  upper  six  ganglia.  This  is  a  large,  wliite,  rounded  cord,  which  penetrates  the 
'diaphragm  and  passes  to  the  semilunar  ganglion,  sending  a  f'HV!'  filaments  to  the  renal 
iplexus  and  the  suj)rarenal  capsules.  The  lesser  s[)lanchnic  nerve  arises  fron>  the  tenth 
'and  eleventh  ganglia,  passes  Into  the  abdomen,  and  joins  the  ca?liac  plexus.  The  renal 
iBpIanchnifl  nerve  arises  from  the  last  thoracic  ganglion  and  passes  to  the  renal  plexus. 
iThe  three  splanchnic  nervea  present  numerous  anastomoses  with  each  other. 

^^^ffan(fH(M  in  the  Ahdominal  and  ths  Pehic  Camtp, — Tlie  scmilanar  ganglia  on  the  two 

Bp^fHid  off  radiating  branches  to  fonn  the  Bolar  plexus.     They  are  situated  by  the  side 

pf  l&r  CCeriAC  axis  and  near  the  suprarenal  capsules.     These  are  the  largest  of  the  sym- 

ipnthetic  ganglia.     From  these  arise  numerous  plexuses  distributed  to  various  parts  in 

the  abdomen,  as  follows:  The  phrenic  plexus  follows  the  phrenic  artery  and  its  branches* 

to  the  diaphragm.     The  cueltac  plexus  subdivides  into  the  gastric,  hepatic,  and  splenic 

plexQses,  which  are  distributed  to  organs  as  their  mimes  indicate.    From  the  solar  plexus, 

(liferent  plexuses  are  given  otf,  whicli  pass  to  the  kidneys,  the  su[>rarenal  capsules^  the 

testes  ill  the  male,  and  the  ovaries  in  the  female,  the  intestines  (by  the  supenor  and  the 

mferior  mesenteric  plexu^esi,  the  upper  part  of  the  rectum,  the  al>dominal  aorta,  and  the 

Vina  cava-     The  filaments  follow  the  flistnbution  of  the  blood-vesselH  in  the  solid  viscera. 

Tho  lumbar  ganglia,  four  in  number,  are  situated   in   the  lumbar  region,  upon  the 

Wied  of  the  vertehma.     They  are  connected  with  the  ganglia  above  and  below  and  with 

[t^ttch  other  by  the  sympathetic  cord,  receiving,  like  the  other  ganglia,  filaments  from  tho 

Pinal  nerves.    Tiieir  branches  of  distribution  form  the  aortic  Inmbar  plexus  and  Uio 

'XpGffflAtric  plexQS  and  follow  the  coarse  of  the  blood-vessels. 


Fio.  S81  (B).— JUmidor  and  waeral  fwtiamt  of  th*  t^trnpnthgtic    <&t,pIM^y.'» 

'  I ;  3,  Inwcr  end  of  tb«  ivdopjia^ns;  9l  I*  ^    : 

•  n;  fi,  rectum;  T,  bladdor;  SLprtMtftlr; 


-V,  s^^  n^nxu,  ulfrcoiB,  an«l  iwiMnu  aors*l  uvr\K.s ;  ;51,  3'i,  ^^,  **»,  <^,  "<t's  ;>;,  S^,  «y,  lafutat  i 

l^eneriiny  two  brandies  of  ooratnnnication  for  each  gangliou.  The  fikmenU  of  ili«tril)«» 
lion  go  to  all  of  Uio  p<>lvic  viscera  and  the  blood-vessels.  The  inferior  hjpogastiie,  or 
pelvic  plexus  19  a  cantintiatioTi  of  tho  hypogastric  plexus  above,  and  receives  •  few  fili* 
raents  from  tbo  ^^ttiI  ganglia.     The  ino*t  interesting  branehea  from  this  plejnis  aro  tie 
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Qterino  n^rreA,  which  go  to  the  uterus  and  the  Fallo[iian  tubes.  In  the  siib:*tincc  of  t\iQ 
tttenis,  the  nerved  are  connected  witli  Bmall  collections  of  gutigUonic  celU*  Tb©  sTTwim* 
theilo  filaments  ure  undoubtedly  prolonged  into  the  upper  titid  lower  extremities,  follow- 
ing  the  course  of  tbe  blood- vessels  and  distributed  to  their  muscular  coat* 

Aei>»>rding  to  the  latest  researches^  the  filaments  of  the  i?ymt)athetic,  at  or  near  their 
termination,  are  connected  with  (Jtanglionic  cells,  not  only  in  the  heart  and  the  uterns, 
but  in  the  blood- vessels,  lyniphatics^  coccygeal  glaud^  the  subnmcous  and  the  rnuseular 
layer  of  the  entire  alimentary  canu)^  the  wilivary  g^liind?*^  pancreas^  excretory  ducts  of 
the  liv<?r  and  pancreas,  the  larynx,  trachea,  pulmonary  tissue,  bhidder,  ureters,  the  ontiro 
gonenitlvo  apparatus,  suprarenal  capsules,  thymus,  lachrymal  canals,  ciliary  muscle,  and 
the  iria.     In  these  situationa*  nerve-cells  have  been  demonstrat^jd  by  varioua  observers, 

El  it  14  probable  that  thoy  ejtist  overywhero  in  connection  with  the  terminal  fihuncnts 
this  system  of  nerves, 
PtctdmritiM  in  tha  Intimate  Structure  of  the  Sympathetie  Ganglia  and  Nertin, — The 
juliarittes  in  the  structure  of  the  cells  and  tibres  of  the  Bymputhetic  (System  are  not 
_  Enerou3,  nor  dt»  they  possess  very  great  physiological  importauee.  The  free  communi- 
ootloos  between  tlie  gympathetie  gau^lia  and  the  cerebro-^pinul  nerves,  and  the  dilfer- 
encea  In  the  general  ap])ea]'ance  of  certain  of  these  anastomosing  branches  lead  to  tho 
important  que^ion  of  their  origin.  As  a  rule,  the  sympathetic  nerves  are  Bofter  and 
more  grayish  in  color  than  the  spinnl  nerves.  When  there  are  two  brandies  of  commu- 
nication between  a  ganglion  <ind  a  spinal  nerve,  one  of  them  U  white  and  the  otlier  is 
gmyiah,  and  we  might  infer  from  this  that  one,  the  white,  in  derived  from  the  spinal 
STstera,  and  tho  other,  from  the  sympathetic ;  but  this  is  a  point  not  yet  settled  by  micro- 
seopical  investigations.  It  has  been  conclusively  fihown,  however,  that  the  coinmuni- 
cating  fibres  pass  in  both  directions. 

While  the  brandies  of  the  sympathetic  contain  a  large  number  of  the  ordinary  medul- 

l«£ed  fibres,  Kuch  as  are  found  in  the  cerebro-spinal  nerves,  they  also  present  nnmeroiiB 

fibres  of  Remak,  and  fine  fibres,  from  -nrJTnr  ^^  nW  of  ^"  i***^**  »»  diameter,  which  are 

jpgarded  by  Kolliker  as  true  efferent  fibres  from  the  sympathetic  ganglia.     With  regard 

thu  fibres  of  Romak,  we  have  nothing  to  add  to  what  wo  have  already  stated  under 


7fQ.  S12.— ^rn^xrtWIfc  gan(fiioti  itith  mnHipotar  celhi  hi^if  fiM^Mjttd,    (LeydJir*) 


the  bead  of  the  general  Btructure  of  the  nervous  system.  These  points,  with  the  fact 
that  most  of  the  terminnl  filaments  of  the  sympathetic  are  connected  with  nervo-colls  in 
ll»e  tnbstanoe  of  the  difterent  tissues,  constitute  the  most  important  anatomical  pecn- 
HjiritieA  of  the  sympathetic  nerve-fibres. 

With  regard  to  the  cells,  which  constitute  the  characteristic  anatomical  element  of 
the  sympatbetic  gnnglia,  we  shall  have  little  to  say,  aa  their  pectdlarities  at  present  seem 


736 


NERVOUS  SYSTEM. 


to  b©  of  ptirely  anatoraical  interest.    They  are  generallj  rounded,  ovoid,  or  pe&r- 
witli  a  uacleijs,  generally  clear,  and  a  distinct  nucleolus.     They  present  a  nucleated  caj>- 
sulei  prubably  composed  of  connective  tissue,  which  is  sometimes  lined  on  its  iiin«r 
face  with  a  single  laver  of  flattened,  polj^gonol  epithelium.    Souie  of  the  cells  are  tmtpoU 
some  are  b}[fotar,  and  some  are  multipolar.     In  frog«,  Boale  and  Arnold  liave  descnli«s4| 
pecoiiar  appearance  in  certain  cell^,  there  being  a  aingle^  strai;zht  prolongation, 
rounded  by  a  tine,  s{>iral  tibre.    These  have  not  been  demonstrated  in  tlie  human  sabje 
and  it  is  not  necessary  to  enter  into  a  discussion  of  the  probable  origin  and  ntif  on*  of 
spind  fibre.     The  connection  between  the  cells  and  tihres  of  the  !»yitiprirh^ 
the  same  as  in  the  cerehro-spinal  centres  and  is  represented  in  the  acc! 
gram,  taken  from  Leydig.     (^ec  Fig.  233.) 


General  Properties  of  the  Sympathetic  Ganglia  and  I^erves* 

The  older  writers  had  no  definite  ideas  with  regard  to  the  functions  of  tH**  *»; 
thetie  syst^^m,  and  they  were  divided,  even  on  the  simple  «]ucstion  of  its  hr 
assuming  that  the  ganglia  were  absolutely  insensible,  while  others  noti 
dcnces  of  pain  following  their  irritation  in  living  animals.    The  sensibility  of  the  gaiurlti 
though  distinct,  is  dull  as  compared  with  that  of  the  ordinary  sensory  nerves.     We  lia* 
also  noted  a  doll  but  well-marked  sensthility  of  the  cervical  ganglia  in  rabbitsw     In  tW' 
of  the  deciiled  and  uniform  results  of  the  im>st  careful  recent  experiments  upon  tliis  pAtatr 
there  can  be  no  doubt  of  the  existence  of  a  certain  degree  of  FensibiUty  in  the  ganglb  of 
the  sympathetic  system. 

Ailfegards  excitability,  recent  experiments  are  quite  satisfactory.     Miiller  expotci 
the  itite<tines  and  the  semilunar  ganglia  in  rabbits ;  and,  having  waited  until  the  tiit4- 
tines,  which  generally  present  movemeuls  njion  fij*s.t  opening  the  abdomen,  bad  ceafied  ll 
contractions,  the  peristtdtio  movements  ^^  were  immediately  renewed  with  extfaordtni 
activity  "  by  touching  the  ganglia  with  caustic  potash*    The  experiments  of  Longet  niio' 
that  a  feeble  continued  galvanic  current  applied  to  the  great  splanchnic  nervi*s  prodnccs 
contractions  of  the  musculnr  coat  of  the  intestines  wbtn  they  contain  nl  luMi* 

tors,  but  that  no  contractions  occur  when  they  are  empty.     On  the  othti  Uffcr 

has  observed  that  galvanization  of  the  splanchnic  nerves  produces  a  passive  cuiKiJUoti  irf 
the  small  intA:-siine;  that  is,  arrest  of  its  movements  witiiout  persistent  contraction  «f 
its  muscalar  eoat.  More  recently,  in  a  series  of  very  elaborate  experiments,  by  htp^s 
and  Onimus,  it  has  been  shown  that  the  induced  galvanic  current  ap[died  lo  the  ephmcJi 
nic  nerves  does  not  produce  peristaltic  movements,  but  that  these  movements  are  excttf4 
by  the  constant  current. 

Taking  luta  consideration  the  most  reliable  direct  observations  upnn  the  eytnpiihotic 
ganglia  and  nerves,  the  fact  that  their  stimulation  induces  movements  in  the  n».t  - 
muscles  to  which  they  are  distribut-ed  can  hardly  be  doubted.  This  action  is  }m 
well  marked  in  the  muscular  coat  c»f  the  blood-vessels;  but  here,  the  function  of  tbd 
nerves  is  so  im[Mirtant,  that  it  merits  special  con^ideratiun  and  will  be  treated  uf  fuMt 
under  the  head  of  the  vaso-motor  nerves.  The  mechnni^n  of  these  movementa,  howeTirr.  ti 
peculiar.  The  action  does  not  immediately  follow  the  stimulation,  im  it  dot*s  in  liic  csw 
of  the  cerebro-spinal  nerves  and  the  striated  muscles  hut  it  is  induced  gradually,  bc^ib 
ning  a  few  seconds  afVer  the  irritation  and  enduring  for  a  lime,  and  It  is  more  or  Irs* 
tetanic.  This  mode  of  action  is  peculiar  to  the  symjiatlictic  nerves  and  the  non-striAU*! 
m oscular  fibres. 

When  we  remember  the  invariable  connection  of  the  aympathctie  ganglia  with  ti*p 
cerebro-s[)inal  nerves,  we  see  at  once  tljc  Jmportance  of  the  <|uestion  of  the  derivatioD  *»l 
the  motor  and  sensory  properties  of  the  ganglionic  system.  Arc  the  sympatlietic  gaiijlii 
independent  nenre-centres,  or  do  they  derive  their  properties  from  the  cerebro-^*' 
system  ?    This  qaestion  may  be  satisfactorily  answered  by  two  kinda  of  experiracfltii 
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facts:  In  the  first  place,  soctioo  or  irritatloD  of  the  spinal  cord  and  certaiu  of  the  en- 
oeph&lic*  centres  is  capable  of  infliienciDg  t!ie  vasu-tnotor  system,  a  fuel  which  will  be  dwelt 
mmn  more  fully  in  another  conuootion,  Ju  the  Beooiid  place,  tho  oxperimeuts  of  Bernard 
upon  the  snbmaxillary  ganglion  and  its  influt'Oce  ou  the  secretion  uf  tho  submaxillary 
glund  have  deiuoiiatratedj  in  the  most  conclusive  manner,  that  this  gnuglion  is  the  centre 
presiding  imiuediately  over  the  reflex  phenomena  of  eecretioii  by  the  gland;  but  it  has 
also  been  shown  that,  when  all  of  tiie  connectionsi  of  the  i§»bniaxillary  gan^diun  with  the 
cerebru-apinal  system  are  divided,  after  a  few  days,  this  gangiiun  lt>st.*s  ita  power  oa  a 
refiex  nerYons  centre*  In  the  chapters  upon  secretion^  we  have  given  nnmeroud  examples 
of  reflex  action  through  tho  sympathetic  system.  Tho  experiments  just  cited  from  Ber- 
nard show  that  individual  ganglia  belonging  to  tlun  system  may  act  indcpendcotly  for  a 
time,  but  that  this  action  cannot  coutiDue  indttiaitcly,  after  the  cerebro-spinal  branches 
Lave  been  tlivided.     It  remains,  however,  to  apply  these  experiments  to  other  sympa- 

10  gang^lia;  but,  in  the  case  of  tho  suboiasillary,  they  are  very  satisfactory,  from  the 
ty  vvitli  which  the  parts  may  he  operated  upon  and  the  certainty  with  which  the 
ganglion  nmy  be  separated  from  its  connections  with  the  cerebro-Bi>inal  system.  As 
regard H  the  explanation  of  the  final  loss  of  power  over  the  functions  of  the  submaxillary 
gland,  the  experiments  of  Waller  seem  to  have  escaped  the  attention  of  the  eminent 
physiologist  whom  we  have  quoted.  There  is  no  experimental  fact  more  conclusively 
demonstrated  than  that  of  the  anatomical  degeneration  and  consequent  loss  of  physio- 
ical  function  of  nerve-fi!)re*i  in  a  few  days  after  they  have  been  separated  from  their 

res  of  origin.  After  division  of  a  cerebro-sisinal  nerve-trunk,  tlie  tubes  soon  lose 
their  nnatomical  characters  aud  will  no  h^n^cr  respond  to  a  galvanic  stimulus.  In  the 
case  of  the  fibred  opcratiuf?  upon  the  submaxilhiry  gland,  tbe  question  of  their  degenera- 
tion after  division  of  the  cerebrospinal  roots  was  not  submitted  to  microscopical  investi- 
gfttaoD.  Ifthe^  fibres  had  undergone  tho  dcgcDerattoa  which  has  so  frequently  been 
liliaervod  in  experiments  upon  otiier  nerves,  their  galvanization  would  not  have  produced 
aay  effect;  which  was  f>reci*ely  tbe  result  obtained  by  Bernard.  In  the  absence  of 
direct  observations  ufion  tins  point,  it  is  the  most  reasonable  view  to  adopt,  that  the 
j|bres  from  the  cerebra-Bpinal  nerves  liad  lost  their  function^  a**  a  natural  consequence  of 
lipftrntion  from  their  ccntre,«,  and  that  this  was  the  cause  of  the  alisenco  of  effect  upon 
the  gland  foll^>vviijg  their  galvanisation.  Tlie  observation  of  Bernard  show?*,  however, 
that  fiJaments  may  pass  to  special  organs  from  the  cerebro-spinal  centres  through  the 
qrnipatlietic  ganglia, 

M^netions  of  tlie  Sympathetic  System. 

In  the  early  part  of  the  last  century  (1TI3  and  1725),  Pourfour  du  Petit  demonstrated 
that  the  inHuence  of  the  sympathetic  nerve  in  the  neck  (the  great  sympathetic  was  fre- 
qaently  called  tho  nervus  intercostal it^)  was  propagated  from  below  upward  tfiwunl  the 
heatl,  and  not  from  the  brain  downward.  This  may  be  taken  as  tijo  starting-point  of  our 
deflnlU*  knowledge  of  the  functions  of  the  sympathetic  system,  though  the  experiments 
of  Prilt  ftliowed  only  the  influence  of  the  cervical  portion  upon  the  eye.  In  181 13,  Dupuy 
rtoiOTOil  the  superior  cervical  ganglia  in  horses,  with  the  effect  of  producing  injection  of 
the  conjunctiva,  increase  of  temi)enjture  in  the  ear,  and  an  abundant  secretion  of  sweat 
opoa  one  i^ide  of  the  head  and  neck.  These  experiments  showed  that  the  sympathetic 
ifjortant  intlaence  upon  nutrition,  calorification,  and  secretion.  In  1851,  Bernard 
the  experiments  of  Pourfour  du  Petit,  dividing  the  sympathetic  In  tbe  neck  on 
one  ^de  in  rabbits,  and  noted,  on  the  corresponding  side  of  the  head  and  the  car,  in- 
cr«iasod  vascularity,  and  an  elevation  in  temperature,  amonnting  to  from  7""  to  ll*"  Fahr. 
This  condition  of  increased  heat  and  vascularity  continues  for  several  months  after  di^i- 
aion  of  tho  nerve.  In  1852,  Brown-S^qaard  repeated  these  experiments  and  attributed 
theeloTation  of  temperature  directly  to  an  increase  in  the  supply  of  blood  to  the  parts 
He  made  a  most  important  advance  in  the  history  of  the  sympathetic,  by 
47 
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demonstrating  that  its  seotion  parAljzed  the  muscular  walls  of  the  iirterica,  jmd,  lnrtJii 
thftt  galvanization  of  the  nerve  in  tb©  neck  caused  the  v easels  to  contract.     This  wm 
discovery  of  the  vaso-oiotor  nerves,  concerning;  which  so  much  hai»  be«n  written  wi 
the  past  few  years,  and  it  belongs  without  (juestion  to  Brown-St^quard»  who  pahliiib* 
his  observations  in  August^  1852.     A  tl^w  months  later,  in  the  same  year,  Bernard  mai 
analogous  expertments  and  presented  the  same  exphinatiou  of  the  phenomcua  obi^erve 

The  above  embraces  all  that  is  important  with  regard  to  the  hiiitory  of  expcrimcni 
observutiunii  upon  the  ayrapathetic.  It  is  evident  that  we  could  know  nothing  of  the 
functions  of  tbia  system  before  the  time  of  Poui-four  du  Petit,  when  the  prevailing  opio- 
ion  was  that  tlie  nerve  originated  from  the  encephaiou,  and  that  its  inlluence  was  prop*- 
gated  downward;  and  writings  anterior  to  the  experiments  of  Bernard  and  of  Brown* 
Seqnard  present  interesting  suggestions  and  theories,  but  they  contain  little  tliat 
npon  our  positive  knowledge. 

The  important  points  developed  by  the  first  experiments  of  Bernaril  and  of  Browj 
S^qoard  were,  that  the  sympathetic  system  influences  the  general  process  of  nnlrilii 
and  tbat  many  of  its  filaments  are  distributed  to  the  muscular  coot  of  the  blood-vcf««] 
Before  tbese  experiments^  it  hud  been  sbuvvn  tbat  lilaments  from  this  syHlirm  intluem 
the  contractions  of  tlie  muscular  coats  of  tlm  alimentary  canaL     Lenving,  for  the  prttfvui, 
the  action  of  the  vasomotor  nerves,  we  shall  brieily  recapitulate  some  of  the  factA  wHk 
regard  to  tbe  influence  of  tbe  sympathetic  upon  animal  heat  and  secretion. 

When  the  sympathetic  is  divided  in  the  neck,  tbe  local  increase  in  temperatwe it 
always  attended  with  a  very  great  increase  in  the  supply  of  blood  to  the  side  of  the  hMd 
corresponding  to  the  section.  The  increased  t^jmperature  is  due  to  a  local  exaggcrgtiao 
of  the  nutritive  processes,  apparently  dependent  directly  upon  tbe  hypenemia;  aud  Hi* 
not  probable  that  there  are  any  nerves  to  which  the  name  of  calorilic,  as  distinguished 
from  vaso-raotor,  can  justly  be  applied.  Tliere  are  niuuerous  instajices  in  pathology©! 
local  increase  in  temperature  attending  increased  supply  of  blood  to  restricted  ports.  It' 
a  recent  experiment  by  Bidder,  afier  excising  about  half  an  inch  of  tlie  cervical  s; 
thetic  in  a  lialf-grown  rabbit,  the  ear  on  tbat  side,  in  tijc  course  of  about  two  m 
became  distinctly  longer  and  broader  than  tbe  other. 

The  experiment  of  dividing  the  sytn pathetic  in  the  neck,  especially  in  rahUtSf  if 
easily  performed,  that  the  phenomena  observed  by  Bernard  and  Brown-S^quard  hiif 
been  repeatedly  verifieiJ.  We  have  often  done  this  in  class-demonstrations.  A  T«ry 
striking  experiment  is  the  following,  suggested  by  Bernard :  After  dividing  the  synij 
thetic  and  exhibiting  the  increase  in  the  temperature  and  the  vascularity  uf  the  cjiroa' 
one  side  in  the  rabbity  if  both  ears  be  cut  off  just  above  tbe  head  with  a  sharp  knife,  tii 
artery  on  tbe  side  on  which  the  sympathetic  has  been  divided  will  frequently  send  np  i 
jet  of  blood  to  the  hoij^ht  of  several  feet,  while,  on  tlie  sound  side,  the  jet  is  alif^yi 
mucli  less  forcible,  and  it  may  not  be  observed  at  alU  This  experiment  succeeds  b«it  to 
large  rabbits. 

It  is  very  easy  to  observe  the  effectj*  of  dividing  the  sympathetic  in  the  ncck»  bil 
analogous  phenomena  have  been  noted  in  other  parts.  Among  the  most  striking  of  ihiiB 
experiments  are  those  reports  by  Samuel,  who  noted  an  intense  byi^rintnia  wf  1^ 
mucoas  membrane  of  the  stomach  and  intestines  following  extirpation  of  thi*  ca^ 
plexus.  By  comparative  experiments,  it  was  shown  that  this  did  not  result  from  tfe# 
peritonitis  prmhiced  by  the  operation. 

As  regards  secretion,  the  influence  of  the  sympathotic  is  very  marked.  Wlicu  lfc« 
sympathetic  filaments  distributed  to  a  gland  are  divided,  the  supply  of  blood  is  very  mncb 
increased,  and  an  abundant  flow  of  the  secretion  follows.  This  point  we  have  tlrea^/ 
discussed  in  anotlier  chapter,  where  we  have  referred  particularly  to  the  expcrimvflU ^>^ 
liernard  upon  tbe  salivary  glands.  In  some  recent  experiments  by  Peyrani,  ii  ha«  !*<<« 
shown  that  the  Bymj)athetic  has  a  remarkable  influence  npon  the  secretion  of  orifi*- 
Wlien  the  nerves  are  galvanized  in  tbe  neck,  the  amount  of  urine  and  area  h  md^itfA 
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this  iiuTeiine  i-  gr*:viier  with  the  induced  than  with  the  constant  current.  \\  iien  the 
Dpjithetio  13  dividtHl,  the  quantity  of  nrhift  find  urea  sinkj^  to  the  minimtnn. 
Dr.  Moreau  has  reeentij  published  a  series  of  observations  on  the  influence  of  the 
8/nipttthelic  nerves  upon  the  seeretion  of  liquid  by  the  mte^inal  eanal^  which  ore  peeul* 
iarly  hiteretiting  in  their  bearing  ui)on  the  sudden  occurrence  of  watery  diarrhcra.  In 
the^se  expcrimont9i  the  abdomen  was  opened  in  a  fasting  anitnal>  and  three  loops  of  intOH- 
tine,  each  from  four  to  eight  Inches  looff,  were  isolated  by  two  Kigatureft,  All  of  the 
nenros  padsiug  to  the  middle  loop  were  divided^  taking  care  to  avoid  the  b!oi>d*vos8elB. 
The  intestme  was;  then  re[>1aced,  and  the  wound  in  tlie  nbdomeu  wa§  cloi^ed  with  ^itun^ft. 
The  next  day  the  animal  waa  killed.  The  two  loops  with  the  nerves  intact  were  found 
empty,  as  is  normal  in  fasting  animnK  imd  the  mneous  membrane  was  dry;  but  the  hiof^ 
with  the  nerves  divided  was  found  filled  with  a  clear,  alkaline  liquid^  colorlesa  or  slightly 
opaline,  which  precipitated  a  few  docculi  of  orgauic  matter  on  boiling. 


VasO'Motor  A^erves. 


^^^iire  experiments  which  we  have  already  cited  demonstrate  beyond  a  donbt  the  exist- 
L  ence  of  nerves  distributed  to  the  inustcnilar  coats  of  the  blood-vesBeU  and  capable  of 
JtguliitiDg  their  caliber  and  the  quantity  of  blood  &ent  to  ditTeront  parts.  These  are  the 
^mio-tnotor  nerves,  discovered  by  Brown-Sk'quurd,  in  1852,  The  importance  of  nerves 
apable  of  regulating  what  we  may  call  the  local  circulations  is  sufficiently  apparent. 
The  glands,  for  example,  require  at  certain  times  an  immen<*e  increai*e  in  their  t^upply  of 
blood,  and  the  same  is  probably  true  of  the  muscles,  brain,  and  other  parts.  It  hm  been 
thown,  by  direct  experiments  upon  living  animals,  that  IcK'al  variations  in  the  circulation, 
independent  of  the  action  of  the  heart,  acttially  take  place,  and  that  they  are  of  great 
importance  in  special  functions ;  and  there  are  numerous  instances  of  such  actinn,  which 
can  only  take  place  through  the  nervous  system.  The  phenomena  of  blushing  and  pallor, 
from  mental  emotions,  are  familiar  examples. 

There  can  ho  no  donbt  of  the  fact  that  the  eympathetie  branches  contain  filamcntB 
capable  of  modifying  the  caliber  of  the  blood-vessel^  and  that  the  cerebro-^ijinal  nerves 
also  cootfun  elements  possessing  analogous  properties;  but  when  we  reflect  upon  the 
extensive  anastomoses,  in  both  directions,  between  the  eympathetie  and  the  ordinary 
motor  and  sensory  nerves,  we  can  appreciate  the  importance  of  determining  the  exact 
origiD  and  conraeof  these  vaso-motor  fibres.  The  first  important  tpiestion  is,  whether  the 
vaso-motor  filaments  be  derived  from  the  sympathetic  ganglia  or  from  the  cerebro-spinal 
centrM, 

All  experiments  upon  the  question  just  proposed  tend  to  show  that  the  vns^o-motor 
aerv<y*  are  derived  exclusively  from  the  cerebro-spinal  system  and  do  not  origin  ate  in 
the  tympalhetic  ganglia.  Without  citing  the  numerous  confirmatory  observations  of  dif- 
ferent pbysiologistfl^  it  is  sufficient  to  state  that  Schiff  has  experimentally  demonstrated, 
in  the  most  concltisive  manner,  that  the  vaso-motor  nerves  are  derived  from  the  cerebro- 
ipinai  ccnlrcH  and  not  from  tlje  sympathetic  ganglia.  Tliere  is  now  no  difference  of 
opinicm  among  physiologists  upon  this  point,  the  only  question  being  the  exact  location 
of  the  vano-motor  centres. 

As  A  summary  of  our  present  knowledge  of  the  origin  of  the  vaso-motor  nerves  in  the 
br«>«ipinal  axis,  we  may  cite  the  following  remarks,  from  a  review  of  the  experiments 
Schiff,  by  Brown-S^'qnard:  **1.  That  if  there  are  vaso-motor  elements  which  decus* 
iiio  in  the  spinal  cord,  their  number  is  excessively  small.  2,  That  the  facts  observed  by 
M.  8chtff,  on  thia  subjert^  admit  of  a  more  simple  explanation.  3.  That  a  number  of  the 
raso-mofor  elements  stop  in  the  spinal  cord.  4.  That  a  tolerably  large  number  of  va^o- 
motof  elements,  coming  from  different  points  in  the  body,  ascend  as  far  as  the  tuber 
iafitdare,  and  some  as  far  as  the  cerebellum  and  to  other  parts  of  the  encephalon.  5. 
That,  conaequcntly,  the  medulla  oblongata  is  not  the  «ole  source  of  the  vaso-motor  ele- 
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generally  two  hrancbes  of  com trnioi cation  for  eacli  ganisfliuu.  Tlie  filiimeiitg  af  distribu- 
tion go  to  all  of  %lw  pelric  viscera  and  tbo  blood-vessels.  The  inferior  hypogaptTic^  of 
pelvic  phxMs  is  a  cuntintmtion  of  tbe  bypopaFhic  plexuB  above^  and  receives  t  few  fiJu- 
mentsfrom  the  sucroi  ganglia.     Tlje  most  ioteresting  braucbcs  from  this  plexns  are  tbe 
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uterine  nerves,  which  go  to  the  otema  and  the  Fallopiftn  tubes.  In  the  substance  of  tho 
oteruA,  the  nerves  are  connected  with  small  L-ulleetkins  of  ganglionio  celli?.  The  i^yropa- 
thetio  filaments  are  undoubtedly  prolonged  into  the  upper  and  lower  extremities,  follow- 
ing tho  course  of  the  blood- vessel 3  aod  distributed  to  their  muscular  coat. 

Accordmg  to  the  latest  reBeftrches,  tlie  tilanients  of  the  symputhetlo^  at  or  near  their 
terrainution,  are  eonneeted  with  gan^zlionic  cells,  not  only  in  the  heart  and  the  titenia, 
but  in  the  blood -vessels^  lymphatics,  coccygeal  gland,  tho  subnmcous  and  the  muscular 
luyer  of  the  entire  alimentary  canal,  the  BuUvary  ghind^,  pancreas,  excretory  ducts  of 
the  Hver  and  pancreas,  tho  larynx,  trachea,  puhnonnry  tissue,  bladder,  nrcters*,  the  entire 
generative  apparatus^  suprarenal  capsules,  thymus,  lachrymal  canals,  ciliary  ino&ele,  and 
the  iris.  lu  these  situations,  nerve-eeiU  have  been  demonstrated  by  various  observers, 
and  it  is  probable  that  they  exist  everywhere  in  connection  with  the  terminal  filaments 
of  this  system  of  nerves. 

Pseuliaritiea  in  the  Intimate  Strueture  qf  the  Sympathetic  Ganglia  and  Kcrve^, — ^Tbe 
pectdiarities  in  the  structure  of  the  cells  and  fibres  of  tlie  sympathetic  system  are  not 
numerous,  nor  do  they  possess  very  great  physiological  importauce.  The  free  communi- 
caticiDs  between  the  sympathetic  ganglia  and  the  cerebro*i4[iinal  nerves,  and  the  diiier- 
ences  in  the  general  appearance  of  certain  of  these  anastomosing  branches,  lead  to  the 
important  question  of  their  origin.  As  a  rule,  tho  sympathetic  nerves  are  sotter  and 
more  grayish  in  color  than  the  spinal  nerves.  When  there  ai'e  two  branches  of  commu- 
nication between  a  ganglion  and  a  s[Mnal  nerve,  one  of  them  is  white  and  the  uther  is 
grayish,  and  we  might  infer  from  this  that  one,  the  white,  U  derived  from  tho  spinal 
system^  and  the  other,  iVora  the  sympathetic;  but  this  is  a  [nimt  not  yet  settird  bymicro- 
soopical  investigations.  It  has  been  conclusively  shown,  however,  that  the  communi- 
cating fibres  pass  in  both  directions. 

While  the  branches  of  the  sympathetic  contain  a  large  number  of  the  ordinary  niedul- 
lated  tibres,  such  as  are  found  in  the  cerebro-spinal  nerves,  they  also  present  numerous 
fibres  of  Remak,  and  fine  fibres,  from  rzh^^  *<>  iAtt  ^^  ^^  '^^^^^  if^  diameter,  which  are 
regarded  by  Kolliker  as  true  ederent  fibres  from  the  sympathetic  ganglia.  With  regard 
to  the  fibres  of  Kemak,  we  have  nothing  to  add  to  what  we  have  already  stated  under 


Fifi.  Sl^,^3ymjMtAMc  ifnngtion.  icWa  muitipefar  ceUt;  highly  ma{fn(/ed^    (Leydlg.) 

the  head  of  the  general  structure  of  the  nervous  system.  These  points,  with  the  fact 
that  most  of  the  terminal  filaments  of  the  sympathetic  are  connected  with  nerve-cells  in 
the  sabstiince  of  the  different  tissues,  constttnte  the  most  important  onatomical  pecn- 
Tuiritles  of  the  aympathetic  nerve-fibres. 

With  regard  to  the  cells,  which  constitute  the  characteristic  anatomical  element  of 
tie  fympatbetic  ganglia,  wo  shall  have  little  to  say,  as  their  peculiarities  at  present  seera 
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to  be  of  purely  anatomical  interest.  They  are  generally  rounded,  ovoid,  or  pear-sbopcd, 
with  a  nucleus,  gonerally  dear,  and  a  distinet  nncleolus.  They  present  a  nucleated  cap- 
sule^ prulmbly  eomposed  of  conat'ctive  tisane,  which  is  sometimes  lined  on  its  iniit^r  sur- 
face with  a  single  layer  of  flattened,  polygonal  epitbelium.  Some  of  the  cells  are  nnipokr, 
some  are  bipolar,  and  &ome  arc  multipolar.  In  frugs,  Beale  and  i\rnold  have  deacTibed  a 
peculiar  appearance  in  certahi  celln,  tburo  beinj?  a  single,  straijjbt  prolongation,  iur- 
roonded  by  a  tine,  spiral  fibre.  These  have  not  been  demonstrated  in  the  hmiian  subject, 
and  it  is  not  neee!*»ary  to  enter  into  a  dlsciWion  of  the  probable  origin  and  nature  i>f  tbe 
sjiirol  fibre-  The  connection  between  the  cells  and  fibres  of  the  ^ynipathetic  ia  probably 
the  same  as  in  the  cerebrO'Sjjinal  centres  and  h  represented  in  the  accompanying  diu» 
gram,  taken  Ironi  Leydig.     (tiee  Fig.  233.) 


I 


General  Properties  of  the  Sympathetic  Giwglla  and  Nerves. 

The  older  writers  had  no  definite  ideas  with  regard  to  the  functions  of  tho  sytnpi- j 
thetic  system,  and  they  were  divided,  even  on  tho  fsinijde  <]uestTon  of  its  isensihility,  soma 
assaming  tbat  the  ganglia  were  absolutely  insensible,  vvliile  others  noted  distinct  ed- 
dences  of  pain  following  their  irritation  in  living  animabs.    The  sensibility  of  the  ganglia, 
thoagh  diatinctt  is  dall  as  compared  with  that  of  the  ordinary  sensory  nerveisi.     We  liavo  j 
also  noted  a  dull  but  well-marked  sensibility  of  the  cervical  ganglia  in  rabbita.     In  vt#ir  \ 
of  the  decided  and  uniform  results  of  the  most  careful  recent  experiments  upon  this  poiftt, 
there  can  be  no  doubt  of  tlie  existence  of  a  certain  degree  of  sensibility  in  the  ganglia  of 
the  sympathetic  system. 

A^jfegards  excitability,  recent  experiments  aro  quite  antisfactory.    Mtiller  exputcd  \ 
the  intestines  and  the  semilunar  gangba  in  rabbits;  antl,  having  waited  until  the  irile'*-  [ 
tine^,  which  generally  present  movements  upon  first  opening  the  abdomen,  had  ceased  their  I 
contractions,  the  perisUdtic  movements  *'  were  immediately  renewed  with  extraordinary  ^ 
activity  *^  by  touching  the  ganglia  with  caustic  potash.    The  experiments  of  Longet  show 
tbat  a  feeble  continued  galvanic  current  applied  to  the  great  splanchnic  nervea  produces^ 
contractions  of  the  musculfir  coat  of  the  intestines  when  they  contain  alimentary  mat* 
tors,  but  that  no  contractions  occur  wlien  tbey  are  empty.     On  the  other  hand,  P^Qg^r 
has  ohservetl  tbat  galvanization  of  the  splanchnic  nerves  produces  a  passive  condition  of 
the  small  intestine ;  tbat  is,  arrest  of  its  movemeuts  witiiout  persistent  contractions  of 
its  muscular  poat.     More  recently,  in  a  series  of  very  elaborate  experiments,  by  Lcgrr^s 
and  Onimus,  it  has  been  shown  that  the  induced  galvanic  current  applied  to  tho  fiplancii* 
nic  nerves  does  not  produce  peristaltic  movements,  hot  that  these  movements  are  excited 
by  the  constant  current. 

Taking  into  consideration  the  most  reliabie  direct  obaervations  upon  the  sympathetic 
ganglia  and  nerves,  the  fact  tbat  their  stimulation  induces  movements  in  the  non-striati^d 
muscles  to  which  they  are  disirihuted  can  hardly  be  doid>ted.  This  action  is  particnlafij 
well  marked  in  the  muscular  coat  of  tho  blood-vessels;  but  here,  the  function  of  tbe 
nerves  is  so  important,  that  it  merits  special  consideration  and  will  be  treated  of  fullv 
nnder  the  head  of  the  vaso-motor  nerves.  The  mechaniara  of  these  movements,  however,  ii 
peculiar.  The  acti<jn  does  not  immediately  follow  tho  stimulation,  as  it  does  in  the  caw 
of  the  corebro-spinal  nerves  and  the  striated  muscles,  but  it  is  induced  gradually,  begin- 
ning a  few  seconds  after  the  irritation  and  enduring  ft>r  a  time,  and  it  is  more  or  lew 
tetanic.  This  mode  of  action  is  peculiar  to  the  sympathetic  nerves  and  the  non-striated 
muscular  fibres. 

When  we  remember  the  invariable  connection  of  the  aym]jathetie  ganglia  wlUi  tho 
cerebro-spinal  nerves,  we  see  at  once  the  jmportance  of  the  i|nestion  of  the  derivation  of 
the  motor  and  sensory  properties  of  the  ganglionic  system.  Are  the  sympathetic  ganglia 
independent  nerve-ocntrea,  or  do  they  derive  their  properties  from  the  cerebro-fplnal 
system?     This  question  maybe  satisfactorily  answered  by  two  kinds  of  cxnerinienlal 
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facts :  la  the  first  place,  section  or  irritotion  of  the  spinal  cord  and  certain  of  the  en- 
cephalic oontres  is  capable  of  influentMog  the  vaso-motor  system,  a  fact  which  will  be  dwelt 
upon  more  fully  in  another  connection.  In  the  second  place,  the  experiments?  of  13emard 
upon  the  suhniaxilliiry  ganghon  and  it^  influence  im  the  accretion  uf  the  Mihinaxillary 
gland  have  demonstrated,  in  the  must  conclosive  manner,  thut  tlm  ganglion  h  the  centre 
presiding  immediately  over  the  reflex  phenomena  of  aecretion  by  Ihu  ghaid ;  bat  it  hua 
Also  been  ijhown  that,  when  all  of  the  connections  of  the  submaxillary  ganglion  with  the 
c©Tebro-s[jinal  system  are  divided,  after  a  few  daya,  tbia  gaoglion  loses  its  power  as  a 
reflex  nervous  centre.  In  the  chapters  upon  secretion,  we  have  given  numerous  examples 
of  reflex  action  tliroufTfh  the  sympathetic  system.  The  experiments  just  cited  from  Ber- 
nard show  that  individual  ganglia  belonging  to  this  system  may  act  independently  for  a 
time,  but  that  thit*  action  cannot  continue  indefinitelyj  after  the  cerebro-spinal  branches 
have  been  dividetL  It  remains*,  however,  to  apply  l!ieae  experimeuta  to  other  sympa- 
thetic ganglia;  lmt»  in  the  case  of  the  submaxillary,  they  are  very  satisfactory,  from  the 
facility  with  which  the  iiarts  may  be  operated  upon  and  the  certainty  with  which  the 
ganglion  may  be  separated  from  its  connections  with  the  cerebro- spinal  system,  As 
regards  the  explanation  of  tlic  final  loss  of  power  over  tlie  fimctions  of  the  submaxillary 
gland,  the  esfierimcnta  of  Waller  seem  to  have  escaped  the  attention  of  the  eminent 
plij8iologi;iit  whom  wo  have  quoted.  There  is  no  experimental  fact  more  conclusively 
demonstrated  than  that  of  the  anatomical  degeneration  and  consequent  loi^j*  of  phyaio- 
lofical  fanetion  ot  nerve-fibres  in  a  few  days  after  they  liavc  been  sefiaratcd  from  their 
centres  of  origin.  After  division  of  a  cerebro-spimd  nerve-trunk,  the  tubes  soon  lose 
their  anatomical  characters  and  will  no  longer  respond  to  a  galvanic  stimulus.  In  the 
case  of  the  fibres  operating  upon  the  submaxjllary  glimd,  the  <|He»tion  of  their  degenera- 
tion after  divii^ion  of  the  eerebro-spinal  rooU  was  not  submitted  to  microscopical  investi- 
gation. If  these  fibres  had  undergone  the  degeneratinn  wliieh  has  so  froijuently  been 
observed  in  exi>erinients  upon  other  nerves,  their  galvanization  would  not  liave  produced 
any  effect ;  which  was  precisely  the  result  obtuined  by  Bernard,  In  the  ahaenco  of 
direct  obst?rvatit>ns  upon  this  point,  it  is  the  most  reasonable  view  to  ado[»t,  that  the 
fibres  from  the  ctM-ehro-sj>inal  nerves  It  ad  Irihst  their  functivm,  as  a  natural  cuiisequence  of 
reparation  from  their  centres,  and  that  tins  was  the  cause  of  the  abi^ence  of  effect  upon 
the  gland  following  their  galvanization.  The  ol)servalion  uf  Bernard  &ho\v.s  however, 
that  filarcents  may  pass  to  special  organs  from  the  corebro-gpinal  centres  through  the 
sympathetic  ganglia. 

Mtnetions  of  the  Sympathetic  Si/stem, 

In  the  early  part  of  the  last  century  (1712  and  1725),  Ponrfour  du  Petit  demonstrated 
that  the  infiaenco  of  the  sympathetic  nerve  in  the  neck  (the  great  sympathetic  was  fre- 
quently called  the  nervus  intereostalis)  was  propagated  fri>m  below  upward  toward  the 
head,  and  not  from  the  brain  downward.  This  tnay  be  taken  as  tbe  start ing-iioint  of  our 
definite  knowledge  of  the  functions  of  the  sympathetic  system,  though  the  experiments 
of  Petit  showed  only  the  intincnee  of  the  cervical  portion  upon  the  eye.  In  US  It],  Dupny 
removed  the  sufierior  cervical  ganglia  in  hortses,  with  the  elfect  of  [jroducing  injection  of 
the  conjunctiva,  increase  of  temperature  in  the  ear,  and  an  abundant  secretion  of  sweat 
npon  one  side  of  the  head  and  neck.  These  experiments  showed  that  tlie  sympathetic 
has  an  imj>ortant  influence  ufion  nutrition,  calorification,  and  secretion.  In  1851,  Bernard 
repeati'd  the  experiments  of  Pourfour  du  Petit,  dividing  the  sympathetic  In  the  neck  on 
one  side  in  rabbits,  and  noted,  on  the  corresponding  side  of  the  head  and  the  ear,  in- 
creadod  vascularity,  and  an  elevation  in  tetnperatiire,  amounting  to  from  7'  to  11°  Fahr. 
This  condition  of  increased  heat  and  vascularity  continues  for  several  months  after  divi- 
sion of  the  nerve.  In  1855,  Browa-8^5llaard  repeated  these  experiments  nnd  attributed 
the  deration  of  temperature  directly  to  an  increase  in  the  supi>!y  of  blond  to  the  parts 
affected.  He  made  a  most  important  advance  in  the  history  of  the  syuifialhotiCj  by 
47 
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demonstrating  tbat  its  section  paralyzed  the  muscidar  walla  of  the  fljrteriea,  and,  fnriheri 
that  galvanization  of  the  nerve  in  tbe  neck  caused  tbo  vesscb  to  contract.  This  was  il 
discovery  of  the  vaso-motor  nerves,  coucerning  vvbieh  so  much  ha.H  been  written  wit! 
the  past  few  years,  and  it  belongs  witbout  question  to  Brown-Siquard,  wbo  pablisb 
his  observations  in  Au^st,  1852.  A  tV^w  niontbii  later,  in  the  same  year,  Bcrnatd  tnadi 
analogous  ei[ierimentii  and  presented  the  sanie  explanation  of  tbe  pbenoracna  observed, 

Tbe  above  embraces  all  tbat  js  imi>ortaut  ivitb  regard  to  tbe  bistory  of  experimental 
observHtions  upon  tbe  sympattietie.  It  is  evident  that  we  could  know  notbinii  of  the 
funetioQS  of  this  system  betWe  tbe  time  of  Pourtour  dn  Petit,  wlien  tbe  proTailing  opi 
ion  was  that  tlie  nerve  originated  from  the  enccpbahjUf  and  tbat  its  influence  waa  proptF 
gated  downward  \  and  writings  anterior  to  the  experiments  of  Bernard  and  of  Browzi> 
B^qnard  present  interesting  snggestions  and  Ibeories,  hut  they  contain  little  that  bean 
upon  our  positive  knowledge* 

Tbe  iujportant  points  developed  by  tbe  tirst  experiments  of  Bernard  and  of  Browo- 
S^quard  were,  that  tbo  sympathLtic  system  influences  the  general  process  of  natritioii, 
and  that  many  of  its  filaments  are  distributed  to  tbe  muscnlar  coat  of  tbe  hlood^vesselSr. 
Before  tbese  experiments,  it  had  been  sliown  tbat  filaments  from  this  system  intlnencedj 
tbe  contractions  of  tbe  muscubir  coats  nf  tlie  alimentary  canal.  Leaving,  for  the  preaeo' 
the  action  of  the  vaso-motor  nerves,  we  sball  briefiy  recapitulate  some  of  the  facta  wil 
regard  to  tlje  inflaence  of  tbe  synipatbetio  upon  animal  beat  and  secretion* 

When  the  synifrnthetic  is  divided  in  tbe  neck,  the  local  increase  in  temperatoro 
always  attended  with  a  very  great  increase  in  tbe  supply  of  blood  to  tbe  side  of  the  h' 
corresponding  to  tbe  section.     The  increased  tcinperutiire  is  due  to  a  local  exaggersti^ 
of  the  Diitritive  processes,  apparently  dependent  directly  upon  tbe  byperiemia;  and  it 
not  probable  tbot  there  are  any  nerves  to  which  the  name  of  c^doritic,  as  distingui&bi 
from  vaso-motor,  con  justly  be  appbed.     There  are  numerous  instances  in  pathology 
local  increase  in  temperature  attending  increased  supply  of  blood  to  restricted  parta.     I 
a  recent  experiment  by  Bidder,  after  excising  about  half  an  inch  of  the  cervical  sjni: 
thetic  in  a  half-grown  rabbit,  the  ear  on  tbat  side,  in  the  course  of  about  two 
became  distinctly  hmger  nnd  broader  than  tbe  other. 

Tbe  experiment  of  dividing  the  sympathetic  in  the  neck,  especially  in  rabbits^ 
easily  performed,  that  the  pljcnomena  observed  by  Bernard  and  Brown-S(?qunrd  h^^yp 
tK*en  repeatedly  verified*     We  have  often  done  this  in  chiss-demonstrations.    A  ^^i^ 
striking  experiment  is  the  following,  suggested  by  Bernard  :  At\er  dividing  the  eyrap 
thetic  and  exhibiting  the  increase  in  the  temperature  and  the  vascularity  of  the  ear  ag' 
one  aide  in  the  rabbit,  if  both  ears  be  cut  ofl'  just  above  tbe  head  with  a  sharp  koifc,  th^ 
artery  on  the  side  on  wliich  the  sympathetic  has  been  divided  will  frequently  send  op  ft 
jet  of  blood  to  the  height  of  several  lect,  while,  on  the  sonnd  side,  the  jet  is  alvi^i 
much  less  forcible,  nnd  it  may  not  ho  observed  at  all.     This  experiment  succeeds  bMtIP 
large  rabbits. 

It  13  very  easy  to  observe  tbe  effects  of  dividing  the  sympalbetic  in  the  neckibnl 
analogous  [thenomena  have  been  noted  in  other  [*arts.  Among  the  most  striking  of  ttMH 
experiments  are  tlioso  reported  by  Samuel,  who  noted  an  intense  byperiemia  of  the 
inucoua  membrane  of  the  stomach  and  intestines  following  extirpation  of  the  cceliic 
plexus.  By  comparative  exfieriments,  it  was  shown  that  this  did  not  result  Irom  the 
peritonitis  produced  by  the  operation. 

As  regards  secretion,  the  influence  of  the  sympathelic  is  very  marked.  When  tb« 
sympathetic  filaments  distributed  to  a  gland  are  divided,  the  supply  of  bloijd  is  very  nmch 
increased,  and  an  abundant  flow  of  the  secretion  follows.  This  point  we  have  alreidy 
discuss*^]  in  another  chapter,  where  we  have  referred  particularly  to  the  experiments  of 
Bernard  upon  tlie  sidivary  glands.  In  some  recent  experiments  by  Peyrani,  it  has  beta 
shown  til  at  the  sympathetic  has  a  remarkable  influence  upon  the  accretion  of  tirini- 
When  the  nerves  are  galvanized  in  the  neck,  the  amount  of  urine  and  nren  U  uicrtuti 
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and  this  Increase  is  greater  with  the  induced  than  with  the  constant  onrront.     When  the 
Bympatbotic  is  dividedf  the  f|uantitj  of  urine  and  urea  ainlis  to  the  minimum. 

Dr.  Moreau  has  recently  published  i\  series  of  obser^^ations  on  the  influence  of  the 
sympathetic  nerves  upon  the  secretion  of  UquiJ  by  the  intestinal  canal^  which  are  pecul- 
iarly intercijting  in  their  bearing  uj^on  the  sudden  occurrence  of  watery  diarrha»a.  In 
these  experiments,  the  abdomen  was  opened  iu  a  fasting  animal,  imd  three  loops  of  intes- 
tine, each  from  four  to  eight  inches  lonpTj  were  isolated  by  two  ligatnres.  AD  of  the 
nerves  passing  to  the  middle  loop  were  divided^  taking  care  to  avoid  the  blood-vessels. 
The  intestine  was  then  rephiced,  and  the  wound  in  the  abdomen  was  closed  with  sutures. 
The  next  day  the  animal  was  killed.  The  two  loops  with  the  nerves  intact  were  found 
empty,  as  is  normal  in  fasting  animals,  and  the  Tnucous  membrane  was  dry ;  but  the  loop 
with  the  nerves  divided  was  found  filled  with  a  clear,  alkaline  liquid,  colorless  or  slightly 
opaline,  which  precipitated  a  few  floceiiU  of  organio  matter  on  boiling. 

Vaso*Motor  Nerves, 

The  experiments  which  wo  have  already  cited  demonstrate  beyond  a  doubt  the  exist- 
ence of  nerves  distributed  to  the  rniiseuhir  eoats  of  the  blood-vessels  and  capable  of 
regulating  their  culibtT  and  the  quantity  of  blood  sefit  to  difiereut  parts.  These  are  the 
vaso-motor  nerves,  diseovcred  l»y  Brovvn-Seijuard,  in  1^52.  The  importance  of  nerves 
apable  of  regulating  what  we  may  call  the  local  circuhitions  is  sufficiently  apparent. 
The  glands,  for  example,  require  at  certain  times  an  inmiense  increase  in  their  supply  of 
blood,  and  the  same  is  probably  true  of  the  tnuficles,  brain,  and  other  parts.  It  has  been 
shown,  by  direct  experiments  upon  living  animals,  thiit  local  variations  in  the  circulation, 
mdep<?ndent  of  the  action  of  the  Iieart,  aetiuilly  take  place,  and  tliat  they  are  of  great 
importance  in  special  functions;  and  there  are  numerous  instances  o^  such  actiou,  which 
can  only  take  place  through  the  nervons  system.  The  plienomena  of  blushing  and  pallor, 
from  mental  emotions,  are  familiar  examples. 

There  can  be  no  doubt  of  the  fact  that  the  sympathetic  branches  contain  filaments 
capable  of  modifying  the  caliber  of  the  blood-vessels,  and  that  the  cerebro-spinal  nerves 
also  contain  elements  possessing  analogous  properties ;  bat  when  we  refieet  upon  the 
extensive  anastomoses,  in  both  directions,  between  the  sympathetic  and  the  onlinary 
motor  and  sensory  nerves,  we  can  appreciate  the  importance  of  determining  the  exact 
origin  and  coarse  of  these  vaso-motor  fibres.  Tlie  first  important  question  is,  whether  the 
vaso-motor  filaments  be  derived  from  the  sympathetic  ganglia  or  from  the  cerebro-spinal 
centres. 

All  experiments  upon  the  question  just  proposed  tend  to  show  that  the  vaso-motor 
nerves  are  derived  exclusively  from  the  cerebro-epinal  system  and  do  not  originate  in 
the  sympathetic  ganglia.  Without  citing  the  numerous  confirmatory  observations  of  dif- 
ferent physiologists,  it  is  sufficient  to  state  that  Schiff  has  experimentally  demonstrated, 
10  the  most  conclusive  manner,  that  the  vaso-motor  nerves  are  derived  from  the  cerebro- 
spinal centres  and  not  from  the  sympathetic  ganglia.  There  is  now  no  difference  of 
opinion  among  physiologista  upun  this  point,  the  only  queBtion  being  the  exact  location 
of  the  vaso-motor  centres. 

As  a  summary  of  our  present  knowledge  of  the  origin  of  the  vaso-motor  nerves  in  the 
oerebro-apinal  axis,  we  may  cite  the  following  remarks,  from  a  review  of  the  experiments 
of  Schifl^,  by  Brown-?^equard :  *M.  Tliat  if  there  are  vaso-motor  elements  which  decus- 
sate in  the  spinal  cord,  their  number  is  excessively  small.  2,  That  the  facts  observed  by 
IL  Schiff,  on  this  subject,  admit  of  a  more  simydo  exyUanation,  3.  That  a  number  of  the 
vaao-motor  elements  stop  in  the  spina!  cord.  4.  That  a  tolerably  large  number  of  vaso^ 
motor  elements,  coming  from  diffeient  f>oints  in  the  body,  ascend  as  far  as  the  tuber 
annulare,  and  some  as  far  as  the  cerebellum  and  to  other  parts  of  the  encephalon.  5. 
That,  consequently,  the  medulla  oblongata  is  not  the  sole  sonrce  of  the  vaso-motor  ele- 


740 


NERVOUS  SYSTEM. 


menta.*^    These  statements  express  pretty  much  all  that  we  know  of  the  on  gin  of 
vaso-motor  elements  and  their  decussation,  as  far  as  their  direct  action  is  concerned  ;  bd 
Bome  important  jioints  have  been  developed  bj  observations  upon  reflex  vjiso-inotor  pb« 
nomena^  involving  a  transmission  of  impressions  to  the  centres  throuj^h  the  nerrt*  i 
general  sensibility* 


Befhji  Phenomena  operating  through  the  Sf/mpnthetic  Si/stfm. — We  fihall  not  dli 
in  this  connection,  the  reflex  phenomena  of  secretion^  as  these  have  already  been  ec 
ered  with  suflicient  minuteneaa,  uor  again  treat  of  reflect  action,  through  the  ajmpathetic| 
upon  the  j^eneral  circolatory  system^  which  has  been  taken  up  fully  under  the  head  of  tht* 
depressor-nerve  of  the  circulation,  but  we  shall  here  describe  certain  reflex  acts,  itivolf* 
ing  vaso-niotor  phenomena^  which  we  thus  far  have  touched  upon  very  briefly. 

As  regard:^  animal  heat^  the  phenomena  of  which  are  intimately  cuunected  with  I 
flupply  of  blood  to  the  parts,  we  may  mention  the  observ*ations  of  Brown-Sequard  tmi 
Lombard,  who  found  that  pinching  of  the  skin  on  one  side  was  attended  with  n  dimina 
tlon  in  the  temperature  in  the  correisponding  njemher  of  the  opposite  side,  and  that  sonno*] 
times,  when  the  irritation  was  applied  to  the  upper  extremities,  changes  were  produce* 
in  the  temperature  of  the  lower  linibs.     Tholozan  and  Brown^S^quard  found,  also,  th 
lowering  the  temperature  of  one  hand  produced  a  considerable  de[)res^ion  in  the  heat  i 
the  other  hand,  without  any  notable  diminution  in  the  general  heat  of  the  body.     Brown- 1 
86quard  showed  that,  by  immersing  one  foot  in  water  at  41°  Fahr.,  the  temperature  of  tL 
other  foot  way  diminished  about  7°  Fahr.  in  the  course  of  eight  minutes,     Theso  I 
show  t!iat  certain  impressions  made  upon  the  sensory  nerves  aftect  the  animal  ha 
reflex  action.     As  section  of  the  sympathetic  filaments  increases  the  heat  in  par 
parta,  with  an  increase  in  the  supply  of  blood,  and  their  galvanization  reduces  the  qn 
tity  of  blood  and  diminishes  the  temperature,  it  is  reasonable  to  infer  that  the  reflex  action 
takes  place  throui*h  the  vaso-motor  nerves.     If  we  assume  that  the  impression  is  conveje 
to  the  centres  by  the  nerves  of  iceneral  sensibility,  and  that  the  vessels  are  modified  iai 
tlieir  caliber  and  the  heat  is  aflected  through  the  sympathetic  fibre-s,  we  have  otih  i^y 
determine  the  situation  of  the  centres  which  receive  the  impression  and  gcr 
atimulus.     These  centre.**,  as  we  have  already  seen,  are  not  situated  in  the  svf 
ganglia,  but  in  the  cerebro-spinal  axis. 

The  existence  of  vasomotor  nerves  and  their  connection  with  centres  in  the  rerebn 
spinal  axis  are  now  sufliciently  well  catahlished.     It  is  certain,  also,  that  ceotree  pre«idiof| 
over  particular  functions  may  be  distinctly  located,  as  the  genito-spinal  centre,  in  the  sjao 
cord  opposite  the  fourth  lumbar  vertebra,  and  the  cilio-spinal  centre,  in  the  cervical  re0»J 
of  the  cord,     A  stimuluj?  generated  in  these  centres,  sometimes  as  tlie  result  of  inipressiaiis" 
received  tlirough  tlie  nerve*  of  general  sensibility,  produces  contraction  of  the  non-!itr)Al*«l 
muscular  til>reg  of  the  iris,  vasa  deferentia,  etc,,  including  the  mui^cular  walls  of  the  bltHKl* 
vessels.    The  contraction  of  the  muscular  walls  of  the  vessels  is  tonic  ;  and,  when  thiirj 
nerves  are  divided,  relaxation  takes  place,  and  the  vessels  are  dilated  by  the  prcseore  «f  I 
blood.     By  this  action,  the  Irical  circulations  are  regulated  in  accordance  with  impre**iow  | 
made  upon  sensory  nerves,  the  physiological  requirements  of  certain  parts,  mental  emotk>D<r 
etc*     Secretion,  the  peristaltic  movements  of  the  alimentary  canal,  the  movctnents  nltU 
iris,  etc..  are  influenced  in  this  way.     This  action  is  also  illustrated  in  eases  of  refltff  pa- 
ralysis, in  intlammations  as  the  result  of  **  taking  cold,""  and  in  many  pathological  co0»li- 
tions,  of  which  it  is  not  our  province  to  treat.     The  facts  already  noted  with  rejjwilw 
th©  excit^motor  action  of  the  spinal  cord  in  the  fimctions  of  animal  life  have  their  awl- 
ogy  in  the  vaso-motor  reflex  system.     When  the  centres  are  destroyed,  when  ihe  •ciwt'O 
nerves  arc  paralyzed  by  anesthetics,  or  when  the  true  vaso-motor  nervc«  are  difW 
reflex  vaso-motor  action  is  abolished. 

The  vaso-motor  filaments  are  not  confined  to  the  branches  of  the  ftyinpathetic,  bo^ 
they  exist  as  well  in  the  ordinary  cerebro-ftpinal  nerves.    Bernard  has  demonstniti^  ^ 
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ia  tlie  most  conclumvo  manner.  He  dirided  the  fuortb,  fiflli,  sixth,  84)venth^  atxd 
eighth  pairs  of  lambur  nerves  on  one  aide  in  a  dog^  at  the  spinal  column,  and  paral]r2ed 
motion  and  sensation  in  the  leg  of  that  side,  btit  tlie  tomj^erature  of  the  two  sides  remained 
the  same.  He  afterward  exposed  and  divided  the  sciatic  nerve  on  that  side,  and  then 
noti'-d  a  decided  increase  of  temperature.  Tlii»  experiment^  which  is  onJy  one  of  a  large 
nnmber,  shows  concloiiively  that  the  ordinary  mixed  nerves  contain  vaso-njotor  fibres, 
vrhich  are  entirely  inde[)endent  of  the  nerves  of  motion  and  sensation,  a  fact  wliioh  is 
admitted  by  all  physiob^gii^ts  and  has  frequently  been  illustrated  in  oases  of  di^ase  in  the 
human  subject. 

It  only  remains  to  show  that  the  phenomena  following  section  of  the  sympathetic  in 
animals  are  illustrated  in  certsdn  cases  of  disease  or  injury  in  the  human  subject  It  is 
exoeaaively  rare  to  observe  traimiatic  injury  confined  to  the  sympathetic  in  the  neck.  A 
iiogle  case,  however,  apparently  of  this  kind,  has  lutely  been  reported  by  Mitchell.  A 
man  received  a  gunshot-wound  in  the  neck.  Among  the  phenomena  observed  a  few 
weeks  after,  were,  contraction  of  the  pupil  on  tho  side  of  the  injury,  and,  after  exercise^ 
flashing  of  the  faro  upon  that  side.  There  was  no  did\?renco  in  the  temperature  npon 
the  two  sides,  during  repose,  but  no  thermonvetric  observations  were  made  when  half  of 
tho  fftco  wjis  flushed  l>y  exercise.  Dr.  Bartholow  has  reported  several  cases  of  uniJateral 
sweating  of  the  head  (two  observed  by  himself),  in  several  of  which  tJiere  was  probably 
compression  of  the  sympathetic  from  aneurism.  In  those  cases  in  which  the  condition 
of  the  eye  was  observed,  the  pupil  was  found  contracted  in  some  and  dilated  in  others. 
In  none  of  these  cases  were  there  any  at^curate  thermometric  observations.  In  a  series 
of  observations  by  AVagriiT,  upon  the  head  of  a  woman,  eighteen  minutes  after  decapita- 
tion, poworfid  galvanization  of  the  sympathetic  produced  great  enlargement  of  the  pupiL 
In  such  a  caso  as  this,  it  would  not  be  possible  to  make  any  observations  on  the  inBuence 
of  tli^  fivmiiriflu  tic  ll[>on  the  tcinptriUiire. 


Trophic  Centres  and  Serves  (*a  called). 

We  have  deferred  tho  consideration  of  the  so-called  trophic  nerree  nntil  we  had 
treated  of  the  fnnetiony  of  the  sjnipatlietie  system,  because  the  vaao-motor  nerves,  by 
th*«ir  inHaence  npon  tho  circulation,  are  evidently  connected  with  the  phenomena  of 
nutrition.  It  Is  not  necessary  to  dwell  very  minutely  upon  this  point;  but  oases  of 
disease,  as  well  as  experiments  upon  the  inferior  animals,  show  that,  when  a  muscle  is 
parftty2e«l,  as  a  result  of  the  abolition  of  nervous  influence  and  consequent  disease,  it 
lMH?omcs  atrophied,  its  fibres  lose  their  characteristic  structure  and  finally  become  inca- 
pable of  contracting  under  a  stimulus.  As  we  have  seen  that  the  cerebro- spinal 
nerves,  in  addition  to  Uioir  motor  and  sensory  fibres,  contain  vaso-motor  elements,  it 
biecomes  a  question  wiiether  the  muscles  be  su[>plied  with  special  nervei^ — aside  from  those 
of  motion  and  sensation  and  the  vaso-motor  nerves— which  preside  over  their  nntrition. 
Bnch  could  properly  be  called  trophic  nerves.  Many  pathologists,  relying  npon  the 
presence  of  certain  lesions  of  cells  in  the  cord,  in  connection  with  crises  of  progressive 
madotilar  atrophy,  admit  the  existence  of  trophic  cells  and  nerves.  It  must  be  admitted, 
however,  tliat  these  views  rest  upon  pathological  facts  alone  and  have  not  been  demon- 
itraied  by  physiological  experiments  or  observations. 

After  w  hat  we  have  said,  it  is  evident  that  proper  nutrition  of  the  muscular  system 
depends  upon  its  exercise  and  the  integrity  of  its  motor  nerves.  In  the  second  place,  the 
history  of  monsters  shows  that  the  mnscnlar  pystem  may  be  developed  independently  of 
the  oerebro-spinal  centres.  In  the  admirable  work  of  Brachet,  upon  the  ganglionic  system, 
numerous  casee  of  anencephalic  monsters  are  detailed,  in  which  the  mnscntar  system  waa 
found  more  or  less  perfectly  developed.  In  some  of  these,  the  fcrtns  was  delivered  at 
term  and  lived  for  several  honr^.  When  we  consider  the  great  number  of  cases  of  this 
Und  on  record,  a  few  of  which  only  arc  cited  by  Brachet,  it  is  evident  that  the  cerebro- 
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spinal  centres  are  not  absolutely  necessary  to  development  in  uUro,    Some  of  the  cases 
reported  presented  spasmodic  movements  of  certain  muscles. 

While  it  is  certain  that  a  foetus  may  become  developed  in  nteroy  when  there  is  reason 
to  suppose  that  the  cerebro-spinal  influence  is  wanting  and  the  chief  nervous  operatioiiB 
are  effected  through  the  ganglionic  system,  direct  experiments  upon  the  sympathetio  in 
animals  do  not  positively  show  any  influence  upon  nutrition,  except  as  this  system  of 
nerves  affects  the  supply  of  blood  to  the  parts.  When  we  divide  a  sympathetic  nerve, 
there  is  an  apparent  exaggeration  of  the  nutritive  processes  in  particular  parts,  and  there 
may  be  inflammatory  phenomena,  but  atrophy  of  muscles  is  not  observed.  Indeed,  we 
only  have  atrophy  of  muscles  following  division  of  cerebro-spinal  nerves,  or,  as  recently- 
observed  cases  of  disease  have  shown,  after  disorganization  of  cells  belonging  to  what  we 
recognize  as  motor  centres.  As  regards  the  latter  condition,  there  can  be  no  doubt  of 
the  fact  that  progressive  muscular  atrophy  is  attended  with  disorganization  of  certain  of 
the  motor  cells  of  the  spinal  cord. 

Without  fully  discussing  this  subject,  which  belongs  to  pathology,  the  facts  may  be 
briefly  stated  as  follows :  We  may  have  progressive  atrophy  of  certain  muscles,  which 
may  be  uncomplicated  with  paralysis  except  in  so  far  as  there  is  weakness  of  these  mus- 
cles, due  to  partial  and  progressive  destruction  of  tlieir  contractile  elements.  The  cmly 
pathological  condition  in  these  cases,  aside  from  the  changes  in  the  muscular  tissue,  is 
destruction  of  certain  cells  in  the  antero-lateral  portions  of  the  cord,  with  more  or  lea 
atrophy  of  the  corresponding  anterior  roots  of  the  nerves.  No  one  has  pretended  to 
have  demonstrated  cells  in  the  cord,  presenting  anatomical  peculiarities  by  which  they 
may  bo  distinguished  from  the  ordinary  motor  or  sensory  elements,  but  the  fact  of  the 
degeneration  of  certain  cells,  others  remaining  normal,  and  this  fact  alone,  has  led  to  the 
distinction,  by  certain  writers,  of  trophic  cells ;  and,  of  course,  these  must  be  connected 
with  the  muscles  by  trophic  nerves. 

We  shall  now  study  the  phenomena  of  progressive  muscular  atrophy  from  a  physio- 
logical point  of  view,  and  see  if  tliey  aflurd  any  positive  evidence  of  the  existence  of 
special  cells  and  nerves  presiding  over  the  nutrition  of  the  muscular  system,  or  whether 
the  phenomena  observed  cannot  he  explained  by  the  i)artial  degeneration  of  the  ordinary 
motor  cells  and  nerves. 

There  can  be  no  doubt  of  the  fact  that  the  cells  of  the  antcro-hiteral  columns  of  the 
spinal  cord  preside  over  motion,  and  that  the  stimulus  generated  in  these  cells  is  con- 
veyed to  the  muscles  by  the  anterior  roots  of  the  spinal  nerves.  It  is  a  fact,  no  k-as 
definite,  that,  when  a  muscle  or  a  part  of  a  muscle  is  deprived  of  the  motor  t^timulushj 
which  it  is  brought  into  action,  its  fibres  atrophy,  become  altered  in  structure,  and  lose 
their  contractility.  Starting  with  these  two  well-defined  physiological  propositions,  aad 
assuming  that  a  few  of  the  ordinary  motor  cells  of  the  cord  are  destroyed — we  will  not 
call  them  trophic  colls — what  are  the  phenomena  to  be  expected  as  a  consequence  of 
such  a  lesion  ?  Keasoning  from  what  we  know  of  the  i)hysiology  of  the  nervous  system, 
we  should  expect  to  find  the  following  conditions : 

The  destruction  of  certain  motor  nerve-cells  would  certainly  produce  degeneration  of 
the  fibres  to  which  they  give  origin.  This  has  been  observed ;  for,  in  this  condition,  the 
anterior  roots  arising  from  the  diseased  portions  of  the  cord  are  atrophied.  This  occurs 
when  any  motor  nerves  are  separated  from  their  cells  of  origin,  and  it  involves  no  neces- 
sity of  assuming  the  existence  of  special  troj)hic  cells  or  nerves. 

If  a  few  of  the  motor  cells  be  affected  with  disease,  and  if  the  degeneration  be  praduAl 
and  progressive,  we  should  expect  progressive  and  partial  j)araly8is  of  the  muscles  to 
which  their  nerves  are  distributed.  Tills  paralysis,  confined  to  a  limited  number  of 
fibres  of  particular  muscles  or  sets  of  muscles,  would  give  the  idea  of  progressive  weak- 
ening of  the  muscles,  and  the  phenomena  would  not  be  those  observed  in  coniplc^^ 
paralysis  produced  by  section  of  the  motor  nerves.  These  are  precisely  the  phenom^^* 
observed  in  progressive  muscular  atrophy,  preceding  the  paralysis  which  is  the  fi^^ 
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result  of  the  disease;  and  these  do  not  involve  the  action  of  any  special  centres  or 
nerves. 

As  regards  the  muscular  atrophy  itself,  if  the  nervous  stimulus  be  progressively  de- 
stroyed, the  muscular  tissue  will  necessarily  undergo  progressive  degeneration  and 
atrophy. 

"With  the  above  considerations,  wo  leave  the  trophic  cells  and  nerves  to  the  patholo- 
gist ;  and  wo  can  only  admit  the  existence  of  centres  and  nerves  specially  and  directly  in- 
fluencing the  nutrition  of  the  muscular  system,  when  it  has  been  demonstrated  that  there 
are  lesions  of  particular  structures  in  the  nervous  system,  which  produce  phenomena  that 
cannot  be  explained  by  our  knowledge  of  the  action  of  ordinary  motor  and  sensory  nerves 
and  of  the  vaso-motor  system. 

"We  have  thus  endeavored  to  represent  what  is  actually  known  concerning  the  sym- 
pathetic system,  but  it  is  evident  that  we  have  much  to  learn  with  regai'd  to  its  physi- 
ology. The  great  sympathetic  ganglia  may  have  functions  of  which  we  have  no  definite 
idea ;  and  we  are  better  prepared  to  advance  onr  knowledge  in  this  direction,  by  admit- 
ting our  ignorance,  than  by  attempting  to  supply  the  deficiencies  in  our  positive  infor- 
mation by  theories  unsupported  by  facts. 

Sleep. 

When  we  remember  that  about  one-third  of  our  existence  is  passed  in  sleep,  and  that, 
at  this  time,  voluntary  motion,  sensation,  the  special  senses,  and  various  of  the  functions 
of  the  organism,  are  greatly  modified,  the  importance  of  a  physiological  study  of  this 
condition  is  suflSciently  apparent.  The  subject  of  sleep  is  most  appropriately  considered 
in  connection  with  the  nervous  system,  for  the  reason  that  the  most  important  modifica- 
tions in  function  are  observed  in  the  cerebro-spinal  axis  and  nerves.  Repose  is  as  neces- 
sary to  the  nutrition  of  the  muscular  system  as  proper  exercise  ;  but  repose  of  the  mus- 
cles relieves  the  fatigue  due  to  exercise,  without  sleep.  It  is  true  that,  after  violent  and 
prolonged  exertion,  there  is  frequently  a  desire  for  sleep,  but  simple  repose  will  often 
restore  the  muscular  power.  After  the  most  violent  efibrt,  a  renewal  of  muscular  vigor 
is  most  easily  and  completely  effected  by  rest  without  sleep,  a  fact  familiar  to  all  who  are 
accustomed  to  athletic  exercises.  The  glands  engaged  in  the  production  of  the  true  secre- 
tions need  certain  intervals  of  repose  ;  but  this  does  not  necessarily  involve  sleep.  After 
prolonged  and  severe  mental  exertion,  however,  or  after  long-continued  muscular  effort 
which  involves  an  excessive  expenditure  of  the  so-called  nerve-force,  sleep  becomes  an 
imperative  necessity.  If  the  nervous  system  be  not  abnormally  excited  by  effort,  sleep 
follows  moderate  exertion  as  a  natural  consequence,  and  it  is  the  only  physiological  means 
of  complete  restoration ;  but  the  two  most  important  muscular  acts,  viz.,  those  con- 
cerned in  circulation  and  respiration,  are  never  completely  arrested,  sleeping  or  waking, 
although  they  undergo  certain  modifications. 

In  infancy  and  youth,  when  the  organism  is  in  process  of  development,  sleep  is  more 
important  than  in  adult  life  or  old  age.  The  infant  does  little  but  sleep,  eat,  and  digest. 
In  adult  life,  under  perfectly  physiological  conditions,  we  require  about  eight  hours  of 
sleep ;  some  persons  need  less,  but  very  few  require  more.  In  old  age,  unless  after 
extraordinary  exertion,  less  sleep  is  required  than  in  adult  life.  Each  individual  learns 
by  experience  how  much  sleep  is  necessary  for  perfect  health,  and  there  is  nothing  which 
morQ  completely  incapacitates  one  for  mental  or  muscular  effort,  especially  the  former, 
than  loss  of  rest. 

Sleeplessness  is  one  of  the  most  important  of  the  predisposing  causes  of  certain  forms 
of  brain-disease,  a  fact  which  is  well  recognized  by  practical  physicians.  One  of  the 
most  refined  and  exquisite  methods  of  torture  is  long-continued  deprivation  of  sleep ;  and 
persons  have  been  known  to  sleep  when  subjected  to  acutely  painful  impressions.  Severe 
muscular  eflfort,  even,  may  be  continued  during  sleep.    In  forced  marches,  regiments  have 
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been  known  to  sleep  while  walking ;  mcsn  hare  slept  Bonndlj  in  the  saddle  ;  persons  will 
sometimes  sleep  daring  the  din  of  battle ;  iind  other  instances  illustrating-  the  impeinti? 
demand  for  sleep  alter  proloagi^d  vigilance  might  he  cited.    It  is  r<?markable,  also,  hoir' 
noises  to  which  we  Lave  become  accustomed  may  fail  to  disturb  oiir  natural  rest,     Tboic 
who  have  been  lung  habituated  to  the  endless  noise  of  a  crowded  citj  frequently  find 
difficaltj  in  sleeping  in  the  oppressive  stillness  of  the  country.     We  muj»t  have  elet-pi 
and  this  demand  iii  so  imperious,  that  we  soon  accommodate  ourselves  to  the  most  onJ 
favorable  surrounding  conditions.     It  is  remarkable^  also,  that  prolonged  c.Tpo^are  t^l 
intense  cold  induces  excessive  somnolence,  and,  if  this  he  not  resisted^  the  sleep  pas8c<3 
into  stupor,  the  power  of  resistance  to  cold  becomes  rxipidly  diminished,  and  death  is  tLa»j 
mevitable  result.     Intense  heat  often  produces  drowsiness,  but,  as  is  well  known,  is  no 
favorable  to  natural  sleep.     We  generally  sleep  less  in  summer  than  in  winter,  though  ifl 
summer,  perhaps,  we  are  less  capable  of  protracted  mental  and  physical  exertion. 

Sleep  b  preceded  by  an  indescribable  feeling  of  drowsiness,  on  indisposition  to  roc 
or  physical  exertion,  and  a  general  rela.vation  of  the  muscular  system.     It  then  reipiiret^ 
a  decided  effort  to  keep  awake ;  and,  if  we  yield  to  the  soporific  tendency*  the  voluntary 
muscles  cease  to  act,  tlie  lids  are  closed,  we  cease  to  appreciate  the  ordinary  impre^ooi 
of  sound,  and  we  sometimes  pass  into  a  dreamless  coDdition,  in  which  we  1  wl-i 

edge  of  existence.     Wo  say  sometimes,  because  the  mind  is  not  generally  ii  irinif 

what  we  may  regard  as  normal  sleep.     We  may  have  dreams  which  aro  not  due,  m  far 
as  can  bo  ascertained,  to  impressions  from  the  external  world  receive<l  during  sleep. 
Ideas  in  the  form  of  dreams  may  be  generated  in  the  brain  from  impressions  prerioQAtfl 
received  while  awake,  or  trains  of  thought  may  be  gradually  extended  from  the  moment*  ^ 
immediately  precedin^^  sleep  into  the  insensible  condition. 

There  may  be,  during  sleep,  mental  operations  of  which  we  have  no  c<  t  — *  or  J 

recollection,  unconscious  cerebration,  as  it  is  called  by  Carpenter.    It  is  w«  thnt ' 

we  vividly  remember  dreams  immediately  on  awakening,  but  thnt  the  r 
them  rapidly  fades  away,  unless  they  be  brought  to  mind  by  an  etloi  t  to  j  > 
relate  them.     Whatever  be  the  condition  of  the  mind  in  sleep,  if  Ibe  sleep  be  normal, 
there  is  a  condition  of  repose  of  the  cerebro-spinal  system  and  an  absence  of  volu]itif|j 
effort,  which  restore  the  capacity  for  mental  and  physical  exertion. 

The  impressionability  and  the  activity  of  the  human  mind  are  so  great,  most  of  Cljt| 
animal  functions  are  so  subordinate  to  its  influence,  and  we  are  so  sul*ject  to  wnusiml 
mental  conditions,  that  it  is  difficult  to  determine  with  exactness  the  plicnomena  of  sl*:«p^ 
that  are  abRohitely  pbyRiological,  and  to  separate  those  that  arc  slightly  abnormjd.     Wd  ^ 
cannot  assert,  for  example,  that  a  dreamless  sleep,  in  which  our  existence  is,  as  it  wcf«^ 
a  blank,  is  the  only  normal  condition  of  repose  of  the  system;  nor  can  w©  det«rmin» 
what  dreams  are  due  to  previous  trains  of  thought,  to  impressions  from  th©  ext^r&aJ  i 
world  received  during  sleep,  and  are  purely  physiological^  and  what  are  due  to  abnormal 
nervous  influence,  disordered  digestion,  etc.     W^e  may  assume  tliat  an  eolireij  refi'eahi&f 
sleep  is  nonual,  and  that  Is  all. 

That  reflex  ideas  originate  during  sleep,  a^  the  result  of  external  inipreasions,  tliew 
can  be  no  doubt;  and  we  have  already  alluded  to  this  point  under  the  head  of  rtjflei 
action.  The  most  remarkable  experiments  upon  the  production  of  dreams  of  a  defiaiti? 
character,  by  subjecting  a  perm.m  during  sleep  to  peculiar  influences,  are  those  of  Maury* 
The  hallucinations  produced  in  this  way  are  called  hypnagogic,  and  they  occur  whao 
the  subject  is  not  in  a  condition  favorable  to  sound  sleep.  The  experiments  taaiie  1^ 
Maury  upon  himself  are  so  curioua  and  interesting,  that  we  quote  the  most  strikjDjrof 
them  in  full : 

FiBsT  Orsebvatiox. — "I  was  tickled  with  a  feather  successively  on  tht  Uj»§  iii"^ 
inside  of  the  nostrihi.  I  dreamed  that  I  was  subjected  to  a  horrible  punishment,  tbftt  i 
mask  of  pitch  was  applied  to  my  face,  and  then  roughly  torn  oft  tearing  tlie  skin  of  tli*' 
lips,  the  nose,  and  the  face. 
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Obsebtatiok, — ^*  A  pair  of  pincers  is  held  at  a  little  distance  from  mjr  ear, 
and  mbbeti  with  a  steel  scissorB.  I  dreaiued  tlmt  1  heanl  the  riiigiuj^  q(  btills ;  tliis  goon 
became  the  tocBin^  and  I  imagined  myself  in  the  days  of  Jane,  1B48, 

TmKt»  OBtt£«vATiON. — **  I  was  caused  to  iuliale  Cologne- water.  I  dream  that  I  am 
in  ft  p<>rfumer'9  Bhop»  and  the  idea  of  perfumes  doubtless  awakens  the  idea  of  the  Ea^t :  I 
aro  in  Cairo,  in  the  Jiliop  of  Jean  Farina.  Many  extravagant  adventures  follow,  the  eoa« 
nection  of  whiob  escapes  me, 

FouBTH  OfifiEEVATioN. — **  I  am  caused  to  smell  a  burning  match.  I  dream  that  I  am 
at  «i6a  (remark  that  tho  wind  was  then  blowing  in  through  the  windows),  and  ttiat  the 
Saint- Bar  be  blew  up. 

FiFTO  Obskhvatiok. — "  I  am  slightly  pinched  on  the  nape  of  the  neck.  I  dream  that 
a  bliator  \s  applied,  which  recalls  the  recollection  of  a  physician  who  had  treated  me  in 
my  infancy, 

BiXTii  OBafERVATioN. — ''  A  piecc  of  hot  iron  i^  held  to  my  face,  keeping  it  far  enough 
removed,  -^o  that  the  sensation  of  heat  shoidd  be  slight.  I  dream  of  chauffeurBy  who  enter 
houses  and  (KiVQc  the  inmntes,  by  putting  their  feet  to  the  fire,  to  reveal  where  their  money 
was.  The  idwi  lA'  the  c/uiutfeun  immediately  suggests  that  of  the  Duchess  d^ibrantes, 
who,  I  suppose  in  my  dream,  has  taken  me  as  secretary.  I  had,  indeed,  long  ago  read  in 
the  memoiri*  of  this  intelligent  woman  certain  details  concerning  the  chauffeurs, 

SKVENTn  Observation. — **  The  word  para/ngaramut  is  pronounced  in  my  car.  1  hear 
nothing,  and  awake,  having  had  rather  a  vague  dream.  The  experiment  is  repeated 
when  1  am  asleep  in  my  bed,  and  the  word  maman  is  pronounced  many  times  in  sue* 
Ct26»ion.  I  drcimi  of  different  tilings,  but  in  this  dream  I  heard  the  humming  of  beoa. 
The  dame  experiment,  repeated  several  days  after,  when  I  was  scarcely  aiileep,  was  more 
conclusive.  The  words  Asor,  Ca^tor^  Leonore,  were  jirotiouneed  in  my  ear ;  on  awaking, 
[  recollected  that  I  bad  heard  the  ]a*t  tw^o  words,  which  I  attributed  to  one  of  the  per- 
sons who  had  conversed  with  me  in  my  dream. 

*  Another  experiment  of  the  same  kind  likewise  showed  that  the  sound  of  the  word, 
not  tlm  idea  attached  to  it,  had  been  perceived.  The  words  chanddle^  huruhUe^ 
were  pronounced  in  my  ear  many  times  in  succession.  I  awoke  suddenly  of  my  own 
accord,  saying,  c€st  die.  It  was  impossible  for  mo  to  recall  what  idea  I  attached  to  this 
answer. 

EirtHTii  Obskiivation, — **  A  drop  of  water  is  allowed  to  fall  on  ray  forehead.  I  dream 
that  1  am  in  Italy,  that  I  am  very  warm,  and  that  I  am  drinking  the  w  ine  of  Orviette. 

NiJrra  OnsEKVATiox. — **  A  light,*surrounded  with  a  re<l  paper,  ia  many  times  in  sue- 
oeKiOQ  parsed  before  my  eyes.  I  dream  of  a  tempest  of  lightning,  and  all  the  remem- 
braDC4)  of  a  violent  storm  which  I  had  encotuitered  in  ttic  English  Ch/mnel,  in  going  from 
MorloU  to  IlaFre,  is  present  iu  ruy  mind/' 

As  regards  dreams  due  to  external  impresMons,  it  is  a  curious  fact,  which  has  been 
noted  by  many  observers  and  is  one  which  accords  with  the  personal  experience  of  all  who 
hare  reflected  upon  the  subject,  that  trains  of  thought  and  imaginary  events,  which  seem 
to  poaa  over  a  long  period  of  time  iu  our  dreams,  actually  occur  in  the  brain  within  a  few 
Beeonda,  A  person  is  awakened  by  a  certain  impression,  which  undoubtedly  gives  rise 
to  a  dream  that  seems  to  occupy  hours  or  days,  and  yet  the  period  of  time  between  tlio 
inipressioo  and  the  awakening  is  hardly  more  than  a  few  seconds ;  and  persons  will  drop 
ulcep  for  a  very  few  minutes,  and  yet  have  dreams  with  the  most  elaborate  details  and 
tt|jparentiy  of  great  length.  It  is  unnecessary  to  cite  the  numerous  accounts  of  literary 
eompositions  of  merit,  the  working  out  of  dillieult  mathematical  problems  in  dreams,  etc., 
*orne  of  w  hich  are  undoubtedly  accurate.  If  it  be  true,  that  the  mind  is  capable  of  form- 
i^J consecutive  ideas  during  sleep— which  cim  hardly  be  doubted — there  is  no  good  reason 
^hj  thene  phenomena  should  not  occur,  and  the  thoughts  should  not  be  remembered  and 
Oot4ijd  immediately  ou  awakening.  In  most  dreams,  however,  the  mind  is  hardly  in  a 
idition,  and  the  brain  generally  loses  the  power  of  concentration  and  of  accu- 
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rate  reasoning.  We  sometimes  commit  atrocious  crimes  in  oar  dreams,  withont  appre- 
ciating their  enormity,  and  we  are  often  placed  in  the  most  absurd  and  impossible  condi- 
tions, without  any  idea,  at  the  time,  of  their  extraordinary  and  unnatural  character. 
This  is  a  fact  sufficiently  familiar  to  every  one  and  is  one  which  does  not  admit  of  sati^ 
factory  explanation. 

We  have  made  no  attempt  to  offer  an  explanation  of  the  curious  psychological  phe- 
nomena presented  during  sleep,  and,  indeed,  we  know  little  enough  of  the  action  of  the 
mind  at  any  time;  but  wc  have  merely  given  the  above  as  examples  of  what  we  may  call 
reflex  mental  phenomena.  Somnambulism,  general  anaesthesia,  sleep  from  hypnotics,  the 
so-called  magnetic  sleep,  ecstasy,  catalepsy,  trance,  etc.,  are  abnormal  conditions,  whidi 
we  shall  only  consider  in  so  far  as  they  resemble  natural  sleep. 

Co7idi'tion  of  the  Brain  and  Nervous  System  during  Sleep, 

As  we  have  already  seen,  during  sleep,  the  brain  may  be  in  a  condition  of  absolute 
repose — at  least,  as  far  as  we  have  any  subjective  knowledge  of  mental  operations— or  we 
may  have  more  or  less  connected  trains  of  thought.  There  is,  also,  as  a  rule,  absence  of 
voluntary  effort,  although  movements  may  be  made  to  relieve  discomfort  from  position  or 
external  irritation,  without  awakening.  The  sensory  nerves  retain  their  propertici^ 
although  the  general  sensibility  is  somewhat  blunted ;  and  the  same  may  be  said  of  the 
special  souses  of  hearing,  smell,  and  probably  of  taste.  The  peculiar  dreams  induced 
in  the  case  of  Maury  by  red  lights  show  that  the  sense  of  sight  is  not  entirely  lost 
There  is  every  reason  to  believe,  however,  that  the  functions  of  the  sympathetic  system 
are  not  disturbed  or  affected  by  sleep,  if  we  except  the  action  of  the  vaso-motor  nerres 
upon  the  circulation  in  the  brain. 

Two  opposite  theories  have  long  been  in  vogue  with  regard  to  the  immediate  caiwe 
of  sleep.  In  one,  this  condition  is  attributed  to  venous  congestion  and  increased  press?iire 
of  blood  in  the  brain,  and  this  view  i»robably  had  its  origin  in  the  fact  that  cerebral 
congestion  induces  stupor  or  coma.  Stupor  and  coma,  however,  are  entirely  distinct 
from  natural  sleep;  for  here,  the  functions  of  the  brain  are  suspended,  there  is  no  cc*- 
sciousness,  no  dreaming,  and  the  condition  is  manifestly  abnormal.  In  animals  rcnderetl 
comatose  by  o])iuni,  the  brain  may  be  exposed  and  is  found  deeply  congested  with  venoos 
blood.  The  same  condition  often  obtains  in  profound  annesthesia  from  chlorotonu,  but  a 
state  of  the  brain  very  nearly  reseniblintr  nf)nnal  sleep  is  observed  in  anaesthesia  from 
ether.  These  facts  have  been  j)ositively  demonstrated  by  experiments  upon  livinjr  ani- 
mals, and  have  been  observed  in  the  human  subject,  in  cases  of  injury  of  the  head. 
When  opium  is  administered  in  large  doses,  the  brain  is  congested  during  the  conditioo 
of  stupor  or  coma,  but  this  congestion  is  relieved  when  the  animal  passes,  as  w^metimw 
happens,  from  the  effects  of  the  agent  into  a  natural  sleep.  In  view  of  these  facts  and 
others  which  will  be  stated  hereafter,  it  is  unnecessary  to  discuss  the  theory  that  dwp 
is  attended  with  or  is  produced  by  congestion  of  the  cerebral  vessels. 

The  idea  that  the  circulation  in  the  brain  is  diminished  during  sleep  has  long  been 
entertained  by  certain  physiologists;  but,  until  within  a  few  years,  it  has  rested  chiefly 
upon  theoretical  considerations. 

Passing  over  arguments  by  the  older  writers  for  and  against  this  theory  of  sleep,  ve 
come  to  the  researches  of  Durham,  in  1860,  in  which  it  seemed  to  be  demonstrated  that 
the  supply  of  blood  to  the  brain  is  always  greatly  diminished  during  sleep.  These  experi- 
ments were  made  upon  dogs.  A  piece  of  the  skull,  about  the  size  of  a  shilling,  was 
removed  with  a  trephine,  and  a  watch-glass  was  accurately  fitted  to  the  oj^cning  and 
cemented  at  the  edges  with  Canada  balsam.  When  the  animals  operated  upon  in  thi» 
way  were  awake,  the  vessels  of  the  pia  mater  were  seen  moderately  distended,  and  the 
circulation  was  active ;  but,  during  perfectly  natural  sleep,  the  brain  retracted  andbecaD>e 
pale.     *'  The  contrast  between  the  appearances  of  the  brain  during  its  period  of  foD^ 
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Jioiml  activity  and  during  its  stato  of  repose  or  9lc*ep  wm  moni  remarkable.**  There 
be  bardly  any  doubly  frr>m  these  experiments,  thut  the  circulutioti  iu  ttio  corcbrul 
libstanco  i:*  more  active  when  we  are  awake  thjin  during'  &lee[};  but  the  tjuestian  has 
been  raised  by  Dr.  C'apj)ie,  in  a  very  interesting  little  work  upun  the  ciiUHiitiou  at'  sleep, 
whether,  during  a  state  of  diminished  activity  of  the  cnpUlary  crreulation  in  Ihi^  brain- 
mbataDoe,  the  veins  be  not  congeBted,  and  t^ieep  bo  lUirneLliutely  due  to  pressure  from 
the*©  distended  vessels  on  the  gray  matter*  Thii*  point  h  one  very  difficult  to  decide, 
and  it  htu$  not  been  luado  the  suliject  of  experimental  inquiry.  Dr.  Ciippie  accopta^  in 
the  maiu^  the  experiuients  of  Durham  as  accurate,  but  he  regards  hia  observations  m  ap- 
plying only  to  the  circuhition  io  the  arteries  and  capillaries.  His  view  is  Uuit,  when  tl^ie 
oapillaj-y  circulation  in  the  brain-eubstance  is  dltniniahed  in  sleep,  the  nervous  matter  ia 
more  or  leas  collapsed,  and  that  the  veins  ore  necessarily  congested.  At  present,  how- 
fcrcr,  we  can  only  accept  the  experimental  results  of  Durham,  that  the  circulation  in  the 
brain  U  notably  diminished  in  sleep. 

The  influcnoe  of  diminished  supply  of  blood  to  the  brain  haa  been  illustrated  by  com* 
prcssion  of  both  carotid  arteries.  In  an  experiment  performed  upon  his  own  ]»eraon,  Dr, 
Fleiuing  produced  immediate  and  profound  sleep  in  this  way,  and  this  result  invariably 
foUuwed  in  subsequent  trials  upon  himself  and  others.  We  have,  however,  the  obaerva- 
tiona  v(  Waller,  who  produced  anffifsthesia  in  patients  by  preitsure  upon  botli  pneutnogas- 
tric  ncrvei ;  but  the  nerves  are  so  near  the  carotid  arteries  that  they  could  hardly  be 
oompresied,  in  the  human  subject,  without  ]ntei*feriug  with  the  current  of  blood,  and 
tucb  experiments  do  not  positively  show  whether  the  lose  of  flenaibility  be  due  to 
pressure  upon  the  nerves  or  upon  the  vessels.  In  some  rare  cases,  in  which  botli  carotid 
artciries  have  been  ligatured  in  the  human  subject,  it  bm  been  stated  that  there  is  an 
imusual  drowsiness  following  the  necessary  diminution  in  the  activity  of  tlie  cerebral 
circttlation;  but  this  result  is  by  no  means  constant,  and  the  morbid  conditions  in- 
folving  m  serious  an  operation  are  usually  such  aa  to  interfere  with  their  value  aa  facts 
bearing  upon  the  question  under  consideration.  Aa  far  as  the  human  subject  is  concemod, 
th9  most  important  fact*  are  the  results  of  compression  of  both  carotids  in  healthy  per- 
•ons.  These,  as  well  as  experiment's  on  animals,  all  go  to  show  that  the  supply  of  blood 
to  the  brain  ia  very  much  diminished  during  natural  sleep,  and  thut  sleep  may  be  induced 
by  ,:  the  cerebral  circulation  I »y  compressing  the  vessels  of  sniqdy.     When  the 

e>r  IS  interfered  with  by  compressing  the  veins,  congctttion  is  the  result,  and  we 

hui  I  -;  ii|mt  or  coma. 

h  diLLiinished  How  of  blood  through  the  cerebral  vessels  be  the  c.inse  of  natural  sleep. 
It  hecomca  important  to  iuquire  how  this  condition  of  phyeiological  anaemia  is  brought 
aUotiL  It  must  bo  that,  when  the  system  requires  sleep,  the  vessels  of  the  brain  contriust 
in  obedience  to  a  stimulus  received  through  the  sympathetic  system  of  nerves,  diminisb- 
iag  the  supply  of  blood,  here,  as  in  other  parts  under  varied  physiological  conditions. 
The  ve*a«>lft  of  the  brain  are  pro\ided  with  vasomotor  nerves,  and  it  is  sufficient  to  have 
E  he  arteries  are  contracted  during  sleep,  the  mechanism  of  this  action  being 

^\ '  inhed  by  observations  upon  other  parts  of  the  circulatory  system.    Contraction 

of  the  vosscb  of  the  pia  mater  has  been  observed,  although  there  ia  aome  discusaion  with 
regard  to  it«  exciting  cause. 

It  must  be  acknowledged  that  wo  know  but  little  of  the  intimate  nature  of  the  pro- 
of nutrition  of  the  bruin  daring  it^  functional  activity  and  in  repose;  but  there 

I  ba  no  doubt  of  the  fact  that  there  ts  more  or  less  cerebral  action  at  all  times  when 

"^e  ar«  awake.    Although  the  mental  processes  are  much  less  active  during  sleep,  even  at 

this  time,  the  operutions  of  the  bruin  arc  not  always  suspended.    It  is  equally  well  e*?iab- 

li*(hed,  that  exercise  of  the  l>rain  is  attended  with  physiological  waste  of  nervous  siih- 

ttmice^  and,  like  other  p.irts  of  the  organi**m,  its  tissue  requires  periodic  repose  to  allow 

the  regenenition  of  the  substance  consume<l.     Analogies  to  this  are  to  be  found  in 
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after  exertioo,  and  tbe  glands,  wben  not  actively  engaged  in  diacharging  their  secretk 
present  int4?rvals  of  re^L     As  regards  the  glands,  during  tbe  intervals  of  repose,  tlie  m^ 
ply  of  blood  to  their  tissno  ia  very  much  diminished.     It  is  probable,  also,  iLal  the  ftiti»4 
cks  in  action  receive  more  blood  than  during  rest;  but  it  is  mainly  when  these  parte  iC>? 
not  active,  and  when  the  supply  of  blood  is  smallest,  that  tbe  proceascs  of  regcncrstiQ 
of  tissue  seem  to  be  most  cfficieot.    As  a  rules  the  functional  activity  of  part&,  n  hilts  it  I 
attended  with  an  increased  supply  of  blood,  is  a  condition  more  or  lesss  opposed  t** 
process  of  rt?pair,  tbe  hyperemia  beings  apparently^  a  necessity  for  the  marked 
powerful  manifestations  of  their  peculiar  functions.     W'heu  the  parts  are  in  active  funo 
tion^  the  blood  seems  to  be  required  to  keep  at  the  proper  standard  the  so^caUed  trri 
tability  of  the  tissues  and  to  increase  their  power  of  action  under  proi>er  stiinuluikl 
Exercise  increases  the  power  of  regeneration  and  favors  full  development,  in  tlie  rep 
which  foUows ;  but,  during  rest,  the  tissues  have  time  to  appropriate  new  matter,  aui 
this  does  not  seem  to  involve  a  large  supply  of  blood.     A  muscle  is  exhausted  by  pro 
longed  exertion ;  and  tlie  large  quantity  of  blood  passing  through  it  carries  away  carkiai^ 
acid,  urea,  and  other  products  of  disassimilation,  which  are  all  increased  in  amount,  unta 
it  gradually  uses  up  its  capacity  for  work.     Then  follows  repose;  the  supply  of  blood  i 
reduced,  but,   under  normal  conditions,  the  tissue  repairs  the  waste  which  baj  lu'cal 
excited  by  action,  the  blood  furnishing  nutritive  matter  and  carrying  away  a  coiiipari* 
tively  small  amount  of  effete  pruduct^j. 

We  may  safely  assume  that  processes  analogous  to  those  just  decribed  take  plaee  ta 
tlie  brain.     By  absence  of  voluntary  effort^  we  allow  the  muscles  time  for  re«t  and  for  tlil 
repair  of  physiological  waste,  and  their  active  function  is  for  the  time  suspended, 
the  activity  of  the  brain  involves  conscioosness,  volition,  the  generation  of  thoughu  Mid 
in  short,  the  mental  condition  observed  while  awake,  complete  repose  of  tlie  braia 
characterized  by  the  opposite  conditions.    It  is  true  that  we  rest  the  brain  without  sliHffvl 
by  abstaining  from  mental  effort,  by  the  gratification  of  certain  of  the  senses,  and  by  m&i-^ 
tal  distraction  of  various  kinds,  and  that  the  mind  may  work  to  some  degree  during  fllwji; J 
but,  during  the  period  of  complete  repose— that  conditioD  which  is  so  necessary  to  perfw 
liealth  and  full  mental  vigor — we  lose  consciousness  and  volition,  there  is  no  ihougHl 
and  the  brain,  which  does  not  receive  blood  enough  to  stimulate  it  to  action^  is  ftfiapl/l 
occupied  in  tlie  insensible  repair  of  its  substance  and  la  preparing  itself  for  future  worl, 
Tbe  exhaustion  of  the  muscles  produces  a  sense  of  fatigue  of  the  muscular  system,  ilj«li>* 
position  to  muscular  exertion,  and  a  desire  for  rest,  not  necessarily  involving  drowdntn.  1 
Fatigue  of  the  brain  is  manifested  by  indisposition  to  mental  exertion,  dulness  ft(  tho  ] 
special  senses,  and  a  desire  for  sleep.     Simple  repose  will  relieve  physiological  fatigue  nf 
muscles;  and,  when  a  particnlar  set  of  muscles  has  been  used,  the  fatigue  diasppcinJ 
when  these  muscles  alone  are  at  rest^  thoogti  others  be  brought  into  action.     Slee|\  lO'l  [ 
sleep  alone,  relieves  fatigue  of  the  bruin.     When  the  sleep  has  continued  long  enoui^lt  for 
the  rest  of  the  brain  and  the  repair  of  Its  tissue,  we  awake,  prepared  for  new  effcnt. 

We  have  now  only  to  refer  to  a  new  theory  of  sleep,  propos^ed  by  Sommer.  TikiR,? 
as  a  basis  the  researches  of  Petteukoter  and  Voit  upon  respiration,  Sommcr  advanca  ihe 
idea  that,  when  the  brain  is  active,  or  while  we  are  awake,  the  system  appropriates  twt 
a  small  quantity  of  oxygen  in  respiration  and  eliminates  a  relatively  large  proportion  ^' 
carbonic  acid;  after  a  time,  the  oxygen  thus  appropriated  is  consumed,  and  the  sytttm 
demands  a  new  supply;  and,  during  sleep,  the  organism  appropriates  oxigen  largely  anrf 
eliminates  a  relatively  small  amount  of  carbonic  acid.  When  the  elimination  of  carlx'ii'f 
acid  at  the  expense  of  the  oxygen  stored  up  reaches  a  certain  i>oint,  the  necessity  lori 
fartlier  supply  of  oxygen  induces  sleep  ;  and  wben,  during  sleep,  oxygen  has  been  tpp*^ 
priuted  in  sufficient  quantity,  the  system  awakes,  prepared  (or  a  new  period  of  actl^*? 
of  the  animid  ftmctions. 

By  reference  to  the  researches  of  Pettenkofer  and  Vuit,  we  find  that  these  > 
in  experimeots  upon  a  man  confined  in  a  chamber  in  which  the  interchanges  oi  ^- 
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ipimtioQ  could  be  estimnted,  noted,  in  twenty -foi3rlioi]rs,  that  the  subject  of  the  observa- 
tion, awake  but  in  a  condition  of  complete  repose,  appropriated  sixtj-s^even  per  cent,  of 
tlie  entire  atnonnt  of  oxygen  of  the  twenty-four  honrs  durinjj;  ti»e  nigbt,  and  thirtj-tbree 
per  eent^  during  the  daj,  while  he  eliminACed  fifty-eight  [ler  cent,  of  the  entire  uniount 
of  carbonic  acid  ercrtted^  during  the  day,  and  forty-two  per  cent.,  during  the  night» 
Wlicn  the  subject  of  the  experiment  worked  during  the  day,  by  turning  a  hvav^y  wheel, 
the  appropriation  of  oxygen  was  thirty-one  per  cent,  for  the  day,  and  sixty-nine  per  cent. 
for  the  night ;  and  the  etiminntion  of  carbonic  acid  was  sixty-nine  per  cent,  for  tht'  day,  and 
Unrtj-ODfi  per  c^nt.  for  the  night.  According  to  thoi>e  observations^  tlie  system  stores  up 
oxygen  at  night  for  use  during  tho  day,  at  tlib  time  eliminating  a  relatively  smail  quan- 
tity of  carbonic  acid ;  and,  during  the  day,  it  excretes  more  carbonic  acid  than  during 
sleep,  appropriating  then  a  relatively  «nall  amount  of  oxygen. 

This  theory  of  sleep  seems  to  rest  upon  obser^'atlons  too  restricted  to  bo  adopted 
without  reserve*  It  is  stated,  indeed,  that  the  first  experiments  of  Pettcnkofer  and  Voit 
w^re  not  confirmed  in  other  observntlons  made  upon  the  same  perj^on.  It  h  hardly  pos- 
sihle,  with  our  present  information,  to  assume  that  sleep  is  due  simply  to  want  <if  oxygen, 
jind  it  iH  more  in  accordance  with  well-established  physiological  facta  to  attribute  it  to  a 
necessity  for  the  general  regeneration  of  tlio  nervous  tissue,  though  into  this,  the  neces- 
idty  for  oxygen  may  enter  as  one  element  in  the  physiological  repair. 

Daring  sleep,  nearly  all  of  the  functions,  except  those  directly  under  the  control  of  tho 
fyinpatbetio  nervous  system,  are  diminished  in  activity.  The  circulation  ib  slower,  and 
the  pulsations  of  the  heart  are  less  frequent,  as  well  as  the  respiratory  movements.  These 
points  have  already  been  considered  under  tlie  heads  of  circulation  and  respiration.  Wo 
have  but  little  positive  information  with  regard  to  the  relative  activity  of  tlie  processes 
of  digestion,  absorption,  and  secretion,  during  sleep.  The  drowMTiiess  which  many  per- 
wn»  experience  after  a  full  meal  is  probably  due  to  a  determination  of  tjlood  to  tho  ali- 
mentary canal  and  a  consequent  diminution  in  the  supply  to  the  brain. 
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of  the  »pockJ  »cnM»— MoMntlir  Muse  (to  tiftllod)— Ap|ini«l&U(>ii  of  wol^bt— SkeoM  of  touch— Tiriii' 
ttaas  In  tsetllo  wHBlbillty  In  dilTferent  part*— Tabic  of  ▼wiatlont  Di«««tirod  by  the  tt'*th<«flomt'li'p— Cooncrtino 
b(ftw<H?^n  tb4<  variaUoDA  in  tactile  ^fu^ibttity  aad  liic  dl4tdbutioo  of  the  l&ctUe  corim»e)e^— Titljktion— ^ppn-cla- 
ttan  of  temperature— VetipreaJ  ftonse— Olfiu^Uou— NaKal  fbtate — Seboctdi'iiin  and  olfuctory  metnbmnr*— Physio- 
betcttl  ttaaionty  orth»s  ftlfbctorr  nen^es— Olfectory  bulb* — Olflictory  celte  and  tonnlnationB  of  tbt*  oitkHrH-y  mrve- 
Sbra*— Prt»fMMrtU>i  ttod  runcUunt^of  tb#  olfactfiry  ncrv«» — Mo^baniflni  of  olfiwtiou— TlvUtJonaof  otfactlofl  t^»  tJi« 
•in*'  lii'ftt'X  iicta  throuirb  the  olflictOTy  iiGrvea— tiuntuUon— Sayorj-  jsuli^tJiiices — Kclatimiii  ln'twe^fa 

fiwt-  Lion— Tifite  and  flavor — McHllflcAtlotift  of  tho  smlso  of  taste— Nt-rvea  of  tjwto— Chorda  tytupaul 

— Fa  i...  t,.. ..  r  -  v^ilb  knipflirmeRt  of  tAAt«— Pnmlyeiis  ofircti^ral  i^rtiflibltity  of  tho  trinim<?  without  ImfViirnit'iit  of 
tttC«>--01uMi>-pharyziirtMit  avrvv  (first  dlrlsioii  of  tbts  clffhth) — PhyBlol<j|rtcal  Anntoiny— «tciii'nil  fjtwjicrtifs  of  tho 
gloiao  phwrTOj^oii— B(.liitioa»  of  tliw  |fflossO'pharyr»g%*itl  ncnwj  to  gu^ttjiUoii— MccIiA&istti  of  (fusiAUon— Fhyslalo- 
de^  tauLtomy  of  the  oi^iin  of  tusit^— PaplUu.^  of  thu  tongiie->TBate-budj»,  or  tasto-beakci*— Coiuiectlonf  of  Uui 
wtth  thtf  otj^Hf  of  titHte. 


OtJiE  Study  of  the  nervous  system  thus  far  has  inroked  ©imply  motion  and  what  is 
known  an  general  eensibility ;  and  almost  all  f»ur  positive  knowledge  of  these  properties 
Has  been  derived  from  experiments  upon  tlie  inferior  animals.  As  regards  sensation*  the 
<s3rperiraent*  have  referred  to  impressions  recognized  as  painful ;  and  we  have  »een  that 
tlifcce  are  conveyed  to  the  centres  by  nerve-filaments,  anatomically  as  well  as  phy«iologi- 
^•Hj  diatinct  from  those  which  convey  to  the  contractile  parts  the  stimulus  that  gives  rise 
to  motion.    As  far  as  we  have  studied  the  sensory  nerves,  wo  have  alluded  to  simple  im- 
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pressious  only ;  but  it  is  eviJont  that  the  filaments  of  peripheral  diatribatioii  of  tbci 
Derves  are  capable  of  receiving  a  variety  of  iaiprcssions^  by  which  we  determine,  to  a  c* 
tain  extent,  the  form,  size,  character  of  surface,  density,  and  temperature  of  object? 
also  have  a  general  appreciation  of  heat  and  cold  ;  a  sense  of  resii^ance,  which  gives 
idea  of  weight ;  and,  finally,  there  are  nerves  of  peculiar  properties,  terminating  in  oi 
calculated  to  receive  tbe  impreissions  of  smell,  taste,  sight,  and  hearing. 

The  sendee  of  olfaction,  gustation,  vision,  and  audition,  belong  to  peculiar  organs,  pn 
vided  with  nerves  of  special  properties,  which  are  nanally  not  endowed  with  general 
aibility.  These  nerves  have  been  omitted  in  our  general  Btudy  of  the  nervous  system 
and  the  accessory  organs  to  which  they  are  distributed  are  so  important  and  intrirato 
their  structure  as  to  demand  extended  description. 

The  senses  of  touch,  titillation,  temperature,  and  pain  are  all  conveyed  *...  ^u^  uv 
centres  by  wbat  we  have  de&t^nbed  as  ordinary  sensory  nerves ;  the  touch  being  perfect 
in  certain  parts  by  pectdiar  arrangements  of  the  termtnai  nerve-fibres,     Althongh  it 
possible  that  each  one  of  these  impressions  may  be  transmitted  by  speciid  and  dietto 
fibres,  this  ha^  not  yet  approached  a  positive  demonstration.     The  so-called  mnscolar 
sense,  by  which  we  appreciate  weight,  resistance,  etc.,  undoubtedly  dependi»,  to  m 
extent  if  not  entirely,  upon  the  muscular  aervca. 


1 
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Muscular  Sense  (so  called). 

It  is  difficult  to  define  exactly  what  is  meant  by  the  term  mnscular  sense,  as  it  li^ 
by  many  physiologists.    In  all  probability,  the  sense  which  enables  ns  to  apprecii 
resistanire,  immobility,  and  elasticity  of  substances  that  are  grasped,  on  which  we  I 
or  whicli,  by  their  weight,  are  opposed  to  the  exertion  of  muscular  power,  is  imni# 
modified  by  education  and  habit.    Still,  it  is  undoubtedly  true  that  the  general  Pcnuil 
regulates  the  action  of  muscles  to  a  very  great  extent    If,  for  example,  the  lower  fXtT«mJ»' 
ties  be  paralyzed  as  regards  sensation,  the  muscular  power  remaining  intact,  the  f*eiioa 
affected  frc<|Ueutly  cannot  walk,  unless  he  be  able  to  see  the  ground.     In  these  csfoi, 
the  individual  ftdls  when  blindfolded,  for  the  simple  reason  that  his  limbs  have  lost  ll*« 
sense  of  contact  with  the  ground,  which  is  nothing  more  nor  less  than  loss  of  gvneralj 
sensibility.     Many  curious  examples  of  this  kind  are  to  be  found  in  works  upon  dis<!ttMi| 
of  the  nervous  system.     One  of  the  most  striking  is  a  case  communicated  to  Sir  Chirl*^ 
Bell  by  Dr.  Ley.     The  patient  was  afflicted  with  partial  loss  of  sensibility  upon  one  liJ*  * 
of  the  body,  **  without^  liowever,  any  corresponding  diminution  of  power  in  the  mo^Jfi  , 
of  vohtion,  so  that  she  could  hold  her  child  in  the  arm  of  that  side  so  long  as  her  ttttcn"; 
tion  was  directed  to  it;  but,  if  surrounding  oljjects  withdrew  her  from  the  notice  of  th^ 
state  of  her  arm,  the  flexors  gradually  relaxed,  and  the  child  was  in  hazard  of  fallinp/* 
This  is  something  like  the  phenomena  ordinarily  described  as  characteristio  of  locouioMv 
ataxia.     In  this  disorder,  there  is  disease  of  the  posterior  columns  of  the  spinal  cord, 
with  more  or  less  impairment  of  general  sensibility,  the  muscular  power,  in  some 
inataneea,  being  intact.     Patients  afTected  in  this  way  are  sometimes  unable  to  wftlkw 
fltand  witliout  the  aid  of  the  sight,     One  of  the  most  characteristic  phenomena  is  inabilItT 
to  stand  w  hen  blindfolded  ;  although,  with  the  aid  of  the  sight,  the  niQscles  can  ^^  r^""'" 
by  the  will  to  act  with  great  power. 

Without  entering  into  a  full  discussion  of  the  various  arguments  used  for  in- 
the  existence  of  a  apeci«l  **  muscular  sense,"  it  is  snfiicient  to  stat^:*  that,  in  tli 
in  which  general  aunsibility  is  lost  or  seriously  impaired,  the  brain  has  no  exnct  ttpprtm 
tion  of  the  action  of  the  muscles,  except  as  re^-ards  the  sen^  of  fatigue.  Tliis  quc^u*'" 
is  of  great  importance  in  connection  with  the  pathology  of  the  nervous  system;  nail  ^ 
eeeins  that  the  weight  of  evidence  is  decidedly  in  favor  of  the  view  that  there  \%  ne^ii-*' 
tinct  perception  of  muscular  action — aside  from  general  sensibility — that  can  properlj  ^ 
called  a  muscular  scn^^^e. 
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Ilabtt  And  edacation  enable  us  to  up  predate  with  great  nioety  differences  in  weight ; 
bat  thi^  15  chiefly  due  to  the  sense  ut'  re^^istuDcc  to  musoiiltir  etfort  and  has  litttt?  depend* 
eoco  npon  the  sense  of  touch,  In  the  elaborate  and  ehii»sieal  experimeQt:^  of  Weber,  this 
point  was  very  strikingly  iliastrttted.  The  observationa  of  this  physiologist  upon  the 
fttDae  of  touch  aud  general  seusibility  were  very  varied  aod  extensive ;  and,  among  Ihe 
moe^  ifnportant  of  the  results  with  regurd  to  the  apprecixition  of  pressure  and  weight, 
are  the  followiug ; 

In  gencrd,  those  parta  which  are  most  seii«itive  to  the  impressions  of  t^iuch,  as  the 
,  enable  us  to  appreeiate  ditterences  in  presssure  and  weight  with  the  greatest  aceu- 
The  sense  of  simple  pressure,  unaided  by  the  estimation  of  weight  by  uiuscular 
effort,  18  generally  more  acute  upon  the  left  side^  probably  because  the  integument  uf  the 

hand  is  thinner  than  that  of  the  right  hand.  Diflerences  in  weight  can  be  accurately 
iiruislied,  when  they  amount  to  only  one-«ixteenth,  by  employing  muscular  effort  in 

:ig,  a*  well  as  the  sense  of  pressure ;  but  the  sense  of  pressure  alone  enables  us  %a 
f*rrci*ir^  a  difference  of  no:  less  than  one-cightii.  When  weights  are  tested  by  lilting 
'id»  the  appreciation  of  alight  ditfcrenccs  is  more  delicate  when  the  weight;* 
ar.  cly  tested  with  the  s^ime  hand  than  when  two  weights  are  placed,  one  on 

either  lian<l.  When  the  interval  between  the  two  trials  auioonU  to  more  tliim  forty  s*;c- 
ottds,  slight  diftVrences  in  weight — ^the  difference  between  fourteen  and  a  half  aud  fifteen 
ounces,  for  example — cannot  be  accurately  appreciated.  In  such  trials,  it  is  ueeeaaary 
to  have  the  metals  used  of  the  same  temperatnre,  for  cold  metals  seem  heavier  than 
Wiinn, 

These  observations  forraularized  some  of  the  facts,  sufficiently  evident  to  cvt^rr  one, 

ing  to  the  appreciation  of  slight  differciu*es  in  weight.  It  is  well  known  that  experts 
ttc^juirv,  in  this  regard,  wonderful  delicacy  and  occuraoy.  Those  who  are  in  the  daily 
babit  of  handling  coins  not  only  count  with  astonishing  rapidity,  but  are  able  to  detect 
and  throw  out  a  light  piece  instantly  and  with  uoerring  certainty. 


Sense  of  Touch. 

We  have  already  considered,  in  connection  with  the  nervous  system,  the  modes  of 
teniLUiAtion  of  the  seui^ory  nerves ;  and,  in  many  instances,  it  is  poi^slble  to  explain,  by 
the  anatomical  characters  of  the  nerves,  the  great  differences  that  have  been  observed  in 
the  delicacy  of  tlie  tactile  sensibility  in  different  jmrts — differences  which  are  exceedingly 
important,  pathologically  as  well  as  phystiologicolly,  and  which  have  been  studied  by 
Weber,  Valentin,  and  others,  with  great  minuteness. 

Varmtlom  in  the  TaetiU  Semihility  in  Different  ParUt, — In  certain  parts  of  the  euta- 
lufi  surfai'e,  the  general  sensibility  is  much  more  acute  than  in  others.  For  example, 
arp  blow  upon  the  face  is  mure  painful  tlian  a  similar  ii\iury  to  other  parts;  and  the 
eye,  a*  is  well  known,  is  most  eii|nisitely  sensitive.  The  appreciation  of  temperature  also 
Tariesin  ditfereut  parts,  tlris  probably  depending  to  a  great  extent  upon  habitual  exposure. 
Some  parts,  as  tlie  soles  of  the  feet  or  ttie  axilla,  are  peculiarly  tiensitive  to  lllillation. 
The  sense  Ckf  touch,  however,  by  which  we  appreciate  the  size,  fonn,  character  of  the 
surface,  consistence,  etc.,  of  objects,  is  develo|>ed  to  a  greater  degree  in  some  |>arts  than 
Inother?;  a  fact  which  can  be  very  readily  explained,  in  some  instance^  by  the  ana- 
tomical arrangements  of  the  peripheral  sensory  nen^es.  When  wo  wish  to  ascertain 
Iho^^  pr<»j*erlies  of  objects  revealed  by  the  sense  of  touch,  we  generally  employ  the  fin- 
gers. This  sense  h  capable  of  education  and  is  almost  always  extraordinarily  developed 
In  perMoris  wlio  are  deprived  of  other  ppecial  senses,  as  sight  or  Iiearing.  The  blind  learn 
to  recognize  individuals  by  feeling  of  the  face.  A  remarkable  instance  of  this  is  quoted 
in  works  on  physiology,  of  the  blind  sculptor,  Giovanni  Gonelli,  who  was  said  to  model 
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are  on  record.  The  bliotl  Imve  been  kaown  to  beoomo  proficients  in  coochology  aod 
botany^  guided  simply  by  tlic  t^cnae  of  touch.  It  h  rt'bited  of  a  blind  boUinist,  tltat  btf 
was  able  to  distingiiiisb  ordinary  plants  by  tbe  fingers  and  by  tbe  tip  of  tbe  iMn^a.  It 
is  well  known  that  tbe  blind  learn  to  read  with  perfect  facility,  by  passiog  the  ^n^ti 
over  raised  letters  bnt  little  larger  than  the  letters  in  an  ordinary  totio  Bible,  lindalpbi 
cites  the  remarkable  faculty  acqiiired  by  Baczko^  of  distinguishing  tbe  colors  uf  rubrti!M  bj 
the  sense  of  touch  alone* 

An  exceedingly  ingenious;  and  accurate  method  of  determining  tbe  relitlttre  drlicacjr 
of  the  tactile  sensibility  of  ditiVrent  portions  of  the  cutaneous  surface  was  d<jvi*cd  4 
number  of  years  ago  (1829)  by  E*  IL  Weber,  whose  researches  upon  this  subject,  whieli 
have  been  repeatedly  cunlirmed  by  othur  obser\ er^  are  still  the  most  careful  and  reliable 
on  record.  This  method  consists  in  tbe  application  to  the  skin,  of  two  fine  but  blunt 
points,  separated  from  each  otlier  by  a  known  digtance.  Tbe  indindual  experiment^ 
upon  should  be  blindfolded,  and  the  points  applied  to  the  skin  simultaneously.  By  vm^ 
fully  adjusting  tbe  distance  between  tbe  points,  a  limit  will  bo  reaclted  where  tb*  twu 
impressions  upon  the  surface  are  appreciated  as  one;  f,  f»,  by  gradually  i^ing 

them,  the  subject  wUl  sudd t^uly  feel  both  points  a^  one,  wiien,  an  instant  b.  ik' 

points  a  little  farther  rerjioved  from  each  other,  he  distinctly  felt  two  iniprea^ionnu  Tlii* 
gives  a  very  accurate  measure  of  tlie  delicacy  of  the  tactile  iia  distinguished  from  thu 
general  sensibility  of  dllfereut  parts,  and  it  has  lately  been  found  a  most  important  guide 
in  tbe  investigation  of  diseases  of  tbe  nervfjus  system  attended  with  partial  nnncsilieiia 
of  tlie  surface.  Of  course,  the  instrument  used  may  be  very  simple  (a  [uiir  of  ordiitAfj 
dividers  will  answer),  but  it  is  con^^enient  to  have  some  ready  means  of  ascertiiining  tli« 
distances  betw^een  tlio  points.  An  ttistrument,  consisting  simply  of  a  pair  uf  di^ideri^ 
with  a  i^Tflduated  bar  giving  a  measure  of  tbe  separation  of  the  points,  is  tlie  bciSt,  as  it 
combines  simplicity,  convenience  of  use,  and  portability.  This  instrument  is  calle<3  lh« 
s^sthesiometer. 

The  experiments  of  Weber  were  made  upon  his  own  person,  and,  of  course,  they  do  M 
show  the  variations  that  may  occur  in  diUerent  individuals  in  health,  a  point  of  consider- 
able importance  in  estimating  the  extent  of  anrosthesia  in  disease.  His  observations  «bo 
showed  some  slight  variations*  with  the  direction  of  tbe  line  of  tbe  two  pointi*,  but  these 
arc  not  important.     Valentin  repeated   tbe  experiments  of  Weber,  and,  in  '|<>V 

the  maximum,  mimmura,  and  mean,  in  six  persons.     Aside  from  these  oIjm  tit? 

repetition  of  Weber's  experiments  b«9  done  little  more  than  confirm  the  origiJial  iai?t4 
The  table  upon  tbe  next  page,  taken  from  the  article  on  **  Touch  "  by  Dr.  W.  B,  Carpcsa- 
ter  in  the  €yclop<tilia  of  Anatomy  and  Phjsiology^  London,  1849-1862,  vol.  iv.,  pitrtS., 
p.  1169,  gives  the  results  obtained  by  Weber  and  by  Yulentin. 

If  wo  note  tbe  distribution  of  tbe  tactile  corpuscles  in  connection  with  thw  tiiblfl^il 
will  be  seen  that  the  sense  of  touch  is  most  acute  in  those  situations  in  which  thcew^ 
puscdes  are  most  abundant.  In  tbe  space  of  about  one-fiftieth  of  a  s^juare  inch  cnj  the 
palmar  surface  of  the  third  phalanx  of  the  indcx-tinger,  Meissfner  counted  tbe  grealiil 
number  of  corpuscles,  viz.,  one  hundred  and  eight.  In  this  situation,  tbe  titrtilc  ccoj^- 
bility  is  more  acute  than  in  any  other  part  of  the  skin,  the  mean  distance  Indicated  by 
the  lesthesiometer  being  O'fiOS  of  a  line.  In  the  same  space  on  the  second  pbaliinx,  fuH| 
corpuscles  were  counted,  the  lesthcsiometer  marking  1*558  line,  this  part  ranking  next  b 
tactile  sensibility  after  tbe  red  siirfnce  of  the  lips.  We  can  readily  understand  boir  tlif 
tactile  coripuscles,  embedded  in  the  amorphous  substance  of  the  cutaneous  papilla^,  might 
inrreai^e  the  power  of  appreciation  of  delicate  impressions  by  presenting  himi  suriaec* 
against  which  tbe  delicate  nerve-filaments  can  be  pressed. 

As  regards  those  portions  of  the  general  cutaneous  surface  in  which  no  tactile  corjiu** 
des  have  been  demonstrated,  it  is  not  easy  to  connect  the  variations  in  tbe  tactile  »€l>- 
siliility  with  the  nervous  distribution,  as  we  know  little  or  nothing  of  the  compamtiw 
richness  of  tbe  terminal  nervous  filaments  in  these  situations. 
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of  Variathfis  in  the  Ttwtih  SermbilHif  of  Different  Fdrtions  of  the 
Skin  (Weber  and  Valentin). 

The  tactile  MoalbUltT-  U  monaarod  bf  the  frrantc^t  dlitaoM  batwidi  twa  polntt  nt  whkih  Umij  eanrt^  m  Od^Ia 
ttn|iraAiU»ii  wImd  ft|>pU«(i  atuiultAneQiaftlx.    Tbo  tDottxiicnietitt  an  given  Ib  Unoi  (iV  of  «a  Inch). 
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Titilinliixn, — The  aensfltion  expcrienceil  when  certain  parts  of  the  general  surface  are 
•objected  to  titillation  cannot  easily  bo  described,  altbougb  it  is  sufficiently  familiar.  TliiB 
aetiaation  is  due  aim  ply  to  dcUcnte  impressions  made  in  unusual  f^ituutTon!^  ami  18  remark- 
able chiefly  on  account  of  the  reflex  movements  which  it  occasions.  If  the  soIcb  of  the 
feet  be  tickled,  it  is  almost  impoi^sible  to  avoid  movements  of  the  limbs.  These  are  not 
■  to  the  peculiar  Bcnsation  appreciated  1*t  the  brain ^  for  the  sfline  stimulus^  in 
ing  from  complete  jjnrflJysis  of  sensation  and  voluntary  motion  of  the  lower 
extremities,  may  protluce  even  violent  actioa  of  the  paralyiced  muBdea*  The  peculiar 
48 
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nature  of  the  sendatlon  is  due  to  the  untisuol  character  of  the  impressioii,  and  ft  dom  not 
involve  the  action  of  special  nerve-fibrea  as  conductors. 

Appreciation  of  Temperature, — It  is  not  known  that  the  sen^  of  tetnpcratiire^  eitbef! 
of  tbo  surrounding  medium  or  of  bodies  applied  to  difierent  parts  of  the  ^kin,  is  ttj»pr<?ci* 
ated  through  any  nerves  other  thmi  tho^'  of  general  »L'ns4ibilit\\  or  thnt  tlierts  is  anj  speiidl 
arrangement  of  tlie  terminations  of  certain  of  the  nervoii  conuected  with  this  &cua«.  A^ 
regardfj  the  general  temperature,  the  sense  is  rebtive  and  is  much  moliticd  by  hftttil 
This  statement  needs  no  explanation.  As  is  well  known^  what  is  cold  for  an  inhabiUuil 
of  the  torrid  zone  would  be  warm  Ibr  one  accustomed  to  an  excessively  cold  climatic 
Habitual  exposure  also  modiHes  the  aense  of  temperature.  Many  j^ersons  not  in  the  hftliU 
of  dressing  warmly  suffer  but  little  in  extrenaelj  cold  weather.  Those  who  hobituillj 
expose  the  hands^  or  even  the  feet,  to  cold,  render  these  parts  quite  insensible  to  teinpcrar 
ture;  and  the  same  is  true  of  those  who  often  expose  tlie  hands,  face,  etc.,  to  heat 

The  variations  in  the  sensibility  of  ditVereut  parts  of  the  surface  to  teiriperature  dt'|>ea<^ 
as  w*e  have  just  indicated,  to  a  great  extent  upon  habit^  exposure,  etc.,  l>ut  also  up 
special  properties  of  tlie  parts  them  solves.  The  dilierences,  however,  are  not  s<.>  mark«4 
as  to  bo  of  any  great  importance,  and  the  experiments  made  upon  this  point  are  %im^lf 
curious.  It  is  remarkable,  Jiowever,  to  note  the  exquisite  sensibility  to  variations  in  Um* 
perature  sometimes  presented  by  those  who  are  deprived  of  other  senses.  The  example 
is  quoted  by  Dunglison,  of  Dr.  Saunders<->n,  fomierly  Professor  of  Matliemntics  at  Caia- 
bridge,  England,  who,  **  when  some  of  his  pupils  were  engaged  in  taking  the  altitudetqf 
the  sun,  could  tell,  by  the  sliglit  modilicAtion  in  the  temperatnre  of  the  air,  when  fttf 
light  clouds  were  passing  over  the  sun*s  disk,'"' 

The  experiments  of  Weber  show  conclusiveiy  that  the  skin  is  the  main  organ  fortt»« 
appreciation  of  temperature,  if  we  except  the  inoutli,  palate,  vagina,  and  rectuiu,  by  trhir^ 
the  difference  between  warm  and  cold  substances  is  readily  distinguishe<i.  In  wti 
iniitances  in  which  large  portions  of  the  skin  were  destroyed  by  bums  and  other  ityanei^ 
experiments  have  been  made  by  applying  spatulas  of  different  teuij)erururej*.  At  oua  lime 
a  spatula  plunged  in  water  at  from  48**  to  55 '^  Fabr,  was  applied  to  a  denuded  surfjw*, 
and  again,  a  si>atula  at  from  113**  to  122^  Fahr,  When  the  patient  was  recpiested  to  t«dl 
which  wiis  the  warmer,  the  answers  were  as  frequently  incorrect  as  they  were  corrwi; 
but  the  discritni nation  was  easy  and  cert4iin  when  the  applications  were  made  to  the  tot* 
rounding  healthy  skin.  When  applications  at  a  higher  temperature  were  mode  to 
denuded  part,  the  patient  suffered  only  pain. 

The  venereal  sense,  which  we  shall  not  attempt  to  describe,  is  nnlike  any  other 
tion,  and  is  general,  as  well  as  referable  to  the  organs  of  generation.  In  this  conncctiiiO, 
however,  it  is  interesting  to  note  that  the  taciUe  sensibility  of  the  palmar  surface  «tf  llit. 
third  phalanx  of  the  fingers,  measured  by  the  jcsthesiometer,  compared  with  the  scnii- 
bility  of  the  penis,  in  as  0*S02  to  D'034,  or  between  twenty-three  and  twenty-four  rinwf 
greater. 

Olfactory  Xtrves, 

The  nerves  directly  connected  witli  the  senses  of  olfaction,  visioiv  and  aoditloii,  •• 
but  slightly  if  at  all  endowed  with  general  sensibility.  As  regards  the  olfacOory  nur^c*, 
the  parts  to  which  they  are  distriboted  are  so  fully  supplied  with  branches  ftmn  tL^fiftli, 
that  it  is  ditticult  to  determiDe  the  fact  of  their  sonsihility  or  insensibility  to  ordinftry 
im[»re^^lions.  The  olfactory  nerves,  however,  are  distributed  to  the  raucous  raembi 
of  that  portion  of  tJie  nasal  cavity  endowed  with  the  special  sense  of  emclh  Before 
taking  up  tlieir  physiological  anatomy,  we  shall  describe  briefly  th©  parts  to  whlcli  lli« 
olfactory  sense  id  probably  confined, 

Nit$<il  Fome. — The  two  irregularly-shaped  caTities  In  the  middle  of  the  face*  opcDiBl 
in  front  by  the  anterior  nares  and  connected  with  the  pharynx  by  the  posterior  nu^ 
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the  nasal  (<mue.  The  iiiembnme  lioing  thes<»  cavities  13  generally  culled  the 
Schneiderian  mucous  membrane^  and  souietitnes,  particularly  by  the  French^  tlie  pituitary 
memhmno.  Thit*  menibrune  is  closely  adherent  to  t!ie  fibnjus  coverings  of  the  boneu 
Mnd  cartili4*cs  by  which  the  na-^al  fossfi?  arc  bounded,  and  it  is  thickest  over  the  turbinated 
bone$.  It  In  continuous  witli  the  luenibranc  lining  t!ic  pbarynx,  the  nasal  dtit't  and  Ittcli* 
fvnaal  canals,  the  Euetacliijin  tuhe^  tlie  frontal,  tthmuidal,  and  qdienoidal  »iDU9ei*»  and 
the  antrum.     There  are  openings  lending  tVom  the  nasal  tusKpc*  to  all  of  these  cnvitie*^. 

The  ej^ential  organ  of  olfaction  is  tbe  Uiucous  membrane  Tming^  the  upper  half  of  the 
nasal  fossro.  Not  only  has  it  been  shown  anatomically  that  lliis  part  only  of  the  mem- 
brane receives  the  terminal  filaments  of  tbe  oltactory  nerves,  but  physiologrical  experi- 
metird  have  demonstrated  that  it  is  the  only  part  cjipable  of  receiving  odorous  impressiong. 
If  a  tube  be  introduce«l  into  the  nostril,  placed  horizontally  over  an  odorous  subset  an  ce  m 
that  the  emanations  cannot  penetrate  its  <'aliber^  no  odor  is  ]»erceivcd,  though  the  parts 
below  the  end  of  tlic  tube  might  receive  t!ie  emanations;  bnt>  if  tbe  tube  be  now  directed 
townni  the  odorous  substance,  so  that  the  emanations  can  penetrate  to  the  upper  portion 
of  the  nareft,  the  odor  is  immediately  appreciated* 

That  portion  of  the  lining  of  the  naijial  fossfo  properly  called  the  olfactory  membrane 
tirtends  from  the  cribriform  plate  of  tbe  ethmoid  bone  downward  a  liitk  less  than  an 
inch*  It  is  exceedingly  soft  and  friable,  very  vascular^  thicker  than  tlje  rest  of  tbe 
Sclmeiderian  naembrane^  and,  in  man,  has  rather  a  yellowish  color.  It  is  covered  by 
long»  delicate,  colnmnar  cells,  nucleated,  each  one  provided  with  from  three  to  eight  cili- 
ary processes,  their  movement  being  frotn  before  backward.  The  nincous  glands  of  the 
olfactory  membrane  are  numerous,  long,  and  racemose.  They  secrete  a  fluid  which  keeps 
the  surface  nooist,  a  condition  essential  to  the  accurate  perception  of  odorous  irapressionB. 

Phyti&loifUal  Anatomy  of  the  Otfmtjoty  AVpm.— The  apparent  origin  of  the  olfactory 
nerfe  is  by  three  roota,  from  the  inferior  and  Intemal  portion  of  the  anterior  lobe  of  tbe 
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Fio.  5S3, — OlfactQr^  gangHon  and  ntrttik.    (IlirschMd.) 
lefrinry  ff*in^tion  and  nfrcttt;  3.  bmncli  of  tho  njiswl  ncrTo;  !5,  f phoi}(>'(ialatin(^  iFAnrllcm :  ijl,  brascbriof  tbo 
'|nrv«t  iJiiUlitii>  otTVf;  5,  [xti^tfrlor  (>iilnt!ti»  niTVi-;  r's  uiiildle  palAtltit.'  nerve;  k  9.  brancliot  from  tbe  «|ihoiio-|Hiibi' 
^^  "     ;  l(t,  U,  lit.  Vidian  uerve  and  ixs,  brotMbcA;  13,  luttcnul  carotid  bffSDch  flronj  the  aiip«rlar  ccrTkal 


cerebrum,  in  front  of  the  anterior  perforated  space.  The  three  roots  are  an  external  and 
an  iAt<Tnal  white  root,  and  a  middle  root  composed  of  gray  matter.  The  extemrJ  white 
root  is  long  and  delicate,  passing  outward  across  the  fiasure  of  Sylvius  to  tbe  middle  lobe 
^  eerebruni.     The  internal  white  root  is  thicker  and  shorter  than  the  external  root^ 
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and  it  arifles  from  the  most  posterior  portion  of  the  anterior  lobe.  The  middle,  or  gray 
root  arises  from  a  little  eminence  of  grftj  mutter  situated  on  the  posterior  aud  ioQer  por- 
tioD  of  the  inferior  surface  of  the  ant-erior  lobe. 

The  deep  origin  of  these  throe  roots  of  the  olfaetory  nervea  is  still  a  matter  of  discus- 
sion. The  external  root  is  stated  bj  various  anatomists  to  originate  from  the  corpos 
striatum,  the  optic  thalamus^  the  anterior  commissure,  and  the  island  of  Reil;  hut 
researches  upon  this  point  have  been  bj  no  means  satisfactory.  The  same  uncertaintT 
exists  with  regard  to  the  deep  origin  of  the  internal  white  root  and  the  gray  root. 

Tbe  three  roots  of  the  olfactory  converge  to  form  a  single  nervouB  cord  at  the  inner 
boundary  of  the  fiaaare  of  Sylvias.  This  passes  forward  and  slightly  inward  in  a  dMft 
groove  between  two  convolutions  on  the  under  surface  of  the  anterior  lobe,  cowered  by 
the  arachnoid  membrane,  to  the  ethmoid  bono.  Tliia  portion  of  tbe  nerve  is  ei^ceedingly 
soft  atid  friable.  It  is  composo<l  of  both  wliite  and  gray  matter,  the  proportions  being 
about  two-thirds  of  the  former  to  one-third  of  the  latter.  The  gray  substance,  derivfd 
from  the  gray  root^  is  situated  at  the  upper  portion  of  the  nerve,  the  white  substance 
occupying  the  inferior  and  the  lateral  portions. 

By  the  side  of  the  crista  galli  of  the  ethmoid  bone,  the  nerve-trunk  expands  into  on 
obloDg  ganglion,  called  the  olfactory  bulb.  This  is  grayish  in  color,  excessively  soft^  anil 
contains  tlie  ordinary  ganglionio  elements.  From  the  olfactory  bulb,  from  fifteen  to 
eighteen  nervous  filaments  are  given  o^  which  pass  through  tbe  foramina  in  the  cribrtfariD 
plate  of  the  ethmoid  bone.  These  filaments  are  composed  entirely  of  nerve-fibres  anJ  aw 
quite  resisting,  owing  to  fibrous  elements  prolonged  from  the  dura  mater.     It  is  stricUy 

proper,  perhaps,  to  regard  these  as  the  true  olfiBCtory 
nerves,  the  cord  leading  from  the  olfactory  buJb  to  thts 
illil.  \^  cerebrum  being  more  properly  a  commissure,  Uavili^ 
passed  through  the  cribriform  plate,  the  olfactory  Denes 
are  distributed  to  tbe  olfactory  membrane  in  three  groups; 
an  inner  group,  distributed  to  the  macous  membrane  of 
tlie  upper  third  of  tbe  septum;  a  middle  group,  to  ^6 
upper  portion  of  the  nasal  fossie ;  and  an  outer  group,  Xo 
the  mucous  membrane  covering  the  superior  and  middle 
turbinated  bones  and  a  portion  of  the  ethmoid. 

The  mode  of  termination  of  the  olfactory  nervea  diJfStfl 
from  that  of  the  ordinary  sensory  nerves,  and  is  pecaliar 
and  characteristic,  as  it  is  in  the  other  organs  of  spcrial 
sense.     According  to  recent  observations,   the  olfactory 
mucous  membrane  contains  peculiar  terminal  nerve-cclU, 
Pio  3fti— JVmfiwJ  MUmnkSi^  of  th*  ^^^^^^  ^^'®  olfflctory  cells,  which  are  situated  between  Ibe 
oMf^tory  wewM;  mnQHtjtid  90  cells  of  epithelium.      Thesfc  are  long,   delicate,   spindle- 
l,lhMiitli*froff.--<i,«.ptthdi.icen*t>f   s*»^P«^  Structures,  varicose,  each  one  contammg  a  clear, 
tba  cJiijetorjr  TOition;  ft.  oifturtory  round  nuclcus.     The  appearance  of  these,  which  are  crni- 
«etu.    iL  acmUl  limnrh  of  the  olfiic       . ,        j         .i      ^  li.     !  •  .     ^  .     •-». 

tory  D«nreortbo(h)fr,Hcpanitingat  »Jdered  as  the  true  olfactory  orgi^ms,  is  represented  m  rif. 

Sbrti"H, o'!S:eto.^"„*Uom:^hrp':  aa-t.    in  tUe  frog,  there i« a «no,  hair-like  proce*.  projerting 
from  each  cell  beyond  the  mucous  membrane,  which  !*•§ 
not  been  observed  in  man  or  tbe  mammalia.     The  great  delicacy  of  the  structures  eut«f- 
ing  into  tbe  composition  of  the  olfactory  membrane  renders  the  investigation  of  the  ter- 
mination of  its  nervous  filaments  exceedingly  difficult. 


/  , 
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PropeHim  and  Fanetion»  of  the  Olfaetory  Nerves. — It  ii  almost  certain  that  the  olfac- 
tory nerves  possess  none  of  the  general  properties  of  the  ordinary  nerves  belonging  to  the 
oerebro-spinal  system,  but  that  they  are  endowed  with  the  special  sense  of  smell  atone. 
As  far  as  we  know,  no  one  has  exposed  and  operated  upon  the  filaments  coming  from  tho 
olfactory  bulbs  and  distributed  to  the  pituitary  membrane  in  living  animals;  but  «xpcri- 
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menu  apon  the  nerves  behind  the  oJlbctorj  bulbs  show  that  they  are  entirely  insonsible 
to  ardlnary  impressioDS.  Attempts  have  been  made  to  deiaonstrate,  in  the  humnn  sub- 
ject, the  iipecial  properties  of  these  nerres,  by  passing  a  galvanic  current  through  the 
nostrils;  but  the  situation  of  the  nerres  is  sncb  that  these  observations  are  of  necessity 
indefinite  and  unsatisfactory*  On  one  or  two  occasions,  in  witnessing  surgical  operations 
upon  the  upper  part  of  the  nasal  fossa?,  we  have  been  struck  with  the  exceedingly  dull 
sensibility  of  its  mucous  membrane. 

The  question  as  to  whether  or  not  the  olfactory  nerves  endow  the  membrane  of  the 
fosse  with  the  sense  of  smell  hardly  demands  discussion  at  the  present  day.  Jt 
be  e7ident  to  any  one  who  reads  the  experiments  of  Magendie^  in  which  he  at- 
tempted to  show  that  the  sense  of  smell  was  retained  after  division  of  these  nerves^  that 
he  confused  the  general  sensibility  of  the  parts  with  the  peculiar  impressions  of  odors; 
and  the  cases,  especially  the  one  reported  by  Bernard,  in  the  human  subject,  in  which  it 
was  supposed  that  the  olfactory  sense  existed  uotwitlmtanding  congenital  absence  of  the 
olfactory  nerves  and  bulbs,  are  by  no  means  satisfactory,  in  view  of  the  numerous  in- 
stances in  which  precisely  the  opposite  has  been  observed. 

Among  the  nnmerous  experiments  upon  the  higher  orders  of  animals,  in  which  the 
olfactory  nerves  have  been  divided,  we  may  cit^?,  as  open  to  no  objections,  those  of  Vul- 
pian  and  PhOipuux,  upon  dogs.  It  is  well  known  that  the  sense  i»f  smell  is  usually  very 
teute  in  these  animals.  Upon  didding  or  extirpating  the  olfactory  bulbs,  "  after  the 
animal  had  completely  recovered,  it  was  deprived  of  food  for  thu*ty-six  or  forty *eight 
hours ;  then,  in  its  absence,  a  piece  of  cooked  moat  was  concealed  in  a  corner  of  the 
laboratory.  Animals,  successfully  operated  upon,  then  taken  into  the  laboratory,  never 
found  the  bait;  and  nevertheless,  care  bad  been  taken  to  select  hunting-dogs.'^  This 
eiperiraeut  is  absohitely  conclusive ;  more  so  than  those  in  w^hich  animals  deprived  of 
the  olfactory  bulbs  were  shown  to  eat  fieces  without  disgast,  for  this  sometimes  occurs  in 
dogi  that  have  not  been  miitilated. 

Comparative  anatomy  shows  that  the  olfactory  bulbs  are  generally  developed  in  pro- 

tion  to  the  acuteness  of  the  sense  of  smell.  Pathological  &cts  also  show,  in  the 
iuman  subject,  that  impairment  or  loss  of  the  olfactory  sense  is  coincident  with  injury 
or  destruction  of  these  ganglia.  Numerous  eases  have  been  reported  in  whicli  the  sense 
of  smell  was  lost  or  impaired  from  injury  to  the  olfactory  nerves.  In  nearly  all  of  the 
oases  on  record,  the  general  sensibility  of  the  nostrils  was  not  affected.  In  1864,  we  hod 
an  opportunity  of  examining  the  following  very  remarkable  case  of  gunshot  wound  of  Ihe 
head,  in  which,  among  other  lEyuries,  the  sense  of  smell  was  destroyed: 

The  patient  was  a  soldier,  twenty- three  years  of  age,  who  was  shot  through  the  head 
with  a  rifle-ball,  May  3,  1863.  The  ball  entered  on  the  left  side,  !{  inch  behind  and  f 
of  an  innh  below  the  outer  canthus  of  the  eye,  emerging  at  nearly  the  oorrespontling 
point  on  the  opposite  side,  Sinall  pieces  of  bone  were  discharged  from  time  to  time  for 
three  months  from  openings  in  t!ie  posterior  nares  and  the  throat.  He  was  examined 
May  10,  18C4,  when  the  wounds  had  healed  with  falling  in  of  the  fare  over  the  left 
malar  and  nasal  hemes.  He  had  then  entirely  lost  the  power  of  distinguishing  odors. 
0pon  applying  acetic  acid  to  the  nostrils,  he  stated  that  he  felt  a  prickling  sensation,  but 
iKi  odor  Dilute  ammonia  produced  a  warm  senRation,  Chloroform  gave  no  sensation. 
lie  hod  no  sensation  from  the  emanations  of  (lowers.  There  was  loss  of  general  sensi- 
bility of  the  nasal  mucous  membrane  on  the  left  siJe,  with  diminished  sensibility  on  the 
right  side.  He  had  a  sensation,  not  very  definite,  when  in  water-closets,  where  (as  he 
was  told)  the  odor  was  very  oflensive,  but  he  experienced  no  sensation  unless  the  emano* 
Uons  were  very  powerful.  Before  entering  the  arrny,  he  was  a  pliotographer  by  trade 
and  was  familiar  with  the  odors  of  acetic  acid  and  ammonia.  In  this  case,  it  is  almost 
certain  that  the  olfactory  nerves  had  been  divided,  although  other  injuries  undoubtedly 
exist  eiL 
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Mtchanlsm  of  Olfaction. 

There  can  be  no  donbt  at  the  present  day  with  regard  to  the  moclianism  of  tli©  mtm 
of  smell.  Substances  entJowed  with  odoroui*  jiroperties  (five  off  material  en)iin&tiiin% 
which  must  come  in  contact  with  the  olfactory  memhrjiue  before  their  peculiar  odor  b 
ttppreciiited.  As  we  Kftve  seen,  this  membrane  is  BitQatcd  hijrh  up  in  the  nostrili,  if 
peculiarly  soft,  la  provided  with  ntimernuii  glands^  by  the  secretions  uf  which  its  surlaw 
is  kept  in  proper  couditiun,  and  it  possesses  the  peculiar  nerve-tLvrminations  of  the  olfac- 
tory filaments. 

In  experimenting  upon  the  sense  of  Bmell,  it  has  been  found  quite  difiicnlt  to  draw  Uie 
exact  line  of  distinction  between  impressions  of  general  sensibility  and  those  which  attack 
the  gpeeial  sense,  or,  in  oU)er  words,  between  irritating  and  odorous  emanations;  jmc] 
the  vapors  of  ammonia,  acetic  acid,  nitric  acid^  etc.»  undoubtedly  possess  irritating 
properties  which  greatly  overshadow  their  odorous  qualities.  It  is  unnecessary^  in  Uii» 
coimeotiou,  to  discuss  the  different  varieties  of  odors  recognized  by  some  of  the  earlkr 
writers,  as  the  fragrant^  aromatic,  fetid,  nauseous,  etc,  distinctions  sufficiently  cvidecl 
fi*om  their  mere  enumeration  ;  and  it  is  plain  enough  that  there  are  emanations,  hliio 
those  from  deUcately-scentcd  tlowers,  which  are  easily  recogniialdc  by  Iho  senses  of 
smell  while  they  make  no  iuvpression  upon  the  ordinary  sensory  nerves.  The  very 
marked  individual  differences  in  the  delicacy  of  the  olfactory  orgaiw  in  tJie  human  sub- 
ject tmd  in  diftV^rent  animals  is  an  evidence  of  this  fact.  Hunting-dogs  recognize  odon 
ta  which  we  are  absolutely  insensible ;  and  certain  races  of  men  are  sjiid  to  posscsi  a 
wonderful  delicacy  of  the  sense  of  smell.  Like  all  of  the  other  special  sense*,  olfactiuo 
may  be  cultivated  by  attention  and  practice,  as  i.s  exem[)lified  in  the  delicate  discrimini- 
tiun  of  wincs^  qualities  of  dni;;i4,  etc,  by  experts. 

After  what  we  have  said  concerning  the  situation  of  Ihe  true  olfactory  membrmiA  in 
the  upner  part  of  the  m\m\  IbssiP  nud  the  necessity  of  particles  impiitging  upon  tLlanieiii- 
brane  in  order  that  their  odorous  properties  mar  be  appreciated,  it  is  almost  unnflte^scsry 
to  state  that  the  passage  of  odorous  emanations  to  this  membrane  by  ins|>iring  tkroiigb 
the  nostrils  is  essential  to  olfacticm,  so  that  animals  or  men,  after  divts^ion  of  the  triicbfe, 
b*?ing  unable  to  \n\^?^  the  air  through  the  nostrils,  are  deprived  of  the  sense  of  tdnell.  Tli» 
act  of  inhalation  through  the  nose,  when  we  wish  to  appreciate  n  particular  o<lof,  It  an 
illustration  of  the  mechanism  by  which  the  odorous  particles  may  he  brought  at  will  in 
contact  with  the  oltactory  membrane. 

It  i^  a  carious  point  to  determine  whether  the  sense  of  smell  be  nflceted  by  odors 
passing  from  within  outward  through  tht^  nasal  fossa\  Persons  wlio  have  offenstme  ema' 
nations  frfna  the  respiratory  organs  usually  are  not  aware,  from  their  own  9en8i4tioii$. 
of  any  disagreeable  odor.  This  fact  is  explained  by  Longet  on  the  supposition  thAt  tiie 
olfactory  membrane  becomes  gradually  Hccustomud  to  the  odorous  imj^ression,  and  thi^tv- 
fore  it  is  not  appreciated.  This  is  an  uppareiilly  satisra<;tory  explanation,  for  we  coaJd 
hardly  suppose  that  the  directicm  of  the  enumations  provided  they  came  in  contact  with 
the  tnembrane,  could  modify  their  effects*  He  cites  a  case  «»f  cancer  of  the  stomach, 
in  w*hi<^h  the  vomited  matters  were  exceedingly  fetid.  At  first,  the  patient,  when  h* 
f^ipired  the  gases  from  the  stomach  through  the  nostrils,  perceived  a  di^n-'rn  alle  tHji>r  ui 
each  expiration ;  but  little  bj  little  this  impression  disappe^Lred. 


Eelathm  of  Olfactiim  to  th€  Sense  pf  TnMU. — ^Tho  relations  of  the  sense  of  rnioll  ta  \ 
i:nstation  are  very  intimate,  fn  the  appreciation  of  delicate  shades  of  flavor,  it  itf  wcH 
known  that  the  sense  of  oltaction  phiys  so  imjiortant  a  part,  that  it  can  hardly  bo  m«p*- 
rated  from  gustntion.  The  common  practice  of  ht^lding  llie  nose  whtn  disa^rrecable 
remedies  are  »* wallowed  is  another  illustration  of  the  connection  l>etwccn  the  two  senses. 
In  tuofft  cases  of  anosmia,  tliere  is  inability  to  distinguish  delicate  flavors;  and  patiuita 
can  distinguish  by  the  taste  only  sweet,  saline,  acid,  and  bitter  imprcMfiions, 
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It  is  itndoubtedljT  tme  that  we  lose  the  delieacj  of  the  senile  of  taste  whcti  the  sense 
of  BiDell  18  tibolished.  The  experiment  of  tasting  wines  blindfolded  and  with  the  Dustrda 
|duggod,  and  the  partial  loss  of  taste  during  a  severe  coryza,  are  siifficiently  familifir  illus- 
trations of  ihia  fact.  In  tlie  great  majority  of  case?,  when  there  h  coni[dete  aiiostnia,  the 
taste  is  sensibly  impaired;  and,  in  easea  in  which  this*  does  not  occur,  it  is  probable 
that  the  savory  emanations  pass  from  the  mouth  to  the  posterior  portion  of  the  nasal 
fossfEs  and  that  here  the  mucous  membrane  is  not  entirely  insensible  to  special  tmprcs- 
dons. 

It  is  UHTiecessary,  in  thisi  connection^  to  describe  fully  the  reflex  phenomena  which  fol- 
low juipre*i^iuus  niadi^  u(ion  the  olfactory  membrane.  The  odor  of  certain  BOj)id  sab- 
les, tinder  favorable  conditions,  will  produce  an  abimdant  i^ccretion  of  saliva  and  even 
f  i^astric  juice,  as  has  been  shown  by  experiments  upon  aniniub.  Other  examples  of  the 
effects  of  odorona  impressions  of  various  kinds  are  sutliciently  familiar. 
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The  special  sense  of  taste  enables  ns  to  appreciate  what  is  known  as  the  savor  of  eer- 
in  wibstances  introduced  into  the  mouth ;  and  thi«  sense  exists,  in  general  terms^  in 
parts  supplied  by  filaments  Irom  the  lingual  branch  of  the  fifth  and  the  glosso-pharyngeal 
n^rveiL 

It  is  somewhat  difficult  to  de6ne  precisely  what  is  meont  by  savory  substunces.  The 
word  savory  18  frequently  used  so  as  to  include  the  quality  of  odor;  and,  indeed,  the 
of  gustation  uu<i  olfaction  are  quite  closely  connected.  Almost  all  substances  that 
llie sense  of  tastt!  iJo*i*%es9  a  certain  odor,  and  taste  and  smell  are  thus  simultaneously 
mi  pressed.  Medicinal  articles  of  a  disagreeable  tjwte  may  sometimes  be  swallowed  with- 
out making  a  very  dif^Mgreeablo  impression,  if  the  nnres  be  closed.  Again,  when  the 
narcs  are  closed  or  when  the  senao  of  smell  is  rendered  obtuse  by  an  affection  of  tlie 
Schnciderian  membrane,  it  is  dilticult  to  distinguish  delicate  shades  of  flavor,  as  the  difier* 
ences  in  wines.  This  is  a  matter  of  common  observation  and  remark.  There  are,  also, 
certain  articles  which  have  a  repulsive  odor,  the  taste  of  which  is  not  disagreeable,  such 
as  »ome  varieties  of  old  cheese.  As  a  rule,  however,  articles  agreeable  to  the  taste  poe- 
Bess  an  agreeable  odor,  and  the  senses  of  tante  and  amell  are  not  easily  separated  from 
each  othcn  These  ti\cts  liave  led  to  a  distinction — which  cannot,  however,  be  always 
made  with  accuracy — between  tme  tastes  and  flavors.  It  is  assumed  by  some  physiolo- 
gist^ that  the  true  tastes  are  quite  simple,  presenting  the  qualities  which  we  recognize  as 
sweet,  acid,  saline,  and  bitter;  while  the  more  delicate  shades  of  what  are  called  tlavors 
nearly  always  involve  olfactory  impressions,  which  it  is  ditlicult  to  separate  entirely  from 
^ostation. 

If  we  apply  the  term  savor  exclusively  to  the  quality  which  makes  an  impression  upon 
tbo  sense  of  taste,  we  recognize  that  tlie  sensation  is  j?pecial  in  its  character  and  different 
from  the  tactile  sensibility  of  the  imrts  involved  and  from  the  sensation  of  temperatnre. 
The  terminal  f\hiTuent-s  of  the  gustatory  nerves  ar«  inipresHc*d  by  the  actual  cont-act  of 
anrory  substances,  w*hii  h  mn^t,  of  necessity,  be  soluble.  To  a  certain  extent,  there  is  a 
natural  clawsiticMtion  of  savors,  some  of  which  are  agreeable,  and  others  disagreeable ;  but 
even  this  distinction  is  modified  by  habit,  education,  and  various  other  circumstances. 
Articles  that  are  unplt5ai»ant  in  early  life  often  become  agreeable  in  later  years,  lna>Jmnch 
AS  tlie  tasle  is,  to  some  extent,  an  expression  of  the  nutritive  demands  of  the  system,  it  is 
foond  to  vary  under  different  conditions,  Chlorotic  females,  for  example,  frequently 
crave  the  most  unnatural  articles,  and  tliese  morbid  tastes  mny  disappear  under  appro- 
priate treatment.  Inhabitants  of  the  frigid  zones  seem  to  crave  fatly  articles  and  will 
jeven  drink  rancid  oils  with  avidity.     Patients  often  become  accustomed  to  the  most  dis- 

eeablo  remedies  and  take  them  without  repugnance.     Again,  the  most  savory  dishes 

y  even  excite  disgust,  when  the  sense  of  taste  has  become  cloyed,  while  abstinence 
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sometimes  lends  a  delicioua  flavor  to  the  simplest  articles  of  food.  The  taste  for  certain 
articles  is  certainly  acquired,  and  this  is  almost  always  true  of  tobacco,  dow  so  larg«lj 
used  in  civilized  countries. 

Any  thing  more  than  the  simplest  classification  of  savors  is  difficult,  if  not  imposiibk. 
We  recognize  that  certain  articles  are  bitter  or  sweet,  empyreumatio  or  insipid^  aeid  or 
alkaline,  etc.,  but,  beyond  these  simple  distinctions^  the  shades  of  difference  are  olosdj 
connected  with  olfaction  and  are  too  delicate  and  nutiierous  for  detailed  descriptios. 
Hany  persons  are  comparatively  insensible  to  nice  diistiactions  of  tai^te,  while  others  ree^^g- 
nlze  with  facility  the  most  delicate  differences.  8trcmg  impressions  may  remove^  for  & 
time,  the  appreciation  of  less  powerful  and  decided  flavors.  The  tempting  of  the  appetite 
by  a  proper  gradation  of  gustatory  and  odorous  impressions  is  illustrated  in  the  modeni 
euisinf^  which  aims  at  an  artistic  combination  and  succession  of  dishes  and  wines,  so  tlisl 
the  agreeable  sensations  are  prolonged  to  the  ntmost  limit.  This  may  often  be  reganled 
as  a  violation  of  strictly  hygienic  principles,  but  it  none  the  less  exemplifies  the  coltivi' 
tion  of  the  sense  of  taste. 

In  discussing  the  physiology  of  taste,  we  shall  avoid  an  elaborate  and  artificial  chini- 
fication  of  savory  articles,  and  shall  use  tlie  terms  sweet,  acid,  bitter,  etc.,  as  they  are 
commonly  understood.  We  shall  first  describe  the  physiological  anatomy  and  propertiei 
of  the  gustatory  nerves,  and  then  consider  the  mechanism  of  gustation,  the  si}ccial  oifniw 
of  taate^  an4  the  probable  mode  of  connection  between  the  organs  of  taste  and  the  nerrei* 

Kert£i  of  Taste. — Two  nerves,  the  chorda  tympani  and  the  glosso-pharyngeal,  preside 
over  the  sense  of  taste.  These  nerves  seem  to  be  distribnted  to  distinct  portions  oS  the 
gnatatory  apparatus  and  to  have  somewhat  different  functions.  The  chorda  tympani  hii 
already  been  referred  to  as  one  of  the  branches  of  the  facial ;  the  glosso-pharyngt&aJ^  ocht 
of  the  nerves  of  the  eighth  pair,  has  not  yet  been  described. 

Chorda  Tympanu— In  the  description  we  have  given  of  the  facial,  the  chorda  tympcai 
is  spoken  of  as  the  fourth  branch.  It  passes  through  the  tympanum,  between  the  osalolaf 
of  the  ear,  and  joins  the  inferior  maxillary  division  of  the  fifth,  at  an  acute  angles  betwMH 
the  two  pterygoid  muscles,  becoming  so  closely  united  with  it  that  it  cannot  be  folh>wad 
farther  by  ortVmary  dissection.  (See  Fig.  202,  p.  622,)  It  is  impossible  to  determine  with 
certainty  from  what  root  the  filamenta  of  this  branch  derive  their  origin,  whether  from 
the  main  trunk  or  tJie  intermedinr}-  nerve  of  Wrisberg;  but  experiments  have  siiown  that 
it  posaessea  functions  entirely  distinct  6^om  those  of  the  other  branches  of  the  facial.  The 
lingual  branch  of  the  inferior  maxillary  division  of  the  fifth  haa  been  c>alled  the  gnitatorj 
branch  \  but  this  is  an  error ;  for,  as  we  shall  see,  the  fifth  baa  nothing  to  do  with  goaUr 
tion,  except  that  it  is  joined  with  filaments  of  the  chorda  tympani,  which  reach  the  toogw 
through  the  lingual  branch. 

As  regards  the  course  of  the  filaments  of  the  chorda  tympani  after  this  nerve  has  joined 
the  fifth,  there  can  be  no  doubt,  both  from  the  effect  upon  ta^te  and  the  alteration  of 
the  nerve-fibres  following  its  division.  Ynlpian  and  Prevost,  by  the  so-called  WalleHan 
method,  after  dividing  the  chorda  tympani,  found  degenerated  fibres  at  the  terminaiion» 
of  the  lingual  branch  of  the  fifth  in  the  mucous  membrane  of  the  tongne,  the  fibres  being 
examined  ten  days  or  more  after  the  section.  It  is  well  known  that,  a  number  of  days 
after  the  section  of  a  nerve,  its  fibres  of  distribution  undergo  change,  and  these  observa- 
tions leave  no  doubt  of  the  fact  that  the  chorda  tympani  i^^  really  distributed  to  the  lingutl 
mucous  membrane.  Observations  upon  the  sense  of  taste  show  that  the  chorda  tympani 
is  distributed  to  about  the  anterior  two-thirds  of  the  tongue. 

The  general  properties  of  the  chorda  tympani  have  only  been  ascertiuned  by  obsemr 
tiona  made  after  its  paralysis  or  division.  All  experiments  in  which  excitatton  haa  been 
applied  directly  to  the  nerve  in  living  animals  have  been  negative  in  their  reaolla 
Longet  states  that,  when  the  nerve  has  been  isolated  as  completely  as  possible  and  iS 
refflex  action  is  excluded,  its  galvanization  produces  no  movement  in  the  tongue. 
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It  ii  now  established  beyond  qoostion  tliiit,  in  eases  of  fadol  palsy  in  which  the  Icdion 
Affects  the  root  m  deeply  aa  to  involve  tlio  chorda  tympani,  there  is  loss  of  taste  in  the 
anterior  two-thirds  of  the  tongue,  tactile  sensibility  being  unafFected;  and  numerous 
casM  lilustratinji;^  tills  fact  have  been  cited  by  varioua  aathors.  Aside  from  cases  of 
paralysis  of  the  facial  with  impairment  of  taste,  in  which  the  jfuneral  sensibility  of  the 
tongue  is  intact,  numerous  inatances  are  on  record  of  affectiooa  of  the  fifth  pair,  in  which 
the  tongue  is  absolutely  insenabl©  to  ordinary  impressions^  the  aenae  of  taste  bc*ing  pre- 
served. A  number  of  such  oases  have  been  reported,  which  show  conclusively  that  the 
fifth  pair  presides  over  general  sensibility  only,  anil  that  it  is  not  a  gustatory  nerve,  except 
by  virtue  of  filaments  derived  from  the  chorda  tympani. 

Passing  from  the  consideration  of  pathological  eases  to  experiments  upon  living  ani- 
mal^ the  results  are  equally  satisfactory.  Although  it  is  somewhat  difficult  to  observe 
impairment  of  taste  in  animals,  Bernard  and  others  have  succeeded  in  training  dogs  and 
cttta  so  as  to  observe  the  effects  of  coloi?ynth  and  various  sapid  substances  applied  lo  the 
tongue*  In  a  great  number  of  exfjcriinunts  of  this  kind,  it  has  been  observed  that,  after 
WUl/tK/l^  ^^  the  chorda  tyrupnni  or  of  the  facial  so  as  to  iBvolve  the  chorda  tympani,  the 
^HllPbr  taste  is  abolished  in  the  anterior  two-thirds  of  the  tongue  on  the  side  of  the  sec- 
tion. However  this  result  may  be  explained,  the  fact  remains,  that  section  of  the  nerve 
m  the  lower  animals  is  followed  by  the  same  results  as  those  observed  in  pathological 
observations.  In  a  remarkable  case  reported  by  Moos,  the  introduction  of  an  artificial 
Djembrana  tympani  was  followed  by  loss  of  taste  upon  the  corresponding  side  of  the 
tongue,  and  upon  both  sides,  when  a  membrane  was  introduced  into  each  ear.  This  dis- 
appeared when  the  inembranef=t  were  removed,  and  the  phenoraena  were  referred  to 
preestire  opon  the  chorda  tympani.  Experimenters  are  somewhat  at  variance  with 
regard  to  the  effects  observed  upon  animals,  some  asserting  that  the  sensations  of  taste 
are  simply  delayed  in  tlieir  manifestation  ;  but  we  must  remember  the  difficulty  of  snoh 
obserrations,  and  we  are  to  rely  mainly  upon  the  unmistakable  phenomena  noted  in 
eaaes  of  alfection  of  the  chorda  tympani  in  the  human  subject. 

It  seems  tolerably  certain,  first,  that  the  gustatory  filaments  of  the  lingual  branch  of 
the  fifth  are  derived  exclusively  from  the  chorda  tympani;  second,  that  the  chorda  tym- 
pani, viewed  as  a  gustatory  nerve,  is  really  a  branch  of  the  facial ;  third,  that  many  cases 
of  paralysis  of  the  entire  largo  root  of  tlie  fifth,  in  the  human  subjeot,  present  loss  of 
general  sensibility  in  the  tongue  and  no  alteration  of  taste ;  and  fonrth,  that  paralysis  ot 
the  facial,  behind  the  origin  of  the  chorda  tympani,  is  attended  with  loss  of  taste  in  the 
anterior  two-thu-ds  of  the  tongue,  without  any  affection  of  the  general  Bcnsibility  of  this 
organ* 

As  a  summary  of  our  knowledge  regarding  the  gustatory  properties  of  the  anterior 
two-thirds  of  the  tongue,  certainly  in  the  human  subject,  it  may  be  stated  without 
reserve,  that  these  properties  depend  upon  the  choi-da  tympani,  its  gustatory  filaments 
being  derived  from  the  facial  and  taking  their  course  to  the  tongue  with  the  lingnal 
branch  of  the  inferior  maxillary  division  of  tlic  fifth.  In  addition,  the  lingual  branch  of 
the  fifth  contains  filaments,  derived  from  tlie  large  root  of  this  nerve,  which  endow  the 
mucous  membrane  with  general  sensibility. 

Gloit$0'Pharynffeal  N^rte  (First  Dhuwn  ([f  the  Eighth), — ^The  glossn-pharyngeal  is 
distribttted  to  those  portions  of  the  gustntory  mucous  membrane  not  supplied  by  filaments 
the  chorda  tympani.  It  is  undoubtedly  a  nerve  of  taste;  and  the  question  of  its 
r  functions  will  be  fully  considered  in  connection  with  its  general  properties,  as  well 
lis  the  ditrerenees  between  this  nerve  and  the  chorda  tympani,  We  have  mentioned  this 
nerre  in  another  chapter  as  the  first  division  of  the  eighth  pair  according  to  the  classifi- 
cation of  Willis,  but  we  have  to  treat  of  its  physiological  anatomy  in  this  connection,  as 
its  nir>st  important  function  is  in  connection  with  gustation. 

PhyswUtgiml  Anatomy  of  the  Glo^sa^Pharyn^eaL — The  apparent  origin  of  tlie  glosso- 
phalangeal  is  from  the  groove  between  the  lateral  tracts  of  the  medulla  oblongata  and 
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the  inferior  peduncle  of  the  eerebellum,  between  the  roots  of  the  auditory  nerve  aboT 
iind  the  pneumo{i:rtstric  below.     A  number  of  it^  fikutent^  of  origiu  come  frmii  ilifl 
medulla  and  a  portion  from  the  peduncle.     The  dee[)  origin  is  neai'ly  the  same  as  that  of  I 
the  pneuinogastnc,  its  filaments  arising  primarily  frum  tlie  gray  subataoce  of  the  m«^du]lI| 
oblongata.     From  this  origin,  ihe  filament*  jiaj^s  forward  and  outward  to  the  fJost*?ri(j 
foramen  lacerum,  which  the  nerve  enters  in  company  with  tite  pneumoga8tric\  the  Bpiuaj 
accessory,  and  the  internal  jugular  vein.     At  the  upper  portion  of  the  foramen,  is  a  tJualll 
ganglion,  the  jugular  ganglion^  including  only  a  portion  of  the  root.    Within  the  foramtJ2,| 
iH  the  main  gimglion,  including  all  of  the  filamuuts  of  tlie  trunk,  called  the  petrous  gau-J 
glion,  or  the  iranglion  of  Anderich,  after  the  anntomi^t  by  whom  it  was  first  describetl. 

At  or  near  the  ganglion  of  Andersch,  the  glo^s<>[ih«ryngeal  nsmilly  receives  a  dc4icflttl 
filament   from  the  pneimiogtistric.      This  communication  is  sometimes  wanting.     TL^l 
same  may  be  said  of  a  small  filament  passing  to  the  glosso-pharyngeal  fron\  the  CK:ia]«| 
%vhich  is  not  constant.     Branches  from  the  glosso-pharyngeal  go  to  tJie  otie  gangHon  iad 
to  the  carotid  plexus  of  the  sympathetic. 
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The  distrihntion  of  ibc  glosso-pbaryngeal  is  fiuito  extensive.  The  tympanic  brmeK 
the  nerve  of  Jaeobson,  arises  from  the  anterior  and  external  part  af  the  gnngfioti  of 
Antiersch,  and  enters  the  cavity  of  the  tympflnnrn,  where  it  divides  int^  six  brandwi^ 
Of  these  six  branches,  two  poi»tcrior  are  distributed  to  the  TOU(?ons  membrnno  of  t!» 
fenestra  rotunda  and  the  membrane  snrrounding  the  fenestra  ovalis ;  two  anterior  tm 
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dLstribtited,  one  to  the  carotid  canal^  where  it  anfiBtomoses  witb  u  branch  from  the  soiie- 
rior  cervictil  ganglioD,  and  the  atlier  to  the  mncoua  meiubratie  of  the  Eui^Uuliiau  tub^; 
two  superior  brunches  are  distributed  to  tbe  otio  ganglion  and^  us  is  stilted  by  some  anat- 
otnistSf  to  the  spheno-palatiuo  ganglion. 

A  Uttle  Uelow  the  posterior  foramen  lacerum,  the  glosso-pharyogeal  sends  branches 
to  the  pusterior  belly  of  the  digastric  and  to  thv  etylo-hyoid  musck-.  There  is  also  a 
brunch  whicli  joins  a  filament  from  tbe  facial  to  the  stylo-glossus. 

Opposite  the  middle  ounstrictor  of  the  pharynx^  three  or  four  branelies  join  brflnches 
from  the  pncuioogastric  and  tlie  sympathetic  to  form  ti>jrether  the  pharyngeal  plexue. 
This  plexus  contains  numerous  gangUonic  points^  and  tilaments  of  distribution  from  the 
three  nerves  go  to  the  mncoug  niembranu  and  to  the  constrictors  of  the  pbarynx.  Prob- 
ably, the  raucous  membrane  is  supplied  by  the  glosso-pliaryugeaL  As  w»5  have  stated  in 
another  chapt4;«r^  it  is  probable  that  the  muscles  of  the  pliarynx  are  supplied  by  filamenia 
from  the  pncumogastric,  M^bich  are  originally  derived  from  the  spinal  accessory. 

Near  the  base  of  the  toogue,  branches  are  sent  to  tbe  mucous  membrane  covering  tho 
tonsils  and  the  soft  palate. 

The  lingual  branches  penetrate  the  tongue  about  midway  between  its  border  and 
eentre  and  are  distributed  to  the  mucous  membrane  at  its  base,  being  probably  connected 
with  the  papilite. 

General  Propertm  qfthe  Glouo-PharyngmL — As  in  the  Ciise  of  other  sensory  nervea 
emerging  from  the  cranial  cavity,  it  is  liuporfantj  in  studying  the  general  properties  of 
the  gbj»8o-pbai'yngeal,  to  luuke  our  observations  under  certain  conditions,  B^irst,  it  must 
►  remembered  tbat  this  nerve  contracts  anastomoses  a  sliort  distance  from  its  origin. 
\%  we  desiiro  to  know  tbe  properties  of  the  original  filaments  of  the  nerve,  we  must 
operate  upon  it  before  it  lias  received  communicating  fibres.  Next,  in  irritiiting  sensory 
nerves^  we  are  liable  to  produce  reflex  contractions.  To  avoid  tljis,  the  nerve  must  be 
diviiled,  when  the  reflex  contractions  will  only  follow  stimulation  of  the  central  end.  It 
is  probably  from  a  neglect  of  these  essential  oxiterimental  conditions^  that  the  results  of 
direcfc  observation  have  been  so  discordant  in  the  hands  of  different  physiologists. 

To  begin  with,  we  sball  ast^ume  that  tlie  glosso-pharyngeal  nerve  must  be  irritated  be- 
tween its  origin  and  the  ganglion  of  Andersch,  in  order  to  avoid  anastomosing  tilameuta 
from  motor  nerves,  and  that  the  nerve  must  be  divided  and  irritation  be  applied  to  its 
peripheral  end,  to  avoid  reflex  movements.  Assuming  the^e  conditions  as  essential,  we 
can  discard  most  of  the  earlier  experiments,  as  open  to  the  objections  we  have  mentioned, 
Longet,  operating  upon  horses  and  dogs,  after  removal  of  the  cerebral  lobes  and  division  of 
tbe  glossO'pharyngeal,  found  that  galvanization  of  tho  peripheral  extremity  of  tho  nerve 
did  not  produce  movements  of  the  palate  or  pharynx;  and,  from  these  experiments,  ho 
concludes  that  the  nerves  are  exclusively  sensory  at  their  roots,  or,  at  leasts  that  they  do 
not  contain  motor  filaments.  In  another  chaj^ter,  under  the  head  of  movements  of  tho 
palate  and  uvula,  we  have  cited  in  detail  a  series  of  experiments  whieh  illustrate  tho 
reflex  movements  of  the  velum  paUiti  through  the  facial,  i»roduced  by  galvanization  of 
the  glosso-pharyngeaL  As  a  complement  to  tbe  ii^^t  experiments  of  Longet,  just  cited, 
tin?  same  observer  noted  contractions  of  the  pharyngeal  muscles  following  galvanization 
of  the  peripheral  end  of  the  divided  nerve  in  the  neck,  which  could  only  be  produced  by 
the  action  of  motor  anastomosing  filaments. 

As  regards  general  seoyilulity,  there  can  bo  no  doul>t  of  the  fact  that  tbe  glosso- 
pharyngeal is  sensory,  although  its  sensibility  is  somewliat  obtuse.  In  the  experiments  in 
which  the  nerve  has  seemed  to  be  insensible  to  ordinary  impressions,  it  i^  probable  that 
the  atiimals  operated  upon  had  been  exhausted  more  or  less  by  pain  and  loss  of  blood  in 
the  operation  of  exposing  the  nerve,  which,  it  is  well  known,  abolish  the  8^.*nsibility  of 
some  of  the  nerves,  Longet  states  distinctly  tliat,  unless  the  animals  (dogs)  be  already 
oxhao^ted  bj  resistance  during  the  operation,  they  have  always  appeared  to  suffer  pain 
on  pinching  or  dividing  the  glosso-phaiyngeal. 


764 


SPECIAL  SENSES, 


ExperimeDts  upon  the  gloaso-pharyngeal  are  Dot  very  definite  and  satisfactory  tn  tbi 
results  ^aa  regards  the  general  6t?Dsibility  of  the  base  of  the  toDgiie,  tht^  palate,  mid  th 
pharjnx.    The  sensibility  of  these  parts  seems  ta  depend  chieHy  upon  branches  of  the  1i; 
passing  to  the  mucous  membrane  through  Meckel's  ganglion.     Experiments  shoir, 
that  the  re^ex  phenomena  of  deglutition  take  place  mainly  through  the^  branches  of 
fifth,  and  that  the  glosso-pharyngeal  has  little  or  nothing  to  do  with  Uje  process.    In  fari 
after  division  of  both  glosso-pharyngeal  nerves,  deglutition  docs  not  seem  to  be  a0ccti?d. 

With  these  remarks,  we  dismiss  the  functions  of  tlie  glosso-phuryngeala  as  nerve«  of 
general  sensibility  and  shall  consider  in  detail  their  reliitious  to  tbe  sense  of  taste 

Reiatwm  of  the  OlosiM>-Fharyiigml  Ncrt^ta  to  Gtmtation.—'ReWm^  upon  expcrimenn 
on  the  inferior  animals,  partionlarly  dogs,  it  seems  pretty  certain  tljat  there  are 
nerves  presiding  over  the  sense  of  taste :   The  chorda  tympani  gives  this  sense  to 
anterior  portion  of  the  tongue  exclusively^  probably  the  anterior  lwo*thirds ;  the  gl 
pharyngeal  supplies  this  sense  to  the  posterior  portion  of  the  tongne  j  the  chorda  tympani 
seems  to  have  nothing  to  do  with  general  sensibility ;  while  the  glosso-pharyngeal  i«  an 
ordinary  sensory  nerve,  as  well  as  a  nerve  of  ispecial  sense. 

Where  there  are  such  ditferences  iu  the  delicacy  of  the  sense  of  taste  as  exist  usiiall; 
in  different  individuals,  it  must  be  difficult  to  describe  with  accnniey  delicate  shades  ol 
savor,  particularly  in  alimentary  substances ;  hut  the  distinct  impressions  of  acidity 
bitter  <jualiiy  are  easily  recognizable.  It  is  certain,  however,  that  saline,  acid,  and  styptii 
tastes  are  best  appreciated  through  the  chorda  tympani,  and  that  sweety  alkaJine,  bitt«^f, 
and  metallic  impressions  are  received  mainly  by  the  glosso-pharyngeal. 

Met^hanmn  of  Gustat i&ji.— TI\g  mode  in  which  sapid  substances  are  brouglit  in  coj 
tact  with  the  organ  of  taste  is  so  simple,  that  we  need  only  allude  to  it,  before  we  stnd 
the  imatomy  of  the  parts  directly  concerned  and  their  connections  with  the  terminal 
filaments  of  the  gustatory  nerves.     In  the  first  place,  the  articles  which  make  the  special 
impression  are  in  solution ;  id  trod  need  into  the  mouth,  they  increase  the  flow  of  Balita^ 
the  reflex  action  involving  chiefly  the  stibmaxillary  and  sublingual  glands;  there  is  nsa- 
ally  more  or  less  mastication,  which  increases  the  flow  of  the  parotid  saliva ;  and,  durin^ 
the  acts  of  mastication  and  the  first  stages  of  deglutition,  the  sapid  -   '  ^  are  dii- 

tributed  over  the  guslatorv  membrane,  so  much  so,  indeed,  that  it  is  > >  exactly 

locate  the  seat  ot  the  special  impression.  In  this  way,  by  tLe  movements  of  the  tongne, 
Elded  by  an  increased  flow  of  saliva,  the  actual  contact  of  the  savory  articles  is  rapidly 
eflTected.  The  thorough  distribution  of  these  substances  over  the  tongue  and  the  rancou* 
membrane  of  the  general  buccal  cavity  leads  to  a  certain  amount  of  confusion  in  oar 
appreciation  of  the  special  impressions;  and,  in  order  to  ascertain  if  diflerent  portl* 
of  the  membrane  possess  dtfl^erent  properties,  it  is  necessary  to  make  careful  expenmenti^ 
limiting  the  points  of  contact  as  closely  as  possible,  Thb  has  been  done,  with  the  resall 
of  showing  that  the  true  gustatory  organ  is  quite  restricted  in  its  extent,  osd,  aa  anc^  i&| 
demands  special  anatomical  description* 

Pkynologkal  Anatomy  of  the  Organ  of  Taste, — Recent  aoatoinical  and  physiologi<Sil 
researches  have  shown  that,  at  least  in  the  human  subject,  the  organ  of  taste  is  probably 
confined  to  the  dorsal  surface  of  the  tongue.  When  we  examine  the  structure  of  Ihf 
mucons  membrane  of  the  mouth,  tongue,  and  palate,  we  find  that  the  upper  surface  of 
the  tongue  presents  numerous  papiUte,  called,  in  contradistinction  to  the  filiform  papfll», 
fungiform  and  circumvallate.  These  are  not  found  on  its  under  surface  or  any 
excepit  on  the  superior  portion.  It  is  now  pretty  well  eatablished  that  the  circnmvi 
and  fungiform  papillae  alone  are  the  organs  of  taste,  Camerer,  in  some  recent  e: 
ments  upon  the  gustatory  organs  by  the  application  of  solutions  to  diflferent  parts  ll 
fine  glass  tubes,  concluded  that  the  j^art^  nround  a  papilla  have  no  gustatory  sen«it>ility,  hot 
that  different  savors  can  be  distingtiished  when  a  single  papilla  is  touched.  These  obser- 
vations give  a  new  importance  to  the  peculiar  papill®  of  the  tongne,  and  wc  therefore 
present  a  description  of  their  arrangement  and  structure. 


Ing  to  Sappej,  from  one  hundred  and  fifty  to  two  hundred  of  theso  can  easily  be  counted. 
Tbe«e,  also,  present  secondary  papillfD  on  tlieir  stir  face.  When  the  mucoua  mem  bran  o  of 
tJi#  totigtt«  18  examined  with  a  low  magnifying  power,  particularly  after  macoration  in 
acetie  or  dilate  hydrochloric  acid,  their  stmcture  is  readily  obeerved.  Tliey  are  ubtm- 
daotl;  frujiplieil  with  blood-vessels  and  nerves- 

ToMU'Budt,  or  Ta9t4'Btahert. — A  few  years  ago,  Lov^n  and»  a  little  later,  Schwalbe 
described*  under  these  natnea,  peculiar  structures,  which  are  supposed  to  be  the  true 
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organs  of  tasto.  Tliey  nro  found  on  the  lateral  slopes  of  tlie  csrcnmrollate  paf>UtiD  ati4 
occasionally  on  the  fongiform  paiJilhe,  Tiio  gtracture  of  these  orgaog  U  very  slmpleJ 
They  consist  bf  flask-like  collections  of  spindle-shaped  eelli*,  u  hkh  arc  received  into  llrrl<| 
excavations  in  the  epithelittl  covering  of  the  macou«  membrane,  the  bottom  resting  upofl 
the  connective- tissue  layer.     Their  form  is  ovoid,  and,  at  the  neck  of  the  i^a^  ia 
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Fig.  23T.  Fj^i,  20-., 

Vtt  HiUii'  1  of  ptijnfhp  of  th  f  t^ >  n .;  u(.     t  S;i j  i  |H'y , ) 

FliT- ^7.— Medlum-tlb^  clrrumvaUjito  |iM|)llln  :   1,  papilbk,  tin^  hn^v  i:<nlv  Ih  sue  Ap]iar^^t:  It  1a  tc<^n  ihM  tb<>  t«**  la 

civ«red  Witli  ikjcurniiirj^  f^npilla-:  1  ^vtu.wi.-  ^H-tw  r.-a  the  lapilhi  jvrnJ  tlii'  -  ii  cur.injiu'  w.iU ;  n,  i,  w,,!!  ,.r  n,,-  \*»\A\k. 

IictpllUL,  with  Tcrtii'jil  |lrl>tl•U|fati•)n^ :  siiifomi  |>apilJit\  win  *,,  ffl- 

Ltnii  bdpdlff',  with  itrlatloDft  at  tfaeir  lta4s«.'ii;  T,  T,  bemliplivrtcal  papULi^  iLijjlilI^   tij^^ianiit^  p'-tuati:!  U4w^<«ftthi 
(iitiguorm  mod  Umi  filKbrm  paplUnp. 


rounded  opening,  called  the  taste-pore.  Their  lengtb  is  from  ^  to  ^,  and  tbeir  tranfr 
verse  diameter,  about  ^^  of  an  inch.  The  cavity  of  the  taste-beakers  is  filled  with  cells^ 
€)f  which  two  kinds  are  descrihed.  The  first  variety,  the  outer  cellei,  or  the  cover-eella, 
are  spindle-sbaped,  and  curved  to  correbjK^nd  to  the  wall  of  the  beiiker.  These  com©  ui 
n  point  at  the  taste-pore.  In  the  interior  of  the  beaker,  are  clonguted  cells,  with  larg^^ 
clear  nuclei,  which  are  called  taste-cells.    It  is  supposed  that  nerve-fibrils  are  connected 

directly  with  these  cells,     A*  far  as  wi 
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can  learn,  the  only  reason  why  thcic 
structures  are  connected  with  thephyil- 
ology  of  gustation  is  on  account  of  their 
anatomical  relations  to  the  gustatory 
pupiJlre. 

It  now  remains  only  to  note  the  ulti- 
mate distributioD  of  the  nerves  in  thtf 
gustatory  organ.  Upon  this  point,  ana- 
tiimical  researches  are  not  entirely  i«l» 
isfactory.  However,  th©  following  de 
acription^  by  El  in,  may  be  regariled  u 
probably  cnrrect,  although  the  ficU 
have  not  been  ubsoliitely  demonstnl^ 
According  to  this  authority,  from  the  submucous  ti.^sue,  small  nerve-branches  pass  per 
pendicnlarly  to  the  upper  layer  of  the  membrane.  These  fibres  have  a  varicose  ap()ear* 
ance.  In  Wab  most  superfieiiil  layer  of  the  mucous  membrane,  there  is  a  net- work  of  ftiw, 
Don-medullated  fibres ;  and,  from  this  net- work,  branches  follow  the  blood -vessels  into  ll»0 
papilijD  and  penetrate  the  epithelium.  Sometimes,  though  more  seldom,  they  pasn  mto 
tlie  epitheliutn  lying  between  the  papilla?,  in  this  layer,  there  are  branches  which  «J<J, 
some  in  nervo-cells,  and  some  taking  a  winding  course  and  passing  into  ndgUbeviiif 
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These  descnj>tjon3  ar»»  from  preparatJonft  innde  witli  chlariile  of  gtild ;  but  the 
{ilatei  by  wliioh  they  are  illustnited  are  ^otiiewlmt  unsatisfactory, 

Accordmg:  to  tbe  views  of  tboso  wbo  iiav©  described  tbe  so-called  ttiste-beakers,  iapid 
•olijtkiDs  flod  their  way  into  tbe  iritcrior  of  tbene  btruetures  throogb  tbe  tasite^pores  «ud 
eonie  in  contact  with  wbat  have  been  called  the  tat>te-ccllB,  these  structures  beiDg  directly 
t^utmected  with  tbe  terminal  tiluments  of  tbe  gostatory  oerves. 
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GcDMut  cnDiVlfratlotii — ^PhyflolocrlfiAl  anntom)-  and  sfcnoral  propertiM  of  tbe  i»pll6  n*rv(?ji— Phyfi"k>irlf'*l  ariatomj  of 
the  ejrrtttU— Sclomtlc  rtiat— Cornea— Mftnhmtio  of  Ik'scvmi'L,  or  of  Demoon^Lli^iiunlum  Srldb  iMJcUiwtun)— 
Ch«mlf|  coAt— C'lllsry  pmcciutos— CiU-try  nuiftcti— ItIs— Poplllarj'  n«finbruij«— R«tta*— Urj»tiUllm'  Um»— A<iU*Jon* 
hiimor— ("hatn^wr^  nf  ihi*  cyf  — Vitrcuiu  Utmior— tJuuiiiiary  of  tho  Anatomy  of  th*'  (|p|n.N*— The  i^yv  at  iu  optical 
II,  di!<persiim,  i'lCt  be4irln^  upon  tlu'  pbysloKipy  of  >.  ri*«#  of  U^bl — R<?- 

hypcrmetroplA— Formation  of  Imajfi'*  In  the  I'V**— '  rtfiractloB  Iu  tho 

*'f  fhe  Iris— DJroctftCtion  ofliffbl  m*ou  llie  Irl*— AtU ^    .- 1  vaiutyctvui  upon 

!!h  ritD  of  the  irLi — AccoiuuiodntUin  of  the  cyt:  to  viaiou  at  dltft^ivut  dlMuioiM — 

[Lini'ii'1;itiau — ActloQ  of  iho  clWhTV  rnxunciv — Ctinngvfr  in  Uif  IriM  in  Aecom- 

iMi(ii,'ol  lOTOrted  Upou  tlio  rftiOB—Sinifle  rlrffHj  inrltli  both  eves — Cor- 

lion  of  ilif Udcc  nvd  of  tbi*  farm  of  ubJrctA— ^lechiuiUtu  of  tbo  i«t«rtfO- 

!  rradliitloB— Movemuuta  of  iho  -L-ypliiiil— Musch**  of  ihc  cyrball — F&rtJi 

MqacIo-h  which  open  iind  clo«u  the  vyclld«»-CcioJuxietivi»t  muL^oua 

v.v     -  .,^* ..  oitlon  oftlie  tKon. 


t»*iMtn\\n(F  point*— Tbe  bomi 
'  atoD  of  lumir  < 
A-CtlOB  of  V>. 

i.,.  ......  ,u.  — Laetuymai  aii,..u. 


Twg  chief  important  points  to  be  considered  in  the  physiology  of  vision  nre  tbe  fol- 
lowing : 

1,  The  pliyBiolo^cttl  anatomy  and  tbe  jpreneral  properties  of  tbe  optic  nerve?. 

2,  The  phyaiohi^ioal  anatomy  of  the  parts  essential  to  correct  vision. 

3,  The  laws  of  relraction^  ditTusion,  etc,  bearings  upon  tbe  physiolotry  of  vision. 

4,  The  action  of  the  different  parts  of  the  eye  in  the  production  and  appreciation  of 
correct  images, 

5,  Binocular  vision, 

6,  Tlie  physiological  anatomy  and  the  functiona  of  accessory  parts,  as  the  muscles 
wliidi  move  the  eyeball. 

7,  The  physioloffical  anatomy  and  the  functions  of  the  parts  wliich  protect  the  eye,  as 
the  Ittchrymiil  glands,  eyelids^  etc. 


Phif»iolo*ji^al  Auatomy  of  the  Optk  Kertt*, — Tlie  optic  nerves,  or  optic  tracts,  takt* 
their  origin,  ench  by  two  principal  root^of  white  matter  and  a  few  tilHiuents  from  what  is 
d«6cribed  as  tbe  gray  root,  chietly  from  tbe  tubercubi  quadrigemina,  hut  in  part  fnnn 
thosv  portions  of  the  encepbalon  over  which  the  nerve**  {»a'^«  tt»  pj  to  the  eyes.  The 
internal  whit^?  root  arises  from  the  posterior,  and  the  external  white  root,  which  is  the 
^froxn  the  anterior  tubcrculum.  Tbe  gray  root  is  situated  in  front  of  and  above 
I  coniroissnre  and  is  a  dependence  of  tbe  jrray  matter  wbicli  covers  the  internal 
snr&ev  of  the  optic  thalamus.  It  arises  from  the  pray  matter  which  congtltulesi  the  ante- 
rior tloor  of  tbe  third  ventricle,  in  the  form  of  delicate  filaments  whiolt  join  the  optic 
nerves  at  this  point. 

The  apparent  origin  of  tbe  o]»tic  nerves  is  from  the  tubercula  quadrigemino,  receiving 
filaments  from  the  corpora  gcnioiilata,  the  optic  thalamic  tbe  peduncles  of  the  cerebram, 
ttiQ  anterior  snbstantia  perforata^  the  tviber  cinereum,  and  the  lamina  terminolis.  It  has 
Uios  far  been  found  irapossilrle  to  trace  all  these  roots  to  their  true  origin  in  the  cerebral 
sabstance;  bnt  experiments  upon  the  lower  animals,  in  which  it  has  been  sliown  that 
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the  sense  of  sight  Is  conipletelj  abollshod  bj  destructioD  of  the  tuUerealii  quadrigemiGi 
(called  bigemina,  in  birds),  show  that  the  origiii  of  the  fHoiuents  that  preside  over  vmo\ 
i»,  m  all  probability,  from  these  bodies. 

The  two  principal  roots  of  tlie  optic  nerves  umt% 
aboTe  the  external  corpas  geniciUatum,  fonaiiig  • 
tlattened  bacd^  which  takes  an  oblique  course  aroaad 
the  under  surface  of  the  crus  cerebri  to  the  optio 
commissure.  This  is  usually  called  tbe  optic  tract, 
in  contradistinction  to  the  optic  nerve,  which  is  d^ 
dcril)ed  as  arising  from  the  optic  conunisii^ure. 

The  optic  commissure,  or  chiasmi  is  situated  just  to 
froDt  of  the  corpas  einereum,  resticg  upon  the  olivary 
process  of  the  sphenoid  bone.  As  its  name  impUee^ 
thia  is  the  point  of  union  between  the  neryes  of  the 
two  sides*  At  the  commisgure^  the  fibres  from  th« 
optic  tracts  take  three  directions ;  and,  in  addition, 
the  commissure  contains  filaments  passing  from  one 
eye  to  the  other,  which  have  no  connection  with  the 
optic  tracts.  The  four  sets  of  fibres  in  the  optic 
commissure  are  the  following: 

1,  Decussating  fibres,  passing  from  the  optic 
tract  upon  either  side  to  the  eye  of  the  oppositis 
?<ide.  The  greatest  juirt  of  the  fibres  take  this  direc- 
tion.    Their  relative  Bittiatiou  is  internal. 

2.  External  fibres,  much  less  numerous  than  tJio 
preceding,  which  pass  frum  the  optic  tract  to  the  eye 
upon  the  same  side. 

8.  Fibres,  situated  on  the  posterior  bonndarj  of 

the  commissure,  which  pass  from  one  optic  tract  to 

the  other  and  do  not  go  to  the  eyes.    These  0brct 

are  scanty  and  are  sometimes  wanting. 

4.  Fibres,  situated  on  tlie  anterior  border  of  the  commissure,  more  numerous  tJian  tho 

preceding,  which  pass  from  one  eye  to  the  other  and  which  have  no  connection  with  tlio 

optic  tracts. 

It  is  probable,  reasoning  chiefly  from  cases  of  cerebral  injnry  or  disease,  that  the  fila- 
ments from  the  optic  tracts  upon  the  two  sides  are  connected  with  distinct  portions  of 
the  retina;    and  two  putholotrtcal  cases  have  lately  been  reported  by  Drs.  Keen  and 

Tliomson^  of  Philadelphia,  which  go  to  show  that  this  Is 
the  fact,  and  which  illustrate  certain  interesting  pointi 
in  connection  with  the  decussation  of  the  nerves.  Oo« 
was  a  case  of  gunshot-woimd  of  the  head,  with  sevtre 
injury  of  the  brain- substance.  This  case  presented,  Iw* 
mediately  after  the  injury,  unconsciousness  and  partial 
paralysis  of  the  right  arm  and  right  leg,  which  lasted  two 
or  three  months.  About  a  year  after,  the  pamlyds  had 
almost  entirely  disappeared,  but  the  memory  waa  some* 
what  impaired.  Upon  careful  examination  of  the  eyca,  it 
was  ascertained  that  the  field  of  vision  was  divided  la 
each  eye  by  a  vertical  line  pa-^sing  through  its  centrv. 
In  the  right  eye,  the  inner  half  of  the  retina,  beginning  on 
a  line  with  t!»e  inner  border  of  the  macula  Intea,  was  entirely  insensilile  to  light  In 
the  left  eye,  the  outer  half  of  the  retina,  beyond  the  macula,  wa*i  insensible  to  light.  No 
pathological  ap[»earancea  were  observed  upon  examining  the  retina?  with  the  ophthalmo- 
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GENERAL  PROPERTIES  OF  THE  DPTIO  NERVES. 

le,  Tlie  second  caao,  reported  by  Dr.  W.  Tboiuson,  preaented  the  same  oondUion 
follow  log  partiiU  hemiplegiA,  tl»e  result  of  8aii»tr«>k»>.  Tho  poouliur  affet-tion  of  vision  in 
thesti  cius««,  cttUtMl  lienfiopsla,  especially  as  illuslrated  in  tho  firat  01^*^^  reported  Ly  Dr. 
K^Ui  caJl  be  explained  by  aitsuming  the  following  nA  the  eour^e  of  tiie  docussating  fibrca 
of  the  uptie  traets :  From  the  left  side  of  tho  encephftlon»  visual  fibresj  puee  to  the  right 
«ye,  supplying  the  inner  mathematical  half  of  tho  retioa,  from  a  vertical  line  passing 
through  the  nmcula  lutea.  Visual  fibres  also  pass  to  the  left  eye,  tfuppivitig  the  outer 
half  of  the  retina,  beginning  at  the  raaoula  Intea.  The  macula  lutea,  then,  and  not  tho 
point  of  entrance  of  the  optic  nerve,  h  in  tho  line  of  division  of  the  visual  field.  The 
ooter  half  of  the  left  and  the  inner  half  of  the  right  retina  are  supplied  by  fibres  from  the 
left  aide ;  and  the  outer  half  of  the  right  and  the  inner  half  of  the  left  retina  are  sup- 
plied from  the  right  side.  Although  tins  anatoraieal  arrangement  has  not  been  actually 
demonstrated,  it  i.^  rendered  exceedingly  probable  by  pathological  cases  like  those  jnst 
cited.  In  the  case  reported  by  Dr,  Keen,  the  left  side  of  the  brain  was  injnre<i,  as  the 
pariklysis  occnrred  in  the  right  leg  and  arm. 

With  the  exception  of  the  few  filaments  derived  from  what  have  been  described  aa  the 
gray  roots,  the  fibres  of  the  optic  tracts  and  the  optic  nerves  are  of  the  medullated  variety, 
and  they  present  no  diflFerences  in  struotnre  from  tho  ordinary  cerebro-spinal  nerves. 

The  optic  commissure  is  covered  with  a  fibrous  membrane  and  is  consequently  more 
ifcusting  than  the  optic  tracts.  From  its  anterior  and  outer  border,  arise  the  optic  &erveSf 
irhich  take  a  curved  direction  to  the  eyes.  The  nerves  are  rounded  and  are  enclosed  in 
a  doable  fibrous  sheath  derived  from  the  dura  mater  and  the  arachnoid.  They  pass  into 
the  orbit  upon  the  two  sides  by  the  optic  foramina  and  penetrate  the  scJlerotic  at  the 
postexior,  inferior,  and  internal  portion  of  the  globe.  As  the  nerves  enter  the  globe,  they 
lose  their  coverings  from  the  dura  mater  and  arachnoid.  The  sheath  derived  from  the 
dara  znater  is  adherent  to  the  periosteum  of  the  orbit  at  the  foramen  opticuni,  and^  when 
!l  reAcbea  the  globe,  it  fuses  with  the  sclerotic  coat.  Just  before  tho  nerves  penetrate  the 
^obe,  they  each  present  a  well-marked  constriction.  At  the  point  of  penetration,  there 
18  a  thin  but  strong  membrane,  preaenting  numerous  perforations  for  the  passage  of  the 
nervous  filaments.  This  membrane,  the  lamina  cribrosa,  is  in  j»art  derived  from  the 
sclerotic,  and  in  part,  from  the  coverings  of  the  individual  nerve-fibres,  wltich  lose  their 
inrosting  membranes  at  this  point.  In  the  interior  of  each  eye,  there  i^  a  little,  tnammil- 
lated  eminence,  formed  by  the  united  fibres  of  the  nerve.  The  retina,  with  which  the 
optic  nerve  is  connected^  will  he  described  as  one  of  the  coats  of  the  eye. 

In  the  centre  of  the  optic  nerve,  is  a  minute  canal,  lined  by  fibrous  tisane,  in  which  are 
lodged  the  central  artery  of  the  retina  and  Its  corresponding  vein,  with  a  delicate  nervous 
fllMoent  from  the  ophthalmic  ganglion.  The  veasels  penetrate  the  optic  nerve  a  short 
distance  (from  J  to  f  of  an  inch)  l)ehind  the  globe.  The  central  canal  does  not  exist 
Whind  these  vossela. 

Gentral  PropertiM  of  the  Optic  Nenset. — ^There  is  very  little  to  be  said  regarding  the 
general  properties  of  the  optic  nerves,  except  that  they  are  undoubtedly  the  only  nerves 
capable  of  conveying  to  the  cerebrum  the  special  impreesions  of  sight,  and  that  they  are 
not  endowed  with  general  sensibility. 

That  the  optic  nerves  are  tho  only  nerves  of  sight,  there  can  be  no  doubt.  Their 
division  or  injury  always  involves  loss  or  impairment  of  vision,  directly  corresponding 
with  the  lesion.  It  is  interesting,  however,  to  note  that  they  are  absolutely  insensible  to 
ordinary  impressions.  "We  can,  in  a  living  animal,  pinch,  cauterize,  cut,  destroy  in  any 
way  the  optic  nerve  without  giving  rise  to  the  slightest  painful  sensation ;  whether  it  be 

■  talcen  l>efor9  or  after  its  decosaation,  it  seems  completely  insensible  in  its  entire  length." 
I     (Longet.) 

■  Not  only  are  the  optic  nerve  and  retina  insensible  to  pain,  but  any  irritation  produces 
I  the  tmpreasion  of  light*  This  was  stated  in  the  remarkable  paper.  Idea  qfa  New  Anatomy 
I  49 
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qfths  Bra  in  ^  printed  by  Charles  Bell,  in  Idll.    A  few  years  lat^^r,  Magendie,  in  opei 
for  cataract,  passed  the  needle  to  the  batt-om  of  the  eye  and  irritat*?d  the  retina,  in  tw 
persons.     The  patients  experienced  no  pain  hut  merely  an  impression  of  flashes  of  Hgbi 
The  iDBensibllity  of  the  optic  nerves  has  also  heen  repeatedly  noted  in  snrgioal  open 
in  wliteh  the  nerves  have  been  exposed.     If  a  current  of  galvaniBm  be  passed  through  tli 
optic  nerves,  a  sensation  of  light  is  experienced.    The  eame  phenomenon  is  observed  when 
the  eyeball  is  pressed  upon  or  contused,  a  fact  which  is  snfficiently  familiar. 


3M>!t 


Physiological  Anatomy  of  tfis  M^ehaU, 

The  eyeball  is  a  spheroidal  body,  partially  embedded  in  a  cushion  of  fat  in  the  or^ 
protected  by  the  surrounding  bony  structureH  and  the  eyelidji,  itn  surface  bathed  by  tin 
secretion  of  the  lachrymal  gland,  and  movable  in  various  directions  by  the  action  of  eer 
tain  muscles.  When  the  axis  of  the  eye  is  directed  forward,  the  globe  has  the  form  of  i 
sphere  in  its  posterior  five*sixths,  with  the  segment  of  a  smaller  sphere  oocupyinir  lb 
ant-erior  sbctli.  The  segment  of  the  smaller  sphere,  bounded  externally  by  th©  cornea,  i 
more  prominent  than  the  re^it  of  the  surface. 

The  eyeball  is  made  up  of  aeyeral  coats  enclosing  certain  refracting  media.  The  ester' 
nal  coat  is  the  sclerotic,  covering  the  posterior  five-sixths  of  the  globe^  which  is  continnoaA 
with  the  cornea,  covering  the  anterior  sixth.  This  is  a  dense,  opaviue,  fibrous  mombriiDe, 
fyr  the  prot-ectioii  of  tlae  inner  coats  and  the  contents  uf  tfje  globe.  Tlie  cornea  u  dense, 
resisting,  and  perfectly  transfiarent.  The  muscles  that  move  the  globe  of  the  eye  tn 
attached  to  the  sclerotic  coat. 

Were  it  not  for  tbe  prominence  of  the  cornea,  the  eyeball  would  present  very  noirif 
the  form  of  a  perfect  sphere,  as  will  be  seen  by  the  following  measurements  of  its 
diameters;  but  the  prominence  of  its  anterior  sixth  gives  tbe  greatci^t  diameter  in  tlifi 
antero-poaterior  direction. 

The  form  and  dimensions  of  the  globe  are  subject  to  considorAbld  variations  ifkr 
death,  by  evaporation  of  tbe  humors,  emptying  of  vesselSf  etc.,  and  there  is  no  way  in 
which  the  normal  comlitiuns  ean'be  restored.  The  most  exact  measurements  are  thaw 
made  by  Sappey,  As  an  illustration  of  tbe  post-mortem  changes  in  the  eye,  Sappey  men- 
tions comparative  mea^'^urementa  made  three  hours  and  twenty -four  hours  after  deaths  Uie 
results  of  which  presented  very  considerable  differences. 

In  measurements  made  by  Sappey,  apparently  with  great  care  and  accuracy,  from  ado 
to  four  hours  after  death,  of  the  eyes  of  twelve  adult  females  and  fourteen  adult  lualcii  d 
different  ages,  the  following  mean  results  were  obtained : 
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From  these  results.  It  is  seen  that  nil  xiv^  *\\in\viivv>  him  less  In  the  female  than  inll»<> 
male.  The  antero-posterior  diameter  is  the  greatest  of  all,  and  the  vertical  diameter  i» 
the  shortest.  The  measurements  at  different  ages,  not  cited  in  the  table  jnst  given,  show 
that  the  excess  of  the  antero-posterior  <liamoter  over  the  others  is  diminished  by  agr- 


ScUroik  CoaL — The  sclerotic  is  the  dense,  opaque,  fibrous  covering  of  the  puttcfW''' 
five-sixths  of  the  eyeball.     \i»  thickne^e  is  different  in  difierent  portionsL     At  tlie  point  | 
of  penetration  of  the  optic  nerve,  it  measures  ^  of  an  inch.    It  is  thinnest  at  the  middk 
portion  of  the  eye,  measuring  about  ^^  of  an  inch,  and  Is  a  little  tJiicker  again  near  tbtf  ] 
cornea.     TIh-^  membrane  is  composed  chiefly  of  bundles  of  ordinary  coim«ctlvo 
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The  fibres  are  elightly  wavy^  and  arranged  in  flttttened  bands,  which  ure  alternately  longi- 
tadinal  and  transverse,  giving  the  membrane  a  lainellated  appearance,  although  it  cannot 
be  i^par&ted  into  distinct  layers.  Miied  with  these  bands  of  connective-tissue  fibres,  are 
aomerooa  email  fibres  of  elastic  tissue.  The  vessels  of  the  sclerotic'  are  scanty.  They  are 
derived  from  the  ciliary  vessels  and  tbo  vessels  of  the  muscles  of  the  eyeball,  The  tissue 
of  the  sclerotic  yields  gelatine  on  boiling. 


Oornea. — The  cornea  is  the  transparent  memhrane  which  covers  abont  the  anterior 
sixth  of  the  globe  of  the  eye.  As  before  remarked^  this  is  the  most  prominent  portion  of 
%hQ  eyeball.  It  is  in  the  form  of  a  segment  of  a  sphere  attached  by  its  borders  to  the 
lent  of  the  larger  sphere  formed  by  the  sclerotic.    The  thickness  of  the  cornea  is 

lut  1*5  of  an  inch  in  its  central  portion,  and  about  2\  of  an  inch  near  its  periphery.  Its 
9aVstance  is  composed  of  transparent  fibres,  arranged  in  incomplete  layers,  sonietbing  like 
the  layers  of  the  sclerotic.     It  jields  chondrinej  instead  of  gelatine,  on  boiling* 

Dpon  the  external,  or  convex  surface  of  the  cornea,  are  several  layers  of  delicate, 
transparent,  nncleated  epitheUntu.  The  most  superficial  cells  are  flattened,  the  middle 
oells  are  rounded,  and  the  deepest  cells  are  elongated  and  arranged  perpendicularly. 
These  cells  become  slightly  opat]ue  and  whitish  after  death.  Jusit  beneath  the  epithelial 
covering  of  tbe  cornea,  is  a  very  thin,  transparent  membrane,  described  by  Bowman 
under  the  name  of  the  '*■  anterior  elastic  lamella.' '  This  membrane,  with  its  cells,  is  & 
contin nation  of  the  conjunctiva, 

riie  prof>er  corneal  membrane  is  oomposed  of  exeeaairely  pale,  flattened  bundles  of 
fibres^  interlacing  with  each  other  in  every  direction.  Their  arrangement  m  lamellated, 
dthongh  they  cannot  be  separated  into  complete  and  distinct  layers.  Between  the  bun' 
dlfS  of  fibres,  lie  a  great  number  of  stellat^s,  anastomosing,  connective-tissue  corpuscles. 
In  these  cells  and  lo  the  int^^rvals  between  the  fibres,  there  is  a  considerable  qu:mtity  of 
transparent  liquid.  The  fibres  constitutiog  the  substance  of  the  cornea  are  continuous 
with  the  fibrous  structure  of  the  selerotit*,  tVom  which  they  cannot  be  separated  by 
maceration.  At  the  margin  of  the  cornea,  the  opaque  fibres  of  the  sclerotic  abruptly 
become  transparent.  The  corneal  substance  is  very  tough,  and  it  will  resist  a  preBsure 
sufficient  to  ruptiire  the  sclerotic. 

Upon  the  posterior,  or  concave  surface  of  the  cornea,  is  the  membraue  of  Descemet, 
or  of  Deraours.  This  is  elastic,  transparent,  structureless,  rather  loosely  attached,  and 
eovered  with  a  single  layer  of  regularly  polygonal,  nucleated  epithelium.  At  the  circum- 
ference of  the  cornea,  a  portion  of  this  membrane  passes  to  the  anterior  surface  of  the 
iris,  in  the  form  of  numerous  processes  which  constitute  the  Itgamentum  iridis  pcctinatnm, 
a  portion  passes  into  the  substance  of  the  ciliary  muscle,  and  a  portion  is  continuous 
with  the  fibrous  structure  of  the  sclerotic. 

In  the  adult,  the  cornea  is  almost  witliout  blood-vessels,  but  in  fcetal  life  it  presents 
a  rich  plexus  extending  nearly  to  the  centre.  These  disappear,  however,  before  birth, 
leiiving  a  very  few  delicate,  looped  vessels  at  the  extreme  edge. 

A  great  deal  of  anatomical  interest  has  lately  been  attached  to  the  cornea,  from 
rtisearches  showing  the  termination  of  the  fine  nerve-fibres  in  the  nuclei  of  the  posterior 
layer  of  the  epithelium  of  its  convex  surface  and  the  investigation  of  the  ''lymph-spaces'* 
hj  Uie  use  of  certain  reagents,  the  demonetration  of  the  so-called  '^  wandering  cells," 
etc.,  points  that  we  ilo  not  propose  to  consider.  It  is  well  known  that  the  surface  of  the 
cornea  is  exquisitely  sensitive. 

Choroid  Cmt — Calling  the  sclerotic  and  the  cornea  the  first  coat  of  the  eyebaU,  the 
second  i^  the  choroid,  witlj  the  ciliary  processes,  tlie  ciliary  muscle,  and  the  iris.  This 
was  called  by  the  older  anatomists  the  uvea,  a  name  which  was  later  applied,  sometimes 
to  llie  entire  iris,  and  sometimes  to  it^  posterior,  or  pigmentary  layer.  We  ahall  describe, 
however,  the  choroid  and  ciliary  processes  tc^ether  as  the  second  coal,  and  then  take  up 
the  ciliary  muscle  and  the  iris. 
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The  choroid  is  dUtin^iBhed  from  the  other  coats  of  the  eye  hj  its  dark  color  and  it 
great  vascolaritj.  It  occupies  that  portion  of  the  eyehall  corresponding  to  the  eclertiti^ 
It  is  perforated  posteriorly  by  the  optic  nerve  and  is  eonnected  in  front  with  the  i 
It  is  very  delicate  in  its  structure  and  is  composed  of  two  or  three  tiistinct  layers.  It 
thickness  is  frooi  j^  to  ^g  of  an  inch.  Its  thinnest  portion  is  at  about  the  middle  of  tfa4 
eye.     Posteriorly  it  is  a  little  thicker.     Us  thickest  portion  is  at  its  anterior  border. 

The  external  surface  of  tlie  choroid  is  connectwl  with  the  sclerotic  by  vessels,  nerrc^J 
(the  long  ciliary  arteries  and  the  cUiary  nerves),  and  very  loose  connective  ti^ne.    Tl)tA] 
is  somotimea  called  the  membrana  fosca^  although  it  can  hardly  Im  calle<l  a  distinct  byer. 
It  contains,  in  addition  to  the  yessela,  nerves,  and  fibrous  tissue^  tt  few  irregularly-fihaped 
pigment-cell«. 


■d^- 


1,  oplle  nerro ;  2,  Si,  fi,  2,  H  8.  ft,  4,  solerolic  com  to  «bow  the  choroUl ;  &,  &  C^  fL  tbe  <       ^ 

dlyldod  fitto  nmr  poitSiio*  and  iuxned  baek ;  o,  «>.  irmun  lu  nruirmuj ,  'i,  t^iorml  warfnob  of  th»  efaoroid,  tnm^ 
hj  Ui«  cUtoT  U0rrea  ami  one  of  the  ]oag  clllwr  irteriua ;  ^  cc^tnl  ytauol  Into  whkh  open  tb«  tm^  tqHIoo*;  % 
9,  m,  10.  choroid  tone  \  11, 11,  eObur  nervAs;  1%  kra^  cUivy  iv(*iT ;  18. 18;  la,  18,  Mit«rtot  dttvyartttlM :  14  <«»; 
l^]^vMcul*rcirctoortl>»tris:  1ft,  |ni|iU. 

The  rest  of  the  choroid  is  composed  of  two  diBtinct  layers ;  viz..  an  external,  vnscnlir* 
and  an  internal^  pigmentary  layer.  The  vascular  layer  consists  of  numerous  arteries,  vow 
and  capillAries,  arranged  in  a  peculiar  manner.  The  layer  of  capillary  vesselis  wlAeL  ^ 
internal,  is  sometimes  called  the  middle  layer  of  the  choroid,  or  the  tunica  KnywhifOi> 
The  arteries,  which  are  derived  from  the  posterior  short  ciliary  arteries  and  are  connMlld 
with  the  capillary  plexus,  lie  just  beneath  the  pigmentary  layer.  The  pleroa  of  capiQi* 
ries  is  closest  at  the  posterior  portion  of  the  membrane.  The  veins  are  ertemal  to  lU 
other  vessels.  They  are  very  numerous  and  are  disposed  in  curves  converging  to  fuoi 
trunks.  This  arrangement  gives  the  veins  a  very  peculiar  appearance,  and  thoy  have 
been  called  the  vasa  vorticosa.  The  pigmentary  portion  is  composed,  over  the  grsaM 
part  of  the  choroid,  of  a  single  layer  of  regularly  polygonal  cells,  somewhat  flatttfosi 
measuring  from  ^^^  to  y^Vg  ^^  ^^  ^^^^  ^^  diameter.  These  cell^  are  filled  with  pI<^ 
mentary  granulations  of  uniform  size,  and  they  give  to  the  membrane  its  charactiriitie 
dark-brown  or  chocolate  color.  The  pigmentary  granules  in  the  cells  are  less  nnmaroflft 
near  their  centre,  where  a  clear  nucleus  can  readily  be  observed.  In  the  anterior  pior* 
tion  of  the  membrane,  in  front  of  the  anterior  limit  of  the  retina,  the  cells  are  smidler, 
more  rounded,  more  completely  filled  with  pigment,  and  present  several  layers,  Benailh 
the  layer  of  hexagonal  pigment-cells^  the  intervascnlar  spaces  of  the  choroid  arc  oooopied 
by  stellate  pigment-cells. 
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tianj  Processes. — Tlie  tmkrior  portiun  of  tlie  cLoroiJ  is  arranged  in  tb©  form  of 
folds  or  plaits  projecting  intcTmilly,  called  tbo  ciliary  procesaes.  The  largest  of  these 
folds  are  al)out  ^  of  fin  ineli  in  Icnglh,  They  are  from  sixty  to  eighty  in  number.  The 
lurgcr  fotdii  are  of  nearly  uail'onn  size  and  are  regularly  arranged  it  round  thu  margla  of 
the  crystiUrme  lens.  Between  these  folds,  which  constitute  about  two-thirds  of  the  entire 
nam  her,  are  smaller  folds,  lying,  without  any  regular  uliernation,  between  ibo  larger. 
Within  the  folds^  are  received  corresponding  folds  of  the  thick  membrane,  continuous  an- 
teriorly with  the  hyaloid  membrane  of  the  vitreous  humor,  called  the  zone  of  Zinn. 

Tha  ciliary  processes  present  blood- vossola,  which  are  i^omewhat  hii'ger  than  those  of 
the  rest  of  the  choroid.  The  pigmentary  oelb  are  smaller  and  are  arranged  in  several 
lajerSb     The  anterior  border  of  the  procesdea  is  frec:  and  contains  Httle  or  no  pigment. 

OUiarif  MmcU, — This  tnuscle,  formerly  known  as  the  ciliary  ligament  and  now 
flometiiues  called  the  tensor  of  the  choroid,  is  almoet  universally  recognized  by  physi- 
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ul^sU  fts  the  agent  for  the  aceommodation  of  the  eye  t^  vision  at  different  distances. 
Under  this  view,  the  ciliary  mnsele  is  an  organ  of  great  importance,  and  it  is  essential^ 
in  the  study  of  accommodation^  to  have  an  exact  idea  of  it*  relations  to  the  coats  of  the 
eje  and  to  the  crystalline  lens.  For  this  reason,  we  shall  describe  its  arrangement  as 
exactly  as  possible. 

The  form  and  situation  of  the  ciliary  muscle  are  as  folio w.h  :  It  surrounds  the  anterior 
murgiQ  of  the  choroid,  in  the  form  of  a  ring  about  \  of  an  inch  wide  and  j\  of  an  inch 
in  thickfiese  at  its  thickest  portion,  which  is  its  anterior  bonier.     It  becomes  thinner 
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from  before  bftckward,  until  its  posterior  border  apparently  fuses  with  the  fibrous 
are  of  the  choroid.     It  is  Bemitrannpareul  and  of  a  grayish  color.     Its  situation  is  just 
OQteide  of  the  ciliary  processeis^  the&e  processes  projecting  in  front  of  its  anterior  bordi^r 
about  J*y  of  an  inch.     Kegarding  the  anterior  border  of  this  muscle  a»  its  origin  and  tlie 
posterior  border  as  ira  insertion^  it  arises  in  front  from  the  circular  line  of  junction  of  ih^ 
cornea  and  aclerotic,  from  the  border  of  the  membrane  of  Doscemet,  and  the  lignmeiitum 
iridis  pectiuatum.     Its  fibres,  which  are  chiefly   long^itudinal,  pass  backward  and  arv 
lost  in  the  choroid,  extending  somewhat  farther  back  than  the  anterior  limit  of  llie  ^ 
retina*    In  addition,  a  net-work  of  circular  inuBcular  fibres  has  been  described  lying  over  fl 
the  anterior  portion  of  the  ciliary  body,  at  the  periphery  of  the  iris,  beneatli  the  loDgitn- 
dinal  fibres.     Some  of  these  fibres  have  an  oblique  direction. 

Although  there  was  formerly  coDBiderable  discussion  with  regard  to  the  Btrocture  of   M 
the  ciliary  ligament,  or  muscle,  there  can  now  be  scarcely  any  doubt  of  tlie  fact  that  it  ii  V 
composed  mainly  of  muscular  fibres.    These  fibres,  anatomically  considered,  belong  to  ih© 
non-striated,  or  involuntary  variety.    They  are  pole,  present  numerous  oval,  longitudinal 
naelei,  and  have  no  striffi. 

It  is  evident)  from  the  arrangement  of  the  fibres  of  the  ciliary  muscle,  that  its  action 
must  bo  to  approximate  the  burder  of  connection  of  the  sclerotic  and  cornea  and  the  cir- 
cumference of  the  choroid,  compressing  the  vitreouj  humor  and  relaxing  the  suspenstiry 
ligament  of  the  crystalline  lens.  We  shall  ace  farther  on  that  this  action  enables  the  lena 
to  change  its  form,  and  probably  it  adapts  the  curvature  of  the  lens  to  vision  at  differeal 
distances.  The  nerves  of  the  ciliary  muAcle  are  derived  from  the  long  and  the  short 
ciliary. 


IrU, — The  iris  corresponds  to  the  diaphragm  of  optical  instruments,  except  that  Ik  \ 
orifice  is  capable  of  dilatation  and  contraction.     It  is  a  circular  membrane,  situated  jorf 
in  front  of  the  crystalline  lens,  with  a  round  perforation,  the  pupil,  near  its  centre.    It  i» 
called  the  uvea  by  acme  anatomists,  a  name  that  wa»  formerly  applied  to  the  iris  add 
choroid  together. 

The  attachment  of  the  greater  circumference  of  the  iris  is  to  the  line  of  junction  of 
tlie  cornea  and  sclerotic,  near  the  origin  of  the  ciliary  muscle,  the  latter  passing  baci^ 
ward  to  be  inserted  into  the  choroid,  and  the  former  passing  directly  over  the  crystallifle 
lens.  The  diameter  of  the  iris  is  about  half  an  inch.  The  pupil  is  subject  to  considerable 
Tariations  in  size.  When  at  its  medium  of  dilatation,  the  diameter  of  the  pupil  is  from  \ 
to  I  of  an  inch.  The  pupillary  orifice  is  not  in  the  mathematical  centre  of  the  iris  but  »• 
situated  a  little  toward  the  nasal  side.  The  thickness  of  the  iris  it*  a  little  greater  tlmn 
that  of  the  choroid,  but  it  is  unequal  in  d liferent  parts,  the  membrane  being  thinnest  it 
its  great  circumference  and  its  pupillary  border,  and  thickest  at  about  the  junction  of  itt 
inner  third  with  the  outer  two- thirds.  It  slightly  projects  anteriorly  and  divides  tbe  spac* 
between  the  lens  and  the  cornea  mtn  two  chambers,  anterior  and  posterior,  the  anteriof 
chamber  being  much  the  larger,  Takinfj  advantage  of  a  property  of  the  crystalline  lens^ 
colled  fluorescence,  which  enables  us,  by  concentrating  upon  it  a  blue  light,  to  see  t]i« 
boundaries  in  the  living  eye,  Ilelmholtz  him  demonstrated  that  the  posterior  Aur&ct  of 
the  iris  and  the  anterior  surface  of  the  lens  are  actually  in  contact,  except,  perhaps,  for  a 
certain  distance  near  the  periphery  of  tbe  iris.  This  being  the  case,  the  posterior  chaiu* 
ber  is  very  small  and  only  exists  near  the  margins  of  the  lens  and  the  iris. 

The  color  of  the  iris  is  very  different  in  difierent  individuals.  Its  anterior  surface  i^ 
generally  very  dark  near  the  pupil  and  presents  colored  radiations  toward  its  peripli«ry- 
Its  posterior  surface  is  of  a  dark-purple  color  and  is  covered  with  pigmentary  cells* 

The  entire  iris  presents  three  layers.  The  anterior  layer  is  continuous  with  the  mtam- 
brane  of  the  aqueous  humor.  At  the  great  circumference,  it  presents  liule  fibrous  pn> 
longations,  forming  a  delicate  dentated  membrane,  called  the  ligamentum  iridts  pcirttna- 
turn.    The  membrane  covering  the  general  anterior  surface  of  the  iris  is  extremcljr  thia 
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aad  IS  covered  by  cells  of  teflsellfited  epithetiuiu*    Just  beneath  this  membrane,  are  a 
namber  of  irregolarlj -shaped  pigmentary  cells. 

The  poelerior  lajer  of  Uie  iris  h  very  tbin^  ensUj  detached  from  the  middle  layer,  and 
contains  nnmeroQd  small  cells  exceeding  rich  in  pigmentary  granulea.     Some  anatomiats 

■■Bognize  this  membrane  only  as  the  uvca.^ 

^H  The  middle  lajrer  constitutes  by  far  tbe  greatest  part  of  the  substance  of  the  iris.    It 

1^^ composed  of  connective  tissue,  muscular  fibres  of  the  non -striated  varietv,  numerous 
blood-vessels,  and,  probably,  nerve-terminations.  From  a  physiological  point  of  view, 
the  arrangement  of  the  muscular  fibres  is  the  mast  interesting.  Directly  surrounding 
the  pupil,  forming  a  band  about  ^^  of  an  inch  in  width,  is  a  layer  of  non-striated  muscu- 
lar fibrea,  called  the  sphincter  of  the  iris.  The  existence  of  these  fibres  is  admitted  by 
all  anatomists.     It  is  different,  however,  for  the  radiating  muscular  ^bres.     Most  anato- 

!  mists  describe,  in  addition  to  the  spbincter,  libres  of  the  same  variety,  which  can  be 
traced  from  near  the  great  c  ircumference  of  the  iris  almost  iv  its  pupillary  border,  lying 
both  in  front  of  and  behind  tlie  circular  fibres,  which  are,  as  it  were,  enclosed  between 
them.  A  few  observers  deny  that  these  fibres  are  muscular ;  but  tbey  recognize  a  thick 
muscular  layer  surrounding  the  arteries  of  the  iris.  This  is  merely  a  question  of  observa- 
tion ;  but  the  weight  of  anatomical  authority  is  greatly  in  favor  of  the  existence  of  tho 

'  radiating  fibres,  and  their  presence  explains  certain  of  the  phenomena  of  dilatation  of 
tbo  iris  which  would  otherwise  be  difficult  to  understand. 

The  blood-vessels  of  the  iris  are  derived  from  the  arteries  of  the  choroid,  from  the 
long  posterior  ciliary,  and  from  the  anterior  ciliary  arteries.    The  long  ciliary  arteries  are 

I  two  branches,  running  along  the  sides  of  the  eyeball  bi^tween  the  sclerotic  and  choroid,  to 

I  form,  finally,  a  circle  surrountling  the  iris,  Tbe  anterior  ciliary  arteries  are  derived  from 
the  muscular  branches  of  the  ophthalmic.     They  penetrate  the  sclerotic  a  little  behind 

I,  the  iris  and  join  the  long  ciliary  arteries  in  the  vaaoular  circle.     From  this  circle,  tho 

,  vessels  branch  and  pass  into  the  iris,  to  form  a  smaller  arterial  circle  around  the  pupil. 
The  veins  from  the  iris  empty  into  a  circular  sinus  situatecl  at  the  junction  of  tlie  cornea 

I  with  the  sclerotic.  This  is  sometimes  spoken  of  aa  the  circular  venous  sinns,  or  tbe  canal 
of  Schlcmm. 

The  nerves  of  the  iria  are  the  long  ciliary,  from  the  6fth  cranial,  and  the  short  ciliary, 

L  from  the  ophtlialmic  ganglion. 

'  Pupillary  Membrane.— Jit  a  certain  period  of  fcetal  life,  the  pupil  is  closed  by  a  mem- 
brane connected  with  the  lesser  circumference  of  the  iris,  called  the  pupillary  membrane. 

\  This  is  not  distinct  during  the  first  months ;  but,  between  the  third  and  tl>e  fourth  months, 
it  is  readily  seen.    It  is  most  distinct  at  the  sixth  munth.    The  membrane  is  thin  and  trans- 

I  parent,  and  it  completely  separates  the  anterior  from  the  posterior  chamber  of  tbe  eye.  It 
is  provided   with  vessels  derived  from  the  arteries  of  the  iris,  anastomosing  with  each 

[,  other  and  turning  back  in  the  form  of  loops  near  the  centre.     At  about  the  seventh 

ijaQnth,  it  begins  to  give  way  at  the  centre,  graduaDy  atrophies,  and  generally  scarcely  a 
)  of  it  can  be  seen  at  birth. 


u — The  retina  h  deaeribed  by  anatomists  as  the  third  tunic  of  the  eye.    It  is 
ily  connected  with  the  optic  nerve,  and  tlie  most  important  structures  entering  into 
'  its  composition  are  probably  cfintinuous  with  prolongaliim^  from  the  nerve-cells.     This 
I  U  the  membrane  endowed  with  the  special  sense  of  sight,  the  other  structures  in  the  eye 

P* -*•*"  accessory, 
the  st'ierotic  and  choroid  be  removed  from  the  eye  under  water,  the  retina  is  seen, 
rfectly  fresh  specimens,  in  the  form  of  an  exceedingly  delicate  and  transparent  nienj- 
I  bran©  covering  the  posterior  portion  of  the  vitretiua  humor.     A  short  time  after  death,  it 
I  becomes  slightly  opaline.     It  extends  over  the  posterior  portion  of  the  eyeball  to  a  dis- 

^  Thu  ouD*  UTu*  woA  ii{i|»U(td,  at  one  ItoiQ,  to  Ut«  diorofd  with  tlie  Irift,  ngatn  to  the  tris  okme,  tad  afvln  to  tba 
,  or  ptirnteDtsry  hyvr  of  the  Iris.    To  avoid  ooDftoaloD,  this  term  irin  oot  b<i  igalii  lued. 
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tance  of  about  y,  of  an  inch  behind  the  ciliar^r  proctsaes.     When  torn  from  its  inl 
attachment,  it  presents  a  finely-serrated  odge,  ctdled  the  ora  iicrrata.     This  ed^©  adht 
very  closely,  by  mutual  interlacement  of  fibres,  to  the  xone  of  Zinn>     In  the  middle  ofj 
the  membrane,  its  thickness  is  about  -^ |^  of  an  Inch.     It  becomes  thimier  near  the  att 
rior  margin,  where  it  meusjiures  only  about  ^^^  of  an  inch.     Its  external  8urt*acc  h  m  cj 
tact  with  the  choroid,  and  its  internal,  with  the  hyidoid  membrane  of  the  vitreous  hiunor. 

The  optic  nerve  penetrates  the  retina  about  ^  of  an  inch  within  and  ^  of  an  inch  b<^ 
low  the  antero'pusteriur  axis  of  the  g-lobe^  presenting,  at  tlds  pointy  a  small,  rounded 
elevation  upon  the  internal  surface  of  the  membrane,  perforated  in  its  centre  for  the 
sage  of  the  central  artery  of  the  retina.  At  from  ^*y  to  i  of  an  inch  external  to  the  point 
of  penetration  of  the  nerve,  is  an  elliptic  spot,  its  long  diameter  being  horizontal,  uboul 
I  of  an  inch  long  and  j*^  of  an  inch  broad,  called  the  yellow  spot  of  Sommerring,  or  lli« 
macala  lutea.  In  the  centre  uf  this  spoi^  is  a  depression,  called  the  fovea  centralia.  Jha 
depression  is  exactly  in  the  &x\b  of  distinct  vision.  The  yellow  spot  exists  only  in  man 
and  the  quadrumana. 

The  structures  in  the  retina  which  present  the  greatest  physiological  Interesi  nr*  ihc 
external  layer,  formed  of  rods  and  cones,  the  layer  of  nerve-cells,  and  the  filaments  winch 
connect  the  rods  and  cones  with  the  eelt«>.  These  are  the  only  anatomical  elements  (if 
the  retina,  as  far  as  we  know,  that  are  directly  concerned  in  the  reception  of  opticid  ioh 
pressions,  and  they  will  be  described  rather  minutely,  while  the  intermediate  layen  »i 
be  considered  more  briefly. 

Moat  modern  anatomists  recognize  eight  distinct  layers  in  the  retiniiL,  as  follows : 

1.  An  external  layer,  situated  next  thei^horoid,  called  Jacob''s  membrane,  the  baciUaf 
membrane,  or  the  layer  of  n.>ds  and  cones. 

2.  The  exterual  granule-layer. 

3.  The  inter-granule  layer  (cone-fibre  plexup,  of  Ilulke), 

4.  The  internal  granule-layer. 

5.  The  granular  layer. 

6.  TIjc  layer  of  nerve-cells  (ganglion-layer). 

7.  The  expansion  of  the  fibres  of  the  optic  nerve, 

8.  The  limitary  membrane. 

The  layer  of  rods  and  cones  is  composed  of  rods,  or  oylindera,  extending  throofh  il> 
entire  thickness,  closely  packed,  and  giving  to  the  external  anrface  a  regular,  mosaic  ap- 
pearance ;  and,  lietween  these,  are  a  greater  or  less  number  of  flask-shaped  liodttsi,  Uw 
cones.  This  layer  is  aboat  ^^  of  an  inch  in  thickness  at  the  middle  of  the  retina;  )|i 
of  an  inch,  about  midway  between  the  centre  and  tlie  periphery ;  and,  near  tl^e  peripbtry. 
about  j-J^  of  an  inch.  At  the  macula  lutea,  the  rods  are  wanting,  and  the  layer  is  c*jm 
posed  entirely  of  cones,  which  are  here  very  much  elongated.  Over  the  rest  of  the  cu-in- 
brane,  the  rods  predominate,  and  the  conea  become  less  and  less  numerous  toward  tlit 
periphery. 

The  rods  are  regular  cylinders,  their  length  corresponding  to  the  thickntsss  of  ih* 
layer,  terminating  above  in  truncated  extremities,  and  below  in  points,  which  are  prob- 
ably continuous  witli  the  filaments  of  connection  with  the  nerre*cells,  though  they  Lin- 
been  actually  traced  only  into  the  external  granule-layer.  Their  diameter  is  abont  ^riit 
of  an  inch.  They  are  clear,  of  rather  a  fatty  lustre,  soft  and  pliable,  but  somewhat  hriUlc* 
and  so  alterable  that  they  are  with  diflSoulty  seen  in  a  natural  state.  They  should  be 
examined  in  jierfectly  fresh  preparations,  moistened  with  liquid  from  the  vitreous  humor 
or  with  senim.  Their  intimate  structure,  as  well  as  that  of  the  cones,  has  rec«iil}y 
been  very  closely  studied,  espM^cially  by  German  anatomists*  Wlien  porfertly  &eili,  it 
ia  difficult  to  make  out  any  thing  but  an  entirely  homogeneous  structure ;  but^  shortly  afUr 
death,  each  rod  seems  to  be  divided  by  a  delicate  line  into  an  outer  and  an  inner  aogmiOit, 
tlie  outer  being  a  little  the  longer.  At  the  upper  extremity  of  the  inner  segment,  b  a 
hemispherical  body,  with  its  convexity  presenting  inward,  called  the  lentifonn  body  (Im- 


i 


PHYSIOLOGICAL  ANATOMY   OF  TUE  EYEBALL 


777 


Fig.  m^^RodtqftAs  rftina. 

From  the  monktsv- — A.  Rod»,  flft«r  ma- 
e^mtlcm  In  ttidlBi?*!  iierum,  the  oatcr 
0e|yrcDent  (f*)  truDcated,  the  Innt-r 
segment  (a)  cxuigulated,  irnmular, 
and  fiomewbot  i^wollen ;  c,  fllttoieDt 
of  tb^  rada  [  ii^  nucteiu,  B*  £odA 
fhiin  the  frog:  1*  Freih,  maf^Ukd 
AUO  dlfttneten;  <i,  Inner  tcfnxK^tt 
5«  oat«r  K'grmciit ;  c,  IcmtUbrm  bodv ; 
tf,  nneivuA.  a,  Tm»u»d  with  di- 
lute? aeotk  u^d  and  broken  ap  tola 
pbtje4. 


§enfurmiQ€r  Ktirjmr)*  The  entire  inner  segment  is  soraewliat  granular,  and  it  often  pro* 
sanU  A  granular  nuclens  at  its  inner  extremity.  The  outer  segment  apparently  differs 
ill  its  constitution  from  the  inner  segment  and  is  not  similarly  affected  by  reagents. 
9!reated  with  dilute  acetic  acid,  the  outer  se^^uent  becomes  ^ 

broken  up  transversely  into  thin  disks.  These  points  in 
the  anatomy  of  the  rods  are  rel'erretl  to  particularly,  for 
tlie  reason  that  they  have  lately  been  used  as  an  anutomi- 
_gal  basis  for  a  theory  of  the  perception  of  colors.  They 
be  readiJy  understood  by  reference  to  Fig.  244. 

t  cones  are  probably  of  the  sniue  constitution  as  the 
at  that  portion  called  the  inner  segment  is  pyri- 
The  straight  portion  above  (the  outer  segment)  is 
sometimes  called  the  cone-rod.  The  entire  cones  are 
abont  half  the  lengtli  of  the  rijds  and  occupy  the  inner 
portion  of  the  layer.  The  oater  segment  is,  in  its  consti- 
tntion,  precisely  like  the  outer  segment  of  the  rods.  The 
inner  segment  is  slightly  gi*anular  and  contains  a  nncleus. 
The  cones  are  connected  below  with  filaments  passing 
into  the  deejier  layers  of  the  retina.  The  arrangement  of 
the  rods  and  cones  is  seen  in  Fig.  245,  which  shows  tlie 
different  hiyers  r>f  tlie  retiDa. 

At  the  fovea  centralis,  the  external  layer  is  oompo&ed 
entirely  of  immensely* elongated  conea,  with  no  rods. 
These  are  slightly  increased  in  thickness  at  the  macula 
latea,  bat  are  diminished  again  in  thickness,  by  about 
one-half,  at  the  fovea  centraliB.  At  the  fovea,  the  optic 
nerve-fibrea  are  wanting;  and  the  ganglioii-cells,  which  exist  in  a  single  layer  over 
other  portions  of  the  retina,  here  present  from  si3c  to  eight  layers,  except  at  the  very 
centre,  where  there  are  but  three  layers.  Of  the  layers  between  the  cones  and  the 
ganglion  cells,  the  e.xternal  granule- layer  and  the  inter-graotile  layer  (cone -fibre  plexus) 
remain,  in  the  fovea,  wliiie  the  internal  gnmole-layer  and  the  granular  (molecular)  layer 
are  wanting.  At  the  fovea,  indeed,  tliose  elements  of  the  retina  which  may  be  regarded 
as  purely  accessory  seem  to  disappear,  leaving  only  the  structures  that  are  concerned 
directly  in  the  reception  of  visual  impressions. 

The  external  granule-layer  is  composed  of  large  granulea,  looking  like  cells,  which  are 
each  nearly  filled  with  a  single  nucleus.  These  are  connected  with  the  filaments  from  the 
rods  and  cones.  They  are  rounded  or  ovoid  and  measure  from  ^^\^^  to  J^^~Q  of  an  incli 
in  diameter.  The  inter-granule  layer  (cone-fibre  plexus)  is  composed  apparently  of  mi- 
nuto  fibrillin  and  a  few  nuclei.  The  internal  grfinule-htyer  is  composed  of  cells  nearly 
like  those  of  the  external  granule-layer»  but  a  little  larger,  and  probably  connected  with 
the  filaments  of  the  rods  and  cones.  The  granolar  (molecular)  layer  is  situated  next  the 
layer  of  ganglion -cells. 

The  layer  of  ganglion-cells  is  composed  of  mnhipolar  cellft,  like  those  in  the  brain, 
meflsnring  from  j^^ji  to  .^  of  an  inch  in  diameter.  In  the  centre  of  the  retina,  at  the 
macula  lutea,  the  cells  present  eight  layers,  and  they  diminish  to  a  single  layer  near  the 
periphery.  The  smaller  cells  are  situated  near  the  centre,  and  the  larger,  near  the  periph- 
ery. Each  ceU  sends  off  several  filaments  (from  two  to  twenty-five)  probably  going  to 
the  layer  of  rods  and  cones,  and  a  single  filament,  which  becomea  continuous  with  one 
of  the  filaments  of  the  optic  nerve. 

The  layer  formed  by  the  expansion  of  the  optic  nerve  is  composed  of  pale,  transparent 
nerve-fibres,  from  Y^rJnr  ^  itItt  ^^  *^  ^^^^  ^^  diameter.  These  do  not  call  for  special 
description. 

TTie  limitary  membrane  Is  a  delicate  structure,  with  fine  strias  and  nuclei,  composed 
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of  coxmeotive-tbaue  elements.     It  is  about  Yihni  ^^  ^^  ^^^^  ^^  thickneSA.    From  this 
membrano,  connectivO'tissuo  elementa  are  sent  into  the  various  Ijyrers  of  the  retina,! 
where  they  form  a  framework  for  the  support  of  the  other  stnictares. 

As  we  before  remarked,  the  retina  becomes  progressively  thinner  from  the  centre  tel 
the  periphery.  The  f^r&nular  layers  nntJ  the  nervouB  layers  rapiiUy  disappear  in  tbe^ 
anterior  half  of  the  membrane. 


Fit;.  'a:>  iA).- 


<y  t/nf  tetitta. 


Fmi,  M6  (A).— 1^  1«  layer  of  rods  atid  coneA;  %  rods 


ai,ooiieft 


,  -4,',  J-i)._r  ,,f. 
(if  fi*  rttino 
i8»ppey,) 

4,  i,  fiy  (S,  OXtvft):^ 


m    ■*)  WUWB' «        ,       .       ,       , 

<Oone-fibre  i>1pjcii»);  h,  iot«rDiil  praimJp-layor ;  tf,  10,  flncly  ^nuiabir  graj  bytr; 
1%  1%  14^  14,  fibre«  of  thfi  optlr  nervf ;  IS,  membruu  Hrniuua. 
Fm*  S45  (B>,— J,  1,  %  H,  fod»  and  oooea,  front  view ;  4,  5,  fl,  rodfl,  elde  vi*i!r ;  T.  T.  6,  S. . 
irratiuie'Itty«ra ;  W,  cell,  conoeeted  by  ftflltm«nt  -with  Aubjacent  cell*;  UK  IS.  noire 
gnODiilti-liiycrs;  11,  Sl^AlamentoCOttiUN^lngoellA.  <uf  tbt^  <  xtornal  iLodtnteiTi&lf^raDijl 
14,  1^  !«,  IT,  IH,  i»,  ao,  aa,  S8v  «i.  iSv »«, »  rod  and  B  cone,  couiiiuhsU^  vrltb  iha  o-'k- 
oerve-ctilK  aod  with  tlie  oenre-flbres. 


-  nutiJr  hf« 
'M;  11  tt 


The  connootion  between  the  i  odn  and  cones  nnd  the  pranglion-cells  may  be  readilj 
understooil  if  we  accept  the  following  explanation  :  The  filaments  from  the  bases  of  tb« 
rods  and  cones  pass  inward,  presenting,  in  their  coarse,  the  corpuscles  which  we  h»n 
described  in  the  granule-layers,  and  finaDy  become,  as  is  thought,  directly  continuooi 
with  the  poles  of  the  ganglion-cells.  The  oellR,  in  their  turn,  send  filaments  to  the  Uy«r 
formed  by  the  erpansion  of  the  optic  nerve,  which  are  continuous  with  the  nenre-flbreat 
This  arrangement  is  shown  in  Fig.  245  { B). 

The  arteries  of  the  retina  branch  from  the  arteria  centralis,  presenting  a  beam 
arborescent  appearance  when  viewed  wilh  the  ophthalmoscope.    They  [lass  into  the 
of  gray  nervous  matter  and  send  their  branches  to  the  periphery,  where  thoy  supply  i 
wide  plexuE  of  very  small  capillaries  in  the  ora  aerrata.     The  capillaries  empty  iota  an 
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incomplete  venous  circle^  branches  from  which  p^s  b&ck  by  tbe  sides  of  the  arteries  to 
the  rena  centralis.    The  macula  lutea  is  provided  with  a  rich  plexus  of  minnte  capiilaiiea. 

CryttaUine  Ltnx, — The  aoatomj  of  the  crystaHiDe  lens,  as  far  as  it  bears  upon  the 
physiology  of  vision,  is  very  sifDple.  It  is  a  dou  hie -con  vex  lens,  transparent,  and  exceed- 
ingly elastic.  It  has  a  function  in  the  refraction  of  the  rays  of  light  analogous  to  the 
action  of  convex  lenses  in  optical  instrmnents.  X^Tien  we  come  to  study  its  exact  stmot- 
ure,  bowever,  we  shall  tind  many  points  that  are  still  undetermined  and  somewhat 
obscore;  but,  fortunately^  these  are  not^  as  far  as  we  now  know,  of  much  physiological 
importance.  In  treating  of  the  anatomy  of  the  lens^  we  shall  simply  describe  the  most 
prominent  and  the  well-determined  points  in  its  structure,  A  complete  account  of  the 
arrangement  of  its  component  parts  would  necessitate  very  full  and  minute  descriptions, 
which  could  onJy  be  elucidated  hj  numerous  illustrative  figures* 

The  Ions  is  situated  behind  the  pupil,  in  what  is  called  the  hyaloid  fossa  of  the  \ntre- 
ous  h'umor,  which  is  exactly  moulded  to  its  posterior  convexity.  In  the  fojtus,  the  cap- 
sule of  the  lens  receives  a  branch  from  tljc  jirteria  centralis^  but  it  is  non-vascnlar  in  the 
adult.  The  anterior  convexity  of  the  lens  is  just  behind  the  iria,  and  its  borders  are  in 
relation  with  what  if*  known  as  the  suspensory  ligament.  The  convexities  do  not  present 
regular  curves,  and  they  are  so  subject  to  variations  after  death  that  the  measurements, 
post-mortem,  are  of  little  value.  During  life^  however,  they  have  been  raeasared  very 
exactly  in  the  various  conditions  of  accommodatiun.  These  measurements  will  be  dis- 
cussed fully  in  connection  with  the  physiology  of  the  lens. 


Fio.  ^fi.—CryiiinUin€  Un*,  anUrior  eiew.    (Balnaclilii.) 

The  diameters  of  the  lens  in  the  adult  are  abont  i  of  an  inch  transversely  and  }  of  an 
inch  an tero -posteriorly.  The  convexity  i?  greater  on  its  posterior  than  on  its  anterior 
surface.  In  fcetal  life,  the  convexities  of  the  lens  are  much  greater  tlian  in  the  adult  and 
its  stmctnre  is  much  softer.  In  old  age,  the  convexities  are  diminished  and  the  lens 
becomes  harder  and  quite  inelastic,  which  accounts  for  the  progres.sive  diminution  in  the 
power  of  accommodation. 

The  important  physiological  points  in  the  structure  of  the  lens  are  that  it  presents  an 
investing  membrane,  the  capsule,  the  lens  itself  being  composed  of  layers  of  fibres  of  dif- 
ferent degrees  of  density. 
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The  capsule  of  the  lens  b  an  exceedinglj  thiOf  transparent  membrane,  very  ebstie^  n 
that,  when  it  is  torn,  the  force  of  its  contraction  frequently  ei])els  ita  content*,  TWl 
uiembrane  is  generally  from  ^i^  ^^  tAv  ^^  ^^  i^^^  thick ;  hut  it  is  very  thin  at  tK« 
periphery,  measuring  here  only  ,^^  of  an  inch.  Its  thickness  is  increased  in  old  agr. 
On  the  anterior  portion,  the  capsule  is  lined  with  a  layer  of  exceedingly  delicate,  nadc* 
ated  epithelial  cells.  These  arc  situated  on  the  inn^r  surface  of  the  membrane.  Tie 
posterior  half  of  the  capsule  has  no  epithelial  lining.  The  cells  are  regularly  polygonal, 
measuring  from  y^jj^i  to  j^-^  of  an  inch  in  diameter,  with  large,  round  nuclei,  Atvr 
death  they  are  said  to  break  down  into  a  liquid,  known  as  the  liquid  of  Morgagni,  thou|<jL 
by  some  this  liquid  is  supposed  to  be  exuded  from  the  substance  of  the  k-ns.  At  all 
events,  the  cells  disappear  soon  after  death. 

If  the  lens  be  \iewed  entire  with  a  low  magnifying  power,  it  presents,  upon  eith^a^^/f 
its  surfaces,  a  star  with  from  nine  to  sixteen  radiations  extending  from  the  centre  to 


4 


...£\M\'m 


Tm,  WT.^ CtftBtaUin*  ttfu,  poHtrior  rUw.    (BAbocliln.) 


about  half  or  two- thirds  of  the  distance  to  tlio  periphery.    The  stara  seen  upon  the  two 
surfaces  are  not  coincident,  the  rays  of  one  beiug  situated  between  the  rays  of  the  otber. 
In  the  ft£tu3jthe  stars  are  more  simple,  presenting  only  three  radiations  upon  either  M^ 
face.    These  stars  are  not  fibrous,  like  the  rest  of  the  lens,  but  are  composed  of  a  heonK  . 
geneoua  substance,  which  extends,  also,  between  the  fibres. 

The  greatest  part  of  the  substance  of  the  lens  is  composed  of  very  delicate^  soil,  aad 
pliable  fibres,  which  are  transparent^  Imt  perfectly  distinct.     These  fibres  are  flatten^  ^ 
six-sided  prisms,  closely  packed  together,  so  that  their  transverse  section  prcaenta  a  regis* 
larly-tesselat'ed  appearance.     They  are  from  ^^5-5  to  ^ij^n  ^^  ^^  ^^^^  broad  and  i 
Tfhnf  ^  Wwo  ^^  *^"  Jo^'h  ^^  thickness.     Their  flat  surfaces  are  parallel  with  the  surface 
of  the  lens.     The  direction  of  the  fibres  is  from  the  centre  and  from  the  rajs 
stellate  figures  to  the  periphery,  where  they  turn  and  pass  to  the  star  upon  the  up 
side.     The  outer  layers  of  fibres,  near  the  equator,  or  circumference  of  the  Icnts  are  ] 
vided  with  exceedingly  distinct,  oval  nuclei,  with  one  or  two  nucleoli.     These  becou 
smaller  as  we  pass  deeper  into  the  substance  of  the  lens,  and  gradually  they  disappear. 

The  regular  arrangement  of  the  fibrea  of  the  lens  makes  it  posAible  to  separate  iH 
snbstance  into  laminie,  which  have  been  compared  l>y  anatomista  to  the  layers  of  in 
onion ;  but  this  separation  is  entirely  artificial,  and  the  nomber  of  apparvmt  lajen  d^ieiuU 
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«  upon  tlie  dexteritj  of  tbe  nianipaltitor.     It  \b  to  be  noted,  boweTer,  that  the  externul 
i  portions  of  the  lens  are  soft,  even  gelatinous,  and  tbat  tlit?  central  kyers  are   mticb 
jii^der^  forming  a  sort  of  central  kernel^  or  nueleiis, 
^KTho  Ions  is  composed  of  a  peculiar  organic  nitro* 
HBizod  8ubfltance,  verj  analogous  to  globuline,  called 
crystalline,  combined  witb    various    inorganifi  salts* 
I  One  of  tbe  peculiar  constituents  of  tbis  body  is  cboles- 
iterlne.     In  an  examination  of  four  fresh  crystalline 
^lenses  of  tbe  ox,  we  found  cbolesterine,  in  tbe  pro- 
'portion  of  0*1107  of  a  part  per  1,000.     In  somo  cases 

I  of  cataract,  cbolesterine  exists  iu  tbe  Ions  in  n  crj> 

II  talline  form ;  but,  under  normal  conditions,  it  is  unite d 
( with  tbe  otber  const  it  aents. 


W 


(BabQohlQ.) 


Su9pen9^lf  Ligaimnt  of  tke  Lens  (Zone  ofZinn). — 

\  When  we  ootne  to  the  description  of  tbe  vitreous  hu- 

,  iDor,  we  shall  see  that  it  occupies  about  tbe  posterior 

||Mp-tbirds  of  the  globe,  and  is  enveloped  in  a  delicate 

BBbqIc,  called  the  hyaloid  membrane.     In  tbe  region 

•of  the  ora  serrata  of  the  retina,  this  membrane  di- 
vides into  two  layers.  Tbe  posterior  layer  lines  tbe 
depression  in  the  vitreous  humor  into  which  tbe  lens 
IS  received.  The  anterior  layer  passes  forward  toward 
tbe  lens  and  divides  into  two  secondary  layers*  one  of 
which  passes  forward  to  become  continuous  with  the 
anterior  portion  of  tbe  capsule  of  the  lens,  while  the  other  passes  to  the  posterior  surface 

I  of  the  lens  to  become  continuous  with  this  portion  of  its  capsule.  Tbe  anterior  of  these 
layers  is  cormgated,  or  thrown  into  fokls  which  correspond  witb  tbe  ciliary  processes, 
with  which  it  is  in  contact.  Tliis  oorrtigated  portion  in  willed  tbe  zone  of  Zinn, 
The  two  layers  thus  surround  tbe  leus  and  are  properly  called  its 
suspensory  ligament.     As  the  two  layers  of  the  augpensory  ligament 

i  separate  at  a  certain  distance  from  tbe  lens,  one  passiug  to  tbe  ante- 
rior  and  the  other  to  the  posterior  portion  of  the  capsule,  there 
remains  a  triangular  canal,  about  ^  of  an  inch  wide,  surrounding 

.the  border  of  the  lens,  called  the  canal  of  Petit.     Under  natural 

■editions,  tbe  walls  of  this  canal  are  nearly  in  apposition  and  it 

^^IaIob  a  very  small  quantity  of  clear  liquid* 

f      As  we  have  already  remarked  in  describing  tbe  retina,  at  the 

lora  serrata,  the  membrane  is  closely  connected,  by  a  mutual  inter- 
lacement of  fibres,  with  the  suspensory  ligament.     It  is  important 

'to  appreciate  clearly  tbe  relations  of  tbe  suspensory  ligament,  in 
order  to  understand  the  mechanism  of  accommodation  of  tbe  lens 

'to  vision  at  different  distances.  Tbe  ciliary  muaclo  being  in  repose, 
daring  what  is  termed  the  indolent  condition  of  tbe  eye,  when  it  is 

to  vision  at  long  distances,  the  tension  of  the  parti*  flattens  the  lens ;  but,  in  tbe 
of  acconmiodation  for  near  objects,  tbe  ciliary  muBclc  contracts,  compresses  the 

lixmtents  of  tbe  globe,  relaxes  tbe  suspensory  ligament,  and  the  inherent  elasticity  of  tbe 
leiifl  renders  it  more  convex.  It  is  by  a  delicate  use  of  this  muscle,  that  the  proper  adap- 
Ution  of  tbe  curvatures  of  tbe  lens  is  obtained. 

Tbe  membrane  forming  tbe  suspensory  ligament  is  composed  of  pale  longitudinal  and 

traniiverse  fibres  of  rather  a  peculiar  appearance,  which  are  mncb  less  affected  by  acetic 
Acid  than  the  ordinary  fibres  of  connective  Uasne. 


qfieouM  Rumar. — The  space  bounded  in  front  by  tbe  cornea,  posteriorly  by  the  crya- 
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tdllne  lens  and  the  anterior  face  of  its  snspensorj  ligament,  and^  at  its  cir€umf«r«o 
ihii  tips  of  the  ciliary  processes,  is  known  as  the  aquoous  chamber.  This  contains  a  th 
lifjnid,  called  the  aqueous  humor,  Th©  iris  separates  this  space  into  two  divisioDS.  whid 
communicate  with  each  other  throngh  the  pupiJ  ;  viz.,  the  anterior  chamber,  situatcdt 
tween  the  anterior  face  of  the  iris  and  the  cornea,  and  the  posterior  chamber,  between  Ih 
posterior  face  of  the  iris  and  the  crystalline.  It  id  evident,  trom  the  position  of  the 
that  the  anterior  chamber  is  mnch  the  larger;  and,  indeed,  the  posterior  sorface  of  xh 
iris  and  the  anterior  snrface  of  the  lens  are  in  contact,  except,  perhapiv  near  tlicir  | 
riphery  or  when  the  iris  is  very  much  dilat<jd.  The  liquid  filling  the  chambers  of  the  eyt 
is  said  to  be  secreted  by  the  blood-vessels  of  the  ciliary  processes ;  at  all  events,  it  is  raj> 
idly  reproduced  after  it  has  been  evaonated,  as  occurs  in  many  surgical  operations  op 
the  eye. 

There  is  very  little  to  be  said  concerning  the  properties  and  composition  of  tlie  aqo?- 
ons  hnmor.     It  is  perfectly  colorless  and  transparent,  faintly  alkaline,  of  a  specific  grav-bf 
of  about  1005,  and  possesses  the  same  mdex  of  refraction  as  the  cornea  and  the  vitre<v 
homor.     As  we  should  infer  from  its  low  specific  gravity,  the  aqueous  humor  is  compoiell 
chiefly  of  water.     It  contidna  a  small  quantity  of  an  aUmminoid  matter,  but  it  is  not  i 
dored  turbid  by  heat  or  other  agents  which  coagulate  albamen.     Various  inorganic  ailti 
(the  chloride.^,  sulphates,  phosphates,  and  carbonates)  exist  in  this  liquid,  in  small  yra 
tion<    It  contains  also  traces  of  urea  and  glucose. 

VUreotut  Humor. — The  vitreous  humor  is  a  clear,  glassy  substance,  occupying 
the  posterior  two-thirds  of  the  globe.  It  is  enveloped  in  an  exceedingly  delicate, 
oreless  capsule,  called  the  hyaloid  membrane,  which  is  about  ^^^  of  an  inch  in  thick- 
ness.  This  membrane  adheres  pretty  strongly  to  the  limitary  membrane  of  the  relka. 
In  front,  at  the  ora  serrata,  as  we  have  already  seen,  the  hyaloid  membrane  is  thickemil 
and  becomes  continuous  with  the  suspensory  ligament  of  the  lens. 

Tlie  vitreous  humor  itself  is  gelatinous,  of  feeble  consistence,  slightly  alkaline  in  iU 
reaction,  with  a  s[tccific  gravity  of  about  1005.  Upon  section^  there  oozes  from  H  * 
watery  fluid  of  a  slightly  mucilaginous  consistence.  This  humor  is  not  affected  by  heat  or 
alcohol,  but  it  is  coagulated  by  certain  mineral  salts,  more  especially  the  acetate  of  kal 
When  thus  solidified,  it  presents  regular  layers,  like  the  white  of  an  egg  boiled  m  it* 
shell ;  but  these  are  artiflcial.  In  the  embryon,  the  vitreous  humor  is  divided  into  niiiaer^ 
OU9  little  cavities  and  contains  cells  and  leucocytes.  It  is  also  penetrated  by  a  branch  £rot& 
the  central  artery  of  the  retina,  which  passes  through  its  centre  to  ramify  on  the  piwtc- 
rior  surface  of  the  crystalline  lens.  This  structure,  however,  is  not  found  in  the  nilallt 
the  vitreous  hnmor  being  then  entirely  without  blood -vessels. 

There  is  still  considerable  diflTerence  of  opinion  with  regard  to  the  stmctur©  of  lb» 
ritreouB  humor  in  the  adult^  some  anatomists  believing  that  it  is  perfectly  homogeiwofli 
and  that  the  so-called  laminiB  are  produced  only  by  the  action  of  rcagonti?,  while  othtn 
state  that  it  is  divided  into  compartments,  by  processes  penetrating  from  and  connected 
with  the  hyaloid  membrane.  The  weight  of  authority  is  decidedly  in  favor  of  a  finl^- 
division  of  the  humor  into  compartments  formed  by  delicate  membranes  radiating  from 
the  point  of  penetration  of  the  optic  nerve  to' the  anterior  boundary  where  tho  h/iloW 
membrane  is  in  contact  with  the  capsule  of  the  lens.  In  this  way,  the  humor  is  difid^ 
np,  something  like  the  half  of  an  orange,  by  about  one  hundred  and  eighty  mcmbriMi 
processes  of  extreme  delicacy,  which  do  not  interfere  with  its  transparency. 


Summary  of  the  Anatnmy  of  the  Globe  of  the  JSV/f. 

For  the  intimate  structure  of  the  various  coats  of  Uio  eye,  their  dimensiona*  etc.,  1 
reader  is  referred  to  the  descriptions  just  given  of  these  part^.     In  this  snmmary.  wi 
propose  simply  to  show  the  relations  of  the  various  parts,  giving  at  tlie  samo  tim^  ^1 
brief  statement  of  their  physiological  importance.     This  end  will  be  attained  hy  a  (^Ilf 
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explanation  of  Fig.  250,  which  represents  a  section  of  the  human  eye  and  shows  the 
relations  of  its  various  coats,  humors,  etc. 

The  eyeball  is  nearly  spherical  in' its  posterior  five-sixths,  its  anterior  sixth  being 
formed  of  the  segment  of  a  smaller  spliere,  which  is  slightly  projecting.  In  its  posterior 
five-sixths,  it  presents  the  following  coats,  indicated  in  the  figure : 

S.  The  sclerotic ;  a  dense,  fibrous  membrane,  chiefly  for  the  protection  of  the  more 
delicate  structures  of  the  globe,  and  giving  attachment  to  the  muscles  which  move  the 
eyeball.     Attached  to  the  sclerotic,  are  the  tendons  of  R,  R,  the  recti  muscles. 


Fig.  260.— /Section  of  the  human  eye^  copied  from  Ilelmholtz  and  ^ightiy  modified. 


Cor.  The  cornea ;  a  transparent  structure,  forming  the  anterior,  projecting  sixth  of 
the  globe ;  dense  and  resisting,  allowing,  however,  the  passage  of  light ;  covered,  on  its 
convex  surface,  with  several  layers  of  transparent  epithelial  cells,  and,  on  its  posterior 
surface,  with  the  membrane  of  the  aqueous  humor. 

Oho.  The  choroid  coat,  lining  the  sclerotic  and  extending  only  as  far  forward  as  the 
cornea ;  connected  with  the  sclerotic  by  loose  connective  tissue,  in  which  ramify  blood- 
vessels and  nerves,  and  presenting  an  external,  vascular  layer  and  an  internal,  pigmentary 
layer,  which  latter  gives  its  characteristic  dark-brown  color. 

C.  P.,  C.  P.  The  ciliary  processes;  peculiar  folds  of  the  choroid,  which  form  its  ante- 
rior border,  and  which  embrace  the  folds  of  the  suspensory  ligament  of  the  lens. 

C.  M.,  0.  M.  The  ciliary  muscle,  formerly  called  the  ciliary  ligament ;  a  muscular  ring, 
situated  just  outside  of  the  ciliary  processes,  arising  from  the  circular  line  of  junction  of 
the  sclerotic  with  the  cornea,  and  passing  over  the  ciliary  processes,  to  become  lost  in 
the  fibrous  tissue  of  the  choroid.  This  is  sometimes  called  the  tensor  of  the  choroid.  Its 
action  is  to  tighten  the  choroid  over  the  vitreous  humor  and  to  relax  the  ciliary  processes 
and  the  snspensory  ligament  of  the  lens,  when  the  lens,  by  virtue  of  its  elasticity,  becomes 
more  convex.  The  ciliary  muscle  is  the  active  agent  in  accommodation.  In  the  figure, 
the  mechanism  of  accommodation  is  shown  by  the  dotted  lines,  which  represent  the  sus- 
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penBorj  Ugament  relaxed  hj  the  coDtraction  of  the  ciliarjr  musele,  and  the  lens,  increaistO 
in  its  convexity,  pushing  forward  the  iris, 

L,  I.  The  iris ;  dividing  the  space  in  front  of  the  lens  into  two  chanaber^  oecup'wjd  hj 
the  aqueous  humor :  (A)  The  anterior  cbamber  is  much  the  larger.  The  iris,  in  it^  c<a. 
tral  portion  surrounding  the  pupil  (P),  is  in  contact  with  the  lens.  Its  tireujiiferenctt  to 
just  in  front  of  the  line  of  origin  of  the  ciliary  muscle. 

Ret.,  Ret.  The  retina;  an  exceedingly  delicate,  transparent  membrane,  lining  iho 
choroid  and  e^ctending  to  about  -^^  of  an  inch  behind  the  ciliary  processes,  the  aDlerior  mar- 
gin forming  the  ora  aerrata.  O.  The  optic  nerve  penetrating  tbe  retina  a  little  Internal  tu 
and  below  the  antero-posterior  axis.  The  layer  of  rods  and  cone^  is  situated  externall;, 
next  the  choroid.  Internal  to  the  layer  of  rods  and  cones,  are  the  four  granular  layers; 
next,  the  layer  of  nerve^celb;  next,  the  expansion  of  the  fibres  of  the  optic  nerTe;  auil 
next,  in  apposition  witli  the  hyaloid  membrane  of  the  vitreous  humor,  ia  the  limitary 
membrane.  T ho  layer  of  rods  and  cones  is  supposed  to  be  the  portion  which  reccit'r* 
visual  impressions,  the  rods  and  cones  being  connected  with  the  nerve-cells,  and  throogb 
them  with  the  fibres  of  the  optic  nerve,  by  delicate  filaments.  The  macula  lotea  and  the 
fovea  centralis  are  exactly  in  the  axis  of  distinct  Tislon. 

C,  The  crystalline  lens ;  elastic,  transparent,  enveloped  in  itg  capsule  and  surroundtfl 
by  S,  L.,  S.  L.,  the  suspensory  ligament. 

8.  L.,  S.  L.  The  suspensory  ligament ;  the  anterior  layer  connected  with  the  anterior 
portion  of  tJie  capsule  of  the  lens,  and  the  posterior,  with  the  posterior  portion  of  the 
capsule.  The  folded  portion  of  this  ligament,  which  is  received  between  the  folds  of  tlie 
ciliary  processes^  is  C4illed  the  zone  of  Zinn.  The  triangular  canal  between  tho  aniflrior 
and  the  posterior  layers  of  the  anspensory  ligament  and  surrounding  the  ecjnator  of  ih% 
Ions  is  called  the  canal  of  Petit. 

V.  The  vitreous  humor;  enveloped  m  the  stmctareless  hyaloid  membrane,  whkJi 
membrane  is  continuous  in  front  with  the  suspensory  ligament  of  the  lens. 


I 


Refraction  in  the  Eye^ 

It  is  simply  impossible  to  obtain  a  clear  idea  of  the  physiology  of  vision  without  1 
ing  carefully  studied  the  pliysiological  anatomy  of  the  visual  organs  ;  and,  for  this  rea- 
son, we  have  l>een  as  exact  as  possible  and  somewhat  minute  in  our  description  of  th« 
structure  of  the  eye.  If  the  student  will  carefully  study  the  anatomy  of  the  parta»  * 
very  succinct  statement  of  some  of  the  well-established  laws  of  refraction  will  render 
the  physiology  so  simple  that  it  will  follow  almost  without  explanation. 

In  applying  the  laws  of  the  refraction  of  light  to  the  transparent  media  of  th#  vjii 
it  IS  necessary  to  bear  in  mind  certain  general  facts  witli  regard  to  vision,  that  hare  t* 
jet  been  referred  t^  either  very  briefly  or  not  at  all. 

The  eye  is  not  by  any  means  a  perfect  optical  instrument,  looking  at  it  from  a  purely 
physical  point  of  view.     This  statement,  however,  should  not  be  understood  a^ 
that  the  arrangement  of  the  organs  of  vision  is  not  such  as  to  adapt  them  perfev^ 
functions  which  they  have  to  perform  in  connection  with   the  proper  n; 
visual  impressions.    By  physical  tests,  it  can  be  demonstrated  that  the  eye  i 
achromatic ;  but,  in  ordinary  vision,  the  dispersion  of  colors  is  not  appreciated.    Then 
is  but  a  single  point  in  the  retina,  the  fovea  centralis,  where  vision  is  absolutely  distinct  H 
and  it  is  upon  this  point  that  images  are  made  to  fall  when  the  eye  is  directed  lowani| 
any  particular  object. 

It  is  cnrions  to  note,  however,  that  the  refracting  apparatus  is  not  exactly  oeotjiwl,  a 
condition  so  essential  to  tlie  satisfactory  performance  of  our  most  perfect  optical  inntni' 
meats.  For  example,  in  a  compound  microscope  or  a  telescope,  the  centres  of  the  dilfer- 
ent  lenses  entering  into  the  construction  of  the  instrument  are  all  situated  in  a  straiflil  ( 
line.     Were  the  eye  a  perfect  optical  instmment,  the  line  of  vision  would  coincide  ei* 
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iictljf  wiUi  the  axis  of  the  cornea ;  but  tills  is  not  the  cas^.     The  rignal  lm&  (a  line  drawn 

^  itom  an  object  to  its  imago  on  the  fovea  centralis)  deviates  from  the  axis  of  the  cornea, 

in  normul  ejea,  to  the  nasal  sid«.     The  visual  Une^  therefore,  forma  an  angb  with  the 

axis  of  the  cornea.     This  h  known  as  the  angle  alpha.     Thiti  deviation  of  the  viauat 

line  from  the  mathematical  centre  of  the  eye  is  observed  both  in  the  horizontal  and  iu 

the  vertical  planes.     **  The  Ijorizontal  deviation  varies  from  two  to  eight  degrees  {Sekufr- 

man),  the  vertical,  from  one  to  three  degrees  {MitmleUtamm).^^     Ol"  coarse,  this  want  of 

exact  centratioQ  o(  the  optical  apparatus*,  in  normal  eyci*,  docs  not  practically  affect  dift- 

\  tiuct  %'ision^  fur,  when  the  eyes  are  directed  toward  any  object,  this  object  is  brought  in 

^jtto  Hne  of  the  visaal  axis;  but  the  angle  alpha  h  an  important  element  to  be  taken  into 

iBbttnt  in  various  mathematical  calcuIatioDd  connected  with  the  physics  of  the  eye, 

r^'^Tlie  field,  or  area  of  diBtinct  vision,  is  quite  restricted;  but^  were  it  larger,  it  is  proba- 

|t»]e  tliat  tlie  min<l  would  become  confusited  with  the  extent  and  variety  of  the  impressiona, 

ond  that  we  should  be  unable  so  easily  to  observe  minute  detaila  and  Hx  the  attention 

upon  email  objects. 

While  we  see  certain  objects  witli  absolute  distinctness  in  a  restricted  field,  the  angle 
of  vision  ia  very  wide,  and  rays  of  light  are  admitted  from  an  area  equal  nearly  to  the 
half  of  a  sphere.  Sach  a  proviHiun  U  eminently  well  adapted  to  our  reqairements.  We 
Mie  ©yes  to  a  particular  point  and  see  a  certain  object  distinctly,  getting  the  advan- 
Iftn  image  in  the  two  eyes  exactly  at  the  points  of  distinct  viaion ;  the  rays  com- 
g'froro  without  the  area  of  distinct  vision  are  received  npon  different  portions  of  the 
Gurface  of  the  retina  and  jirodiicc  an  impression  more  or  less  indistinct,  not  interfering 
with  the  observation  of  the  particular  object  to  which  the  attention  is  for  the  moment 
directed ;  but,  even  while  looking  intently  at  any  object,  the  attention  may  be  attract- 
ed by  another  object  of  an  unusual  character,  which  mighty  for  example,  convey  an  idea 
of  danger*  and  the  point  of  dii^tinct  vision  can  be  turned  in  its  direction.  Thtis,  while 
W0  see  distinctly  but  few  objects  at  one  time,  the  area  of  intlistinct  vision  is  immense ; 
imd  our  attention  may  be  readily  directed  to  unexpected  or  unusnal  objects  that  may 
9ome  within  any  portion  of  the  field  of  view.  The  small  extent  of  the  area  of  distinct 
rision,  especially  for  near  objects,  may  be  readily  appreciated  if  we  watch  a  person 
attentively  reading  a  book,  when  the  eyes  will  l\c  seen  to  follow  the  lines  from  one  side 
of  the  page  to  the  other  with  pi-rfect  regularity.  When  we  consider  that^  in  addition  to 
these  remarkable  qualities,  which  are  never  thought  of  in  artificial  optical  instrumental, 
the  eye  inAy  be  accommodated  nt  will,  with  the  most  exquisite  nicety,  to  vision  at  differ- 
ent distances,  and  that  we  possess  correct  appreciation  of  form,  etc.,  by  the  use  of  the 
two  eyes,  it  is  evident  that  the  organ  of  vision  gains  rather  than  loses  in  comparison  with 
the  moat  perfect  instruments  that  have  ever  been  or  probably  ever  wiU  be  constructed. 

ZaiP«  qf  B^fraetion,  DUperdon^  ete,^  hearing  ujton  fh;  Physiology  of  Vision. — In 
the  present  state  of  physiological  science,  we  have  little  to  do  with  the  theory  of 
light,  except  as  regards  the  modifications  of  luminous  rays  in  passing  through  the  re- 
fracting media  of  the  eye.  It  will  be  sufficient  to  state  that  nearly  all  physicists  of  the 
presiMit  day  agree  in  accepting  what  is  known  as  the  theory  of  undulation,  rejecting  in 
tbf  emission -theory  proposed  by  Newton.  It  ii*  necessary  to  the  tljeory  of  undula- 
to  aesame  that  all  space  and  all  transpjirent  bodies  are  permeated  with  what  has  been 
QJileil  a  Inminiferoos  ether;  and  that  light  ia  propagated  by  a  vibration  or  an  undulation 
of  this  hypothetical  substance.  This  theory  assimilates  light  to  sound,  in  the  mechanism 
of  it«*  propagation;  but,  in  sound,  the  waves  are  supposed  to  be  longitudinal,  or  to  ibl- 
low  the  line  of  propagation,  while  in  light  the  particles  are  supposed  to  vibrato  trans- 
versely, or  at  right  angles  to  the  line  of  propagation.  It  must  be  remembered,  however, 
that  the  undulatory  theory  of  sound  is  capable  of  positive  demonstration,  and  that  the 
propagation  of  sound  by  waves  can  only  take  place  througli  {ponderable  matttT,  the 
Tihrattona  of  which  can  always  bo  observed;  while  luminons  vibrations  involve  the 
50 
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existence  of  An  imponderabte  and  a  purely  Lypotheticol  ether.     It  Is  possible,  indeed,  thjit 
scientific  facta  may^  in  the  future,  render  tlie  existence  of  sach  un  etlier  iinprobuble  or  iu  i 
supposition  unnecessary;  but,  at  prciient,  aU  we  can  say  is  that  the  theory  of  lamioooi 
undulation  is  entirely  in  accord  with  the  optical  phenomena  that  have  thua  far  beeu  rtc*  j 
ognized. 

The  different  cakulationB  of  physicists  with  regard  to  the  velocity  of  light  have  h^m 
remarkably  uniform  in  their  residts.  The  lowest  calcnlationi*  put  it  at  about  185,uim» 
miles  in  a  second,  and  the  highest,  at  about  195,000  miles.  Thti  rate  of  propagatioo  i* 
usually  assumed  to  be  about  11)2,000  miles. 

The  intensity  of  light  is  in  proportion  to  the  amplitude  of  tlie  vibrations.    The  iiit«o* 
sity  diminishes  as  the  distance  of  the  luminous  body  increases,  and  is  in  inverse  ratio  tol 
the  square  of  the  distance. 

In  the  theory  of  the  colors  into  which  pure  white  light  may  be  decomposed  by  prisai%l 
it  is  assumed,  as  a  matter  of  demonstration,  that  the  waves  of  the  different  colors  of  thai 
solar  spectrum  are  not  of  the  same  length.  The  decomposition  of  Ught  is  produced  bff 
differences  in  the  refraugibility  of  the  diflerent  colored  rays  as  they  pass  through  a  denscri 
medium  than  tbe  air.  The  dilierences  in  the  wave-lengths  for  different  colore  is  very  I 
simply  set  forth  by  Tyndall  as  follows : 

"'  The  color  of  light  is  deteniiined  sokly  by  its  wave-length.     The  ether-waves  gmd-J 
ually  diminish  iu  length  from  the  red  to  the  violet.     The  length  of  a  wave  of  red  light  if 
about  sTft^  of  an  inch ;  that  of  the  wave  of  violet  light  is  about  jyiu^  of  an  inch.    Tii«1 
waves  which  produce  the  other  colors  of  the  spectrum  lie  between  these  extremea. 

**The  velocity  of  light  being  192,000  miles  in  a  second,  if  we  multiply  this  nnroWJ 
by  89,000,  we  obtain  the  n\imber  of  waves  of  red  light  in  192,000  miles  ;  the  product  lil 
■174:, 480,680,000,000.  All  of  these  waves  enter  the  eye  in  a  second.  In  the  same  int4i>| 
val  099,000,000,000,000  waves  of  violet  light  enter  the  eye*  At  this  prcnligionR  nit^  is' 
the  retina  hit  by  the  waves  of  light, 

*'  Color,  in  fact,  is  to  light,  what  pitch  is  to  sound.    The  pitch  of  a  note  uLjmu- 
solely  on  the  nnmber  of  atrial  waves  which  strike  the  ear  In  a  second.     The  color  ofl 
light  depends  on  the   number   of  ethereal  ivaves  which  strilte   the  ey©  in  a  jvcondJ 
Thus  the  sensation  of  red  is  produced  by  imparting  to  the  optic  nerve  four  hundred  and  * 
seventy-four  millions  of  millions  of  impulses  per  second,  while  the  sensation  of  violet  i* 
produced  by  imparting  to  the  nerve  six  Imndred  and  ninety-nine  millious  of  miUiooji  j^^r 
second.**    In  this  way  the  scale  of  colors  in  the  solar  spectrum  is  compared  to  the  toil^ 
of  musical  notes  and  intervals.     Indeed,  Helmholtz  has  constructed  a  thecredoal  idl^ 
of  coK>r8  to  correspond  with  musical  tones  and  semitones. 

The  analysis  of  white  light  into  the  different  colors  of  the  spectrum  shows  thai  it  U 
compound  ;   and,  by  synthesis,  the   colored   rays  may  be  brought  together,   prodndtij; 
white  light.     Colors  may  be  obtained  by  decomposition  of  light  by  transparent  b<xl»iA  i 
the  different  colored  rsys  being  refracted,  or  bent  by  a  prism  at  different  angles.     U  is  J 
not  in  this  way,  however,  that  the  colors  of  different  objects  are  produced.     Certain 
(•bjects  have  the  property  of  retleeting  the  rays  of  light.     A  perfectly  smooth,  poliili«4  j 
surtace,  like  a  mirror,  may  reflect  all  of  the  rays ;  and  the  object  then  has  nn  color,  tb«| 
reflected  light  only  being  appreciated  by  the  eye.    Certain  other  objects  do  not  reri^cftl 
all  of  the  ray**  of  light,  some  of  them  being  lost  to  view  or  absorl»ed.     H  hen  an  object  1 
absorbs  all  of  the  rays,  it  has  no  color  and  is  called  black.     When  an  object  al»sorb*i  ll*' 
rays  Cfj ually  and  reflects  a  portion  of  these  rays  without  deeompOHitton,  it  is  grur  or 
white.     There  are  many  objects,  however,  that  decompose  white  light,  nbsorbing  certain 
rays  of  the  spectrum  and  reflecting  others.     The  rays  not  abs<jrbed^  but  returned  t**  ^ 
the  eye  by  reflection*  give  color  to  the  object.     Thua,  if  an  object  absorb  all  of  the 
of  the  8p€»ctrnm  except  the  red,  the  red  rays  strike  the  eye,  and  the  color  of  th*  objo 
Is  red*    So  it  is  witli  objects  of  different  shades,  the  colors  of  which  an&  given  «niplj| 
by  the  imabsorbed  rays. 
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It  is  a  corions  fact  that  the  mixture  of  different  colors  in  certain  proportions  will 
result  in  white.  Two  colors,  which,  when  mixed,  result  in  white,  are  called  complemen- 
tarj.    The  foUowing  colors  of  the  spectrum  hear  anch  a  relation  to  each  other : 

Red  and  greenish -blue. 

Orange  and  cvano^i^en-blue. 

Yellow  and  indigo-blue. 

Greeniith -yellow  and  violet. 
>  fact  that  impressions  made  upon  the  retina  persist  for  an  appreciable  length  of 
time  enables  us  to  illustrate  the  law  of  cotrtplementary  colors.     If  a  disk,  presenting 
dirisions  with  two  complementary  colors,  be  made  to  revolve  so  rapidly  that  the  traprcs- 
iions  made  by  the  two  calors*  are  blended,  the  re!*ulting  color  is  white. 

It  i3  almost  useless,  with  our  present  knowledge,  to  speculate  with  regard  to  the  prob- 
»ble  mechanism  of  the  apjireciation  of  colors  in  vision.  The  facts  just  stated  are  suffi- 
dently  clear,  showing  that  tlie  number  of  ethereal  vibrationit  is  dilferent  for  different 
eolors ;  but  it  is  by  no  meaors  determined  that  difl'erences  in  the  amplitude  of  the  vibra- 
tions are  in  direct  relation  with  the  arrangement  of  the  disks  of  the  rod.s  and  cones  in 
different  portions  of  the  retina,  a  theory  lately  proposed  by  Zenker.  The  curious  phe- 
nomena of  color- blindness  depend  upon  an  abnormal  condition  of  the  visual  apparatus. 
PersonB  poHsessing  this  peculiarity — ^called  sometimes  DaltonisEm,  after  the  cclcbratetl 
Englbh  chemist,  who  described  this  infirmity  as  it  existed  in  his  own  person — although 
rision  may  be  normal  in  other  respects,  cannot  distinguish  certain  colors,  will  mistake  red 
for  green^  etc,  and  some  can  only  distinguish  black  and  white.  It  is  a  curious  fact,  also, 
that  persons  affected  with  color-blindness  (Daltonism,  or  achromatopsia)  are  j^ometimes 
incapJible  of  distinguishing  different  musical  tones.  Although  often  congenital  and  irre- 
mediable, it  is  now  known  that  color-blindness  is  sometimes  produced  by  the  excessive 
ose  of  uleohol  and  tobacco,  exposure  to  cold  and  wet,  etc.,  and  is  amenable  to  treatment. 

R^methn  ht/  Leme^, — A  ray  of  \\^\t  is  an  im.'jginary  pencil,  so  small  as  to  present 
but  a  §inglu  line ;  and  the  light  admitted  to  the  interior  uf  the  eye  by  the  pupil  is  sup- 
posed to  consist  of  an  infinite  number  of  such  rays.  In  studying  the  physiology  of 
rision,  it  is  important  to  recognize  the  laws  of  rofraction  of  rays  by  transparent  bodies 
bounded  by  carved  sorfaces,  with  pailicular  reference  to  the  action  of  the  crystalline  lens. 


prfjfms. 


The  Actbn  of  a  double -con  vox  lens,  like  the  crystaUlne,  in  the  refraction  of  lights 
readily  understood  if  we  simply  apply  the  well-known  laws  of  refraction  by 
OS.     A  ray  of  li^ht  falling  upon  tbe  side  of  a  prism  at  an  angle  is  deviated  toward 
"TUne  perpendicular  to  the  surface  of  the  prism.    As  the  ray  passes  from  the  prism  to 
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the  flir,  it  is  again  refracted^  bat  tlieo  llie  deviation  is  from  the  perpendicular  of  thm'i 
ond  surface  of  the  prism.     If  w<s  imag^ine  two  prisms  placed  to|ttJtlier,  as  in  Fi^*  251  ^  ll 
ruy  A  B  will  be  bent  toward  the  pen>endicular  G  B  to  M.     As  it  passes  from  the  pH* 
it  will  be  refracted  froiu  the  perpendicular  H  M  and  take  tiie  direcrion  M  I.   Correspond 
ing  refraction  takes  |dace  in  the  ray  N  O  falliug  upon  the  lower  prism*    These  two  ray 
will  cross  each  other  at  the  point  L. 

A  circle  is  isupposed  to  be  eijuivulent  to  a  polygon  with  an  infinite  nnmber  of  nide 
A  regular  double-convex  lens  isj  a  transparent  body  bounded  by  portions  of  a  sphere,  ani 
it  may  be  assumed  to  be  composed  of  an  infinite  number  of  prisms.    The  action  of  a  con* 
vex  lens  is  to  converge  the  rays  of  light  tailing  upon  different  portions  of  their  surface  i 
that  they  cross  at  a  certain  distance  behind  the  lens.     If  we  ima^ne  the  lens  A  B  (Fm 
25:2)  to  be  free  from  spherical  aberration,  the  rays  0  D  and  C  £,  from  the  point  C,  wij 
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be  refracted  and  brought  to  a  fbcus  at  the  point  F,  In  the  same  way,  tlie  rays  from  tlj« 
point  K  will  be  brought  to  a  focus  at  the  point  L,  the  two  set?  of  ray»  crossing  ft  4 
The  same  is  true  for  idl  the  rays  from  the  object  V  K.  which  strike  the  lens  at  an  at]|gf9«j 
but  the  ray  H  I,  which  is  perpendicular  to  the  lens,  is  not  deviated.  The  line  H  I  ta  1 
called  the  axi^  ofXhe  lens.  These  facts  may  be  applied  to  the  crystalline  lens.  The  n^j 
from  an  object  C  K  fall  upon  the  lens  and  are  brought  to  a  focus  so  as  to  j>ro<luc;e  tit  j 
image  L  P.  The  retina  is  supposed  to  be  at  such  a  distance  from  the  leti-  '  "  nti  I 
are  brought  to  a  focus  exactly  at  its  surface.     Inasmuch  as  the  rays  cro>  •  rir 

the  point  G,  the  image  U  always  inverted. 

Supposing  thc'crystalline  lena  to  be  free  from  sphericid  and  chromatic  aberrAtion.  iJit , 
formation  of  a  perfect  image  depends  upon  the  following  conditions: 

Tlie  object  must  be  at  a  certain  distance  from  the  lens.  If  the  object  be  too  near,  lU 
rays,  as  they  strike  the  lens,  are  too  divergent  ami  are  brought  to  a  focus  beyonil  tJw 
phtne  L  I  F,  or  beliind  the  retina ;  and^  as  a  conse<iuence,  the  image  i«  confuted,  h 
optical  instruments,  I  ho  atyustment  is  made  for  objects  At  different  dist«mc<?s  by  Er.oriuj; 
the  lena  itself*  In  the  eye,  however,  the  fl<\iiistment  is  effeet^^d  by  increasing  or  dimin 
ishihg  the  curvatures  of  the  lens,  so  that  the  rays  are  always  brought  to  n  forus  nt  \U 
visual  surface  of  the  retina*    Tlie  faculty  uf  thai*  changing  tlie  cur^  rhe  cn^ 

talline  lens  is  called  accommodation.     This  power,  however,  is  restri  n  rtrtiiu 

welbdefined  limits. 

In  some  individuals,  the  antero-postcrJor  diameter  of  the  eye  is  too  long,  and  tli«? 
rays,  for  most  obfects,  come  to  a  focus  before  they  reach  tbe  retina.  This  defect  but  ht 
remedied  by  placing  the  object  very  near  the  eye,  so  as  to  increase  the  div.  '  ''  f 

rays  as  they  »trik©  the  crvHtalline.     Such  persons  are  said  to  l>e  near-si^:! 
and  objects  arc  seen  distinctly  only  when  very  near  the  eye.    This  defect  urn}  U  rouf* 
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died  tor  dist^int  objects  by  placing  concave  lenses  before  the  eye^  by  which  the  rtys 
fulling  upon  the  crystalline  ;Lre  diverged.  The  opposite  condition^  in  which  the  antero- 
posterior diameter  is  too  short  (hyi>€rraetropia),  is  such  that  the  rays  are  brought  to  a 
focus  behind  the  retina.  This  is  corrected  by  converging  the  rays  of  incidence  by  plac- 
ing convex  lenses  before  the  ©yea.  In  old  age,  the  cryetalliue  lens  becomes  flattened,  its 
elasticity  is  diminisbed^  and  the  power  of  aceommcMJation  is  lessened  ;  conditions  which 
also  tend  to  bring  the  rays  to  a  focus  behind  the  retina.  This  condition  ia  called  pres- 
byopia. To  render  near  vision,  as  in  readings  distinct,  objects  are  placed  farther  from 
the  eye  than  under  normal  conditions.  Tbe  defect  may  be  remedied^  as  in  hypennetro- 
pia,  by  placing  convex  lenses  before  the  eyes,  by  which  the  rays  are  converged  before 
they  fall  upon  the  crystal  line  lens. 

The  mechanism  of  accommudatlon  will  be  fijlly  considered  in  conucction  with  the 
physiology  of  the  crystalline  lena  ;  and  at  present,  it  is  sutficietit  to  stat4e  that,  in  looking  at 
distant  object5»,  the  rays,  as  they  fall  npnn  the  lens^  are  nearly  parallel.  The  lens  is  then 
in  repose,  or  *Hndolent."''  It  is  only  when  an  etfort  is  made  to  see  near  objects  distinctly^ 
that  the  agents  of  accommoilution  are  culled  into  action  ;  and  then,  very  sli;>ht  changes 
in  the  curvature  of  the  lens  are  sutiicient  to  bring  tlio  nivh  to  a  Axnh  exactly  on  tho 
visTial  surface  of  the  retina* 


^>heri^d  Ah^rmtion. — In  a  convex  lens,  with  ita  surfaces  consisting  of  portions  of  a 
feet  sphere,  the  rays  of  light  from  any  object  are  not  converged  to  a  unifonu  focui^ 

the  i»rodoction  of  an  absolutely  distinct  inmge  is  impossible.     For  eiani[»le^  if  iwe 
ppose  the  crystalline  lens  to  present  regular  curvatures,  the  rays  refracted  by  lt»  periph- 

fK>rtiun  would  bo  brought  to  a  focus  in  front  of  the  retina ;  the  focus  of  the  rays 
converged  by  the  lens  near  its  centre  would  be  behind  the  retina  ;  a  few,  only,  of  the 
rays  would  have  their  focus  at  the  retina  itself;  and,  as  a  consequence,  the  imago  would 
appear  confused.  Thi^  is  illu&tratetl  in  imperfectly -corrected  lenses  and  is  called  spherical 
erration.     For  examf)le,  in  examining  an  object  with  an   imperfectly-corrected  objec- 

under  the  microscope*  it  is  evident  that  tho  field  of  view  ts  not  uniform,  and  that 
bere  is  a  different  focal  otyuatment  for  the  central  .and  the  peripheral  portions  of  the 
lens.  In  the  construction  of  optical  instruments,  tliis  dithcnlty  may  be  in  part  corrected 
if  the  rays  of  light  be  cut  olf  from  the  periphery  of  the  lens  by  a  tlinphragm,  which  is 
an  «)pa<[ue  screen  with  a  circular  perforation  allowing  the  rays  to  pass  to  a  restricted  por- 
tion of  the  lens  near  ita  centre.  The  iris  corresponds  to  the  diapliragm  of  optical  instru- 
ments, and  it  corrects  tho  spherical  aberration  of  the  crystalline  in  part,  by  eliminating  a 
portion  of  the  rays  that  wouhl  otherwise  fall  upon  its  peripheral  portion.  But  this  cor- 
rection is  not  sufficient  for  high  magnityinijr  powers ;  and  it  is  only  by  tho  more  or  less 
perfect  correction  of  tins  kind  of  aberration  by  other  meann,  that  poweriul  leoscH  have 
been  rendered  available  in  optics. 

The  spherical  aberration  of  lenses  which  diverge  the  rays  of  light  is  precisely  oppoaito 
to  the  aberration  of  converging  lenses.  If,  therefore,  we  construct  a  compound  lens,  it 
is  possible  to  fulfil  the  conditions  necessary  to  the  convergence  of  all  the  incident  rays  to 
ft  focus  on  a  tmifonn  plane,  so  that  the  image  produced  behind  the  lens  is  not  distorted^ 
Given,  for  example,  a  double-convex  lens,  by  which  the  rays  are  brought  to  innumerable 
focal  points  situated  in  ditferont  planes.  The  fat*t  that  but  a  few  of  these  focal  point-s  uro 
in  the  plane  of  the  retina  renders  the  image  indistinct.  If  we  place  behind  this  convex 
lens  a  concave  lens,  by  the  action  of  which  the  rays  are  more  or  less  diverged,  the  ine- 
quality of  the  divergence  by  dltlerent  portions  of  the  second  lens  will  have  the  following 
effect:  As  tlie  angle  of  divergence  gradually  increases  from  the  centre  toward  the  poriph- 
€rT,  the  rays  near  the  periphery,  which  are  most  powerfully  converged  by  the  convex 
l^na,  will  be  most  widely  diverged  by  the  peripheral  portion  of  the  concave  lens;  bo  that, 
if  tlie  oppo«»ite  curvatures  be  accurately  adjusted,  tiie  aberrant  rays  may  be  blended.  It 
b  evident  tliat,  if  all  of  the  rays  were  equally  converged  by  the  convex  lens  .and  equally 
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diverged  by  the  concave  leDS,  the  action  of  the  latter  would  be  simply  to  elongiite 
focal  distance ;  and  it  la  equally  evident  tbat^  if  the  aberration  of  th*i  une  bo  exactlji  opj] 
site  to  tbo  aberration  of  tbo  otlier,  there  will  be  perfect  correction.     Mechanical  art  I 
not  enabled  us  to  effect  correction  of  every  portion  of  very  power fnl  convex  1ens«;s  in 
wiiy  *  but^  by  a  combination  of  knses  and  diaphragms  together,  bighlj-magnified  iuii 
nearly  pert^ct,  have  been  produced. 

It  is  evident  that,  for  distinct  vision  at  different  distances,  the  crystalline  len«  mn&t  lie 
nearly  free  from  spherical  aberration.  This  is  not  effected  by  a  combination  of  lens^t,  m 
in  ordinary  optical  inBtriimeuts,  but  by  the  curvatures  of  the  lens  itself,  and  by  ceiljdfi 
differences  in  the  consistence  of  different  portions  of  the  lens,  which  wiU  be  fully 
aider ed  hereafter. 


Chromatic  Aberration. — We  Lave  already  allnded  to  the  fact  that  a  refracting 

does  not  act  equally  upon  the  different  colored  rays  into  which  pure  white  liieht  may  l»* 
decomposed ;  in  other  words,  as  the  pare  ray  falling  upon  the  inclined  gnrtace  of  a.  gU^ 
prism  is  bent,  it  is  decomposed  into  the  colors  of  the  spectrum.  As  a  convex  leu»  i4 
practically  composed  of  an  infinite  number  of  prisms,  the  same  effect  would  be  e3q»ecteil. 
Indeed,  a  siruple  convex  lens,  even  if  the  sjiherical  aberration  be  corrected,  alwayi 
produces  more  or  less  decomposition  of  light.  The  image  formed  by  such  a  len*  will 
consequently  be  colored ;  and  this  defect  in  simple  lenses  is  called  chromatic  aberratioiu 
At  the  Bttuie  time^  it  is  evident  that  the  centre  of  the  different  rays  from  an  object  will  hi 
composed  of  all  the  colors  of  the  spectrum  combined,  producing  the  effect  of  white  Ught; 
but,  at  the  borders,  the  different  colors  will  be  separate  and  distinct,  and  an  image  pro* 
duced  by  a  simple  convex  lens  will  thus  be  surrounded  by  a  circle  of  colors  like  a  rail*- 
bow. 

Id  prisms,  the  chromatic  dispersion  may  be  corrected  by  allowing  tlio  colored  njt 
from  one  prism  to  fall  upon  a  second  prism,  which  is  inverted,  so  that  the  colons  will  bt 
brought  together  and  produce  white  light.  Two  prisms  thus  applied  to  each  other  coo* 
etitute,  in  fact,  a  flat,  plate  of  glass,  and  the  rays  of  light  pass  without  deviation.  If  tlili 
Jaw  be  applied  to  lenses,  it  is  evident  that  the  dispersive  power  of  a  convex  lent  may  be 
exactly  opposite  to  that  of  a  concave  lens.  By  the  convex  lens,  the  colored  ray*  af* 
separated  by  convergence  and  cross  each  other;  while,  in  the  concave  leni*,  the  coloitd 
rays  are  dispersed  in  the  opposite  direction.  If,  then,  we  combine  a  convex  with  a  COB^ 
cave  lens,  the  white  light  decomposed  by  the  one  will  be  recomposed  by  the  other,  aod 
the  chromatic  aberration  will  thus  be  corrected.  But>  in  using  a  convex  and  &  coDcait 
lens  composed  of  the  same  material,  the  convergence  by  the  one  will  be  nentnliaad  hj 
the  dispersion  of  the  other,  and  there  will  be  no  amplification  of  the  object 

In  the  constrtjction  of  optical  instruments,  the  chromatic  aberration  is  corrected,  wilb 
but  slight  diminution  in  the  amplification,  by  combining  lenses  made  of  different  niAteriiJ, 
as  of  flint-glass  and  crnwn-glflsa.  Fiint-^lass  Ima  a  much  greater  dispersive  power  ibw 
crown-glass.  If,  therefore,  we  use  a  convex  lens  of  crown-glass  combined  with  a  coocavt 
lens  of  flint-glass,  the  chromatic  aberration  of  the  convex  lens  may  be  corrected  by  a  eofi* 
cave  lens  with  a  curvature  which  wfll  take  but  little  from  the  magnifying  power.  A  c&m^ 
pound  lens,  with  the  spherical  aberration  of  the  convex  element  corrected  by  the  cnrvltaw 
of  a  concave  lens,  and  the  chromatic  aberration  corrected  by  the  curvature,  in  part,  aa^ 
in  part  by  the  superior  refractive  power  of  flint-glass  over  crown-^aae,  will  prvdiJ^ 
a  fierfect  image. 

Although  the  eye  Is  not  absolutely  achromatic,  the  dispersion  of  light  is  not  suffiricat 
to  interfere  with  distinct  vision.  We  can  understand  how  the  chromatic  aberration  i» 
practically  corrected  in  the  crystalline  lens,  when  we  remember  that  ita  various  lij»ti 
are  of  diflerent  consistence  and  of  different  refractive  power. 
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I'hrmation  of  linagts  in  thf:  JEJi/e, 

It  is  onlj  neceissary  to  call  to  mind  the  general  ftrrangement  of  tbe  different  struttnre* 
in  the  eje  and  to  apply  the  simple  laws  of  refraction,  to  comprebend  precisely  hovr  imagus 
are  formed  upon  the  retina. 

The  eye  corresponds  to  a  camera  obacnra.  Its  interior  is  lined  with  a  dark,  pigment- 
ary membrane  (tbe  choroid),  the  function  of  which  is  to  prevent  the  confn?ion  of  images 
by  internal  reflection,  The  rays  of  light  are  admitted  through  a  circular  opening  (the 
pupil),  the  »ize  of  which  h  regulated  by  tbe  movementj  of  tbe  iris.  The  pujiil  is  contrueted 
when  the  light  striking  the  eye  is  intense  and  is  dilated  as  the  amount  of  light  is  dimin- 
Uhed,  In  the  accommodation  of  the  eye,  the  pupil  is  dilated  for  distant  objects  and  con- 
tracted for  near  objects ;  for,  in  looking  at  near  objects^  the  aberrations  of  sphericity  and 
achromatism  in  the  lens  are  more  marked,  and  the  peripheral  portion  is  cut  off  by  the 
action  of  this  movable  diaphragm,  thns  aiding  the  correction.  The  rays  of  light  from  an 
object  pass  through  the  cornea,  tbe  aqueous  humor,  tbe  crystalline  len^,  and  the  vitreoQs 
humor,  and  they  are  refracted  with  so  little  spherical  and  chromatic  aberrationj  that  the 
Bnage  formed  upon  tbe  retina  is  practically  perfect.  The  layer  of  rods  and  cone»  of  the 
retina  is  the  only  portion  of  the  eye  endowed  directly  with  special  sensibility,  the  impres- 
sions of  light  being  conveyed  to  the  brain  by  the  optic  nerves.  This  layer  is  situated 
next  the  choroid^  but  the  other  layers  of  the  retina^  through  which  the  light  passes  to 
reach  the  rods  and  cones,  are  perfectly  transparent. 

It  has  been  positively  demonstrated  that  the  rods  and  cones  are  the  only  stmctttrea 
capable  of  directly  receiving  visual  impressions,  by  the  following  interesting  experiment, 
first  made  by  Purkinje:  We  concentrate  upon  the  sclerotic,  with  a  convex  lens  of  short 
focus,  an  intense  ligbt,  at  a  point  a;s  far  as  possible  removed  from  tbe  cornea.  This  passes 
through  the  translucent  coverings  of  the  eye  at  this  point,  and  the  image  of  the  light 
Teaches  the  retina.  If  we  then  look  at  a  dark  surface,  we  have  the  fiehl  of  vision  present- 
ing a  reddifth -yellow  illumination,  with  a  dark,  arborescent  appearance  produced  by  the 
ahadciw  of  the  large  retinal  vessels ;  and,  as  we  move  the  lens  slightly,  the  shadow  of  the 
moves  with  it.  Without  going  elaborately  into  the  mechanism  tif  this  remarkable 
>menon,  it  is  suffieient  to  state  tliat  Heinrich  Miller  has  arrived  at  an  absolute  mathe- 
tnatical  demonstration  that  tbe  shadows  of  the  veasels  are  formed  upon  the  layer  of  rods 
and  cones,  and  that  this  layer  alone  is  capable  of  receiving  impressions  of  light.  His  ex* 
planation  is  accepted  by  all  writers  at  tbe  present  day  and  is  regarded  as  positive  proof 
of  the  peculiar  sensibility  of  this  portion  of  the  retina.  In  carefully-conducted  observa- 
tiona  of  thia  kind,  a  spot  is  seen  in  which  no  v easels  appear,  which  corresponds  to  the 
fovea  centralis.  When  the  experiment  is  prolonged,  tbe  vessels  disappear,  as  the  aensi* 
bihty  of  the  retina  becomes  diminished  by  fatigue. 

TheoreticaUy,  an  illuminated  object  placed  in  the  angle  of  vision  would  form  upon  the 
retina  an  image,  diminished  in  size  and  inverted.  This  fact  is  capable  of  actual  demon- 
stration by  means  of  the  ophthalmoscope.  With  this  instrument,  the  retina  and  the  im- 
ages formed  upon  it  may  be  seen  during  life  with  perfect  distlnctnesa. 

All  parts  of  the  retina,  except  the  point  of  entrance  of  the  optic  nerve,  are  sensitive  to 
light ;  and  the  arrangement  of  tlie  cornea  and  pupil  is  such,  that  the  field  of  vision  is,  at 
the  least  estimate,  equal  to  the  half  of  a  sphere.  If  a  ray  of  light  fall  upon  the  border  of 
tbe  cornea  at  a  right  angle  to  the  axis  of  the  eye,  it  is  refracted  by  its  surface  and  will 
l>ias  ilirough  the  pupil  to  the  border  of  the  retina  upon  the  opposite  side.  Above  and 
helow,  the  circle  of  vision  is  cut  off  by  the  overliangiiig  arch  of  the  orbit  and  the  malar 
prominence ;  bnt  externally  the  field  is  free.  With  tlic  two  eye&,  therefore,  tbe  lateral 
■field  of  vision  must  be  equal  to  at  least  one  hundred  and  eighty  degrees.  It  is  easy  to 
demonstrate,  however,  by  the  ophthalmoscope,  as  well  as  by  taking  cognizance  of  the 
impressiona  made  by  objects  far  removed  from  the  axis  of  distinct  vision,  that  images 
formed  upon  the  lateral  and  peripheral  portions  of  the  retina  are  confused  and  imperfect. 
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We  have  a  knowledge  of  the  presence  and  an  indefinite  idea  of  the  general  form  c 
objects  situated  outside  of  the  area  of  distinct  vision ;  but^  when  we  wish  to  note  such 
objects  exactly,  the  eyeball  ia  turned  by  muscular  efforti  bo  as  to  briag  them  at  or  rery 
near  the  axis  of  the  t^lobe.    This  fact,  with  what  we  know  of  the  mechanism  of  refracti^ 
by  the  cornea  and  lens,  makes  it  evident  that  the  area  of  the  retina  upon  which  imagi 
are  formed  with  perfect  distinctness  is  quite  restricted.    A  moment's  reflection  is  8uflicit?J 
to  conyince  any  one  that,  in  order  to  see  any  object  distinctly,  we  must  look  at  tt, 
bring  the  axis  of  the  eye  to  bear  upon  it  directly.     Let  ns  see,  now,  how  far  this  fact 
capable  of  positive  demonstration. 

If  we  examine  the  bottom  of  the  eye  with  the  ophthalmoBcope,  we  can  see  the  yellow^ 
spot  with  the  fovea  centralis,  apparently  free  from  blood-vessels,  and  composed,  as  wt 
know,  chiefly  of  those  elementB  of  the  retina  which  are  sensitive  to  light.  H  at  th« 
same  time,  we  examine  an  image  for  which  the  eye  is  perfectly  a^J^^^^t  it  wQl  b«  i^tn 
that  thh  image  is  perfect  only  at  the  fovea  centralis ;  and,  if  the  object  be  removed  (tvm^ 
the  axis  of  vision,  we  see  a  confused  image  upon  the  retina  removed  from  the  fovea, 
tbe  same  time  that  the  subject  is  conscious  of  indistinct  vision.  In  the  words  of  Hth 
holtz,  ^^  it  is  only  in  the  immediate  vicinity  of  the  ocular  axis  tliat  the  retinal  image  poa 
sesses  entire  distinctness ;  beyond  this,  tbe  contours  are  less  defined.  It  is  in  part  r^r 
this  reason  that  in  general  we  see  difitinctly  in  the  field  of  vision,  only  the  point  tliat  wt 
fix^  All  the  others  are  seen  vaguely.  This  lack  of  distinctness  in  indirect  vision,  ifl 
addition,  depends  also  upon  diminished  sensibility  of  the  retina :  at  a  slight  di&ta.nee 
the  fixed  point,  the  distinctness  of  vision  has  diminished  much  more  than  th«  objective 
distinctness  of  retinal  images/^ 

At  tbu  point  of  penetration  of  the  optic  nerve,  the  retina  is  insensible  to  lunujMHaj 
impressions;   at  least,  its  sensibility  is  here  ^o  obtuse  as  to  be  entirely  inadequate 
the  purposes  of  vision*     This  point  is  callefl  the  punctum  ciecnm ;   and  its  want 
sensibility  was  demonstrated  many  years  ago  (1668J  by  Mariotte.    The  classical  ej 
periment  by  which  this   important  fact  was  positively  ascertained,  which  is  geui^r^j 
ally  known  to  physiologists  as  Mariotte^s  experiment,  is  so  cnrtous  that  we  quote 
verbatim : 

*'  I  fasteuM  on  an  obscure  Wall  about  the  hight  of  my  Eye,  a  small  round  pafie^  t» 
serve  me  for  a  6xed  point  of  Vision ;  and  I  fastened  such  an  other  on  the  side  thereof 
towards  ray  right  hand,  at  the  distance  of  about  2.  foot ;  but  somewhat  lower  than  tlie 
first,  to  the  end  that  it  might  strike  the  Optick  Nerve  of  my  Right  Eye,  whilst  I  kejil  off 
Lett  shut.  Then  1  phic^d  myself  over  against  the  First  paper,  and  drew  back  by  lictii 
and  Utile,  keeping  my  Right  Eye  fixt  and  very  steddy  upon  the  same;  and  being  abant 
10.  foot  disUmt,  the  second  paper  totally  disappeared/* 

In  this  experiment,  the  rays  of  light  from  the  paper  which  has  disappeared  from  vitif 
are  received  upon  the  punctum  cxi^cum,  at  the  point  of  entrance  of  the  optic  nerve.  If 
the  observer  withdraw  himself  still  farther,  the  second  circle  will  reappear,  as  the  raj* 
are  removed  from  the  punctum  caecum.  With  the  ophthalmciscopo,  the  \miil  of  penetn- 
tion  of  the  optic  nerve  may  be  readily  seen  in  the  living  eye.  If  the  image  of  a  ^saat 
be  directed  upon  this  point,  the  sensation  of  light  is  either  not  perceived  or  it  is  Terj 
faint  aud  indefinite,  and  it  is  then  probably  due  to  did'usion  to  other  portions  of  dii* 
retina. 

The  relative  sensibility  of  different  portions  of  the  retina  has  been  accurately  iniJ^^ 
nred  by  Volkmann  and  \xm  been  found  to  be  in  an  inverse  ratio  equal  to  about  the  s«ituin> 
of  the  distance  from  the  axis  of  most  perfect, vision.  This  observer  caJculat'HJ  the  <Ii>- 
tance  between  the  sensitive  elements  of  the  retina  at  which  he  supposed  that  two  \m^ 
allel  linos  would  appear  as  one.  In  tlie  axis  of  vidon,  tbe  distance  was  O'OOOS^'V  ^^*  •* 
a  deviation  inward  of  8°,  it  was  0*03186'',  a  dhninution  of  acuteness  of  more  tJian  a  bno- 
dred  times.     The  following  table  gives  the  results  of  these  ezperiinents: 
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table  illustrates,  with  prreat  exactness^  the  gradual  diminntion  in  the  acateneBs? 
ion  as  the  impreasioiis  sire  uiat!e  farther  and  farther  from  the  vt^aal  axis.  The 
eriTnents  were  matle  npon  the  game  principle  as  that  of  ohs^ervatlons  upon  the  tactile 
tbnsibilitj  of  different  poitiona  of  the  skin  by  testing  the  power  of  di^stinjjnufihiiig  the  two 
poiiit§i  of  the  ie*»thesionieter. 

The  fact  of  the  formation  of  images  npon  the  retina,  whicli  are  exact  only  at  or  imine- 
diately  snrrounding  the  fovea  centralis,  being  settled,  it  remains  to  see  how  these  image* 
are  rendered  perfect^  and  to  study  the  mechanism  of  refraction  by  the  transparent  media 
of  the  eye. 

Mechcoii$m  of  Refraction  in  the  Eye, 

A  Tisible  object  aends  raya  from  every  point  of  its  surface  to  the  cornea.    If  the 

feet  be  near^  the  rays  from  each  and  every  point  are  divergent  as  they  strike  the  eye. 
Rays  from  distant  objecta  are  practically  parallel*  It  is  evident  that  the  refraction  for 
diverging  rays  must  be  greater  than  for  parallel  raym,  as  a  necei«sity  of  distinct  vision ;  in 
otiier  words,  the  eye  must  he  accommoditted  for  visEion  at  different  distance;*.  Leaving, 
however,  the  mecliunifrm  of  accommodation  for  fiiture  consideration,  we  shall  endeavor 
to  show  how  the  rayst  of  light  aa  they  penetrate  the  eye  are  refracted  and  brought  to  a 
focns  at  the  retina. 

The  important  agents  in  refraction  in  the  eye  are  the  anrfaces  of  the  cornea  and  the 
crystalline  lens.  Careful  cidculations  have  shown  that  the  index  of  refraction  of  thi? 
W] neons  humor  h  sensibly  the  jjame  m  that  of  the  substance  of  the  cornea,  so  tljat,  prac- 
tically, the  refraction  is  the  najiie  as  if  the  cornea  and  the  aqueoos  hnmor  were  one  and 
the  same  substance.  The  index  of  refraction  of  the  vitreous  humor  ia  practically  the 
same  bb  that  of  the  aqueous  humor,  both  being  about  equal  to  the  index  of  refraction  of 
pore  water.  Refraction  by  the  crystalline  lenfi^  however,  is  more  complex  in  its  mechnn- 
161X1 ;  depending,  first,  upon  the  curvaturee  of  its  two  surfaces,  and,  again,  upon  the  differ- 
s  in  the  consistence  of  different  portions  of  its  substance.     In  view  of  these  facts, 

may  simplily  the  conditions  of  refraction  in  the  eye  by  assuming  the  following 
arrangement : 

Tfie  cornea  presents  a  convex  surface  upon  which  the  rays  of  light  are  received.  At 
A  certain  distance  behind  its  anterior  border,  is  the  crystalline,  a  double-convex  lens, 
corrected,  suflSciently  for  all  yiractical  purposes,  both  for  spherical  and  chromatic  aberra- 
tion. This  lens  is  practically  suspended  in  a  liquid  with  an  index  of  refraction  equal  to 
that  of  pare  water;  as  both  the  aqueous  humor  in  front  and  the  vitreous  humor  behind 
haT^  the  same  refractive  power.  Behind  the  lens,  in  its  axis  and  exactly  in  the  plane  upon 
which  the  rays  of  light  are  brought  to  a  focus  by  the  miction  of  the  cornea  and  the  lens^ 
is  the  fovea  centralis,  which  is  the  centre  of  distinct  vision.  Tho  anatomical  elements  of 
the  fovea  are  capable  of  receiving  visual  impressions,  which  are  conveyed  to  the  brain 
by  the  optic  nerves.  All  impressions  made  upon  other  portions  of  the  retina  are  com- 
paratively indistinct;  and  the  point  of  entrimce  of  the  optic  nerve  is  insensible  to  light. 
Ina^mach  as  the  punctam  cflQCum  is  situated  in  either  eye  upon  the  nasal  side  of  the  retina. 
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la  normal  Tidion,  rays  from  tbe  same  object  caunot  fall  upon  both  points  at  the  eame 
Thus,  in  binoculur  vision,  the  insensibility  of  the  punctum  ca?emn  does  not  interfere  wii 
sight;  and  the  movementsi  of  the  globt  prevent  any  notable  interfereuee  in  vibion,  evui 
with  one  eye.  The  &clerotie  coat  is  for  tiie  protection  of  its  contents  and  for  the 
tion  of  mnscles.  The  iris  has  an  action  similar  to  that  of  the  diaphra^Tn  in  opticaJ  iasl 
ments»  The  snspenjRiry  ligament  of  thc^  len^,  the  ciliary  body^  and  ihe  ciliary  muscle,  » 
for  tlie  fixation  of  the  lens  and  its  accoinmodatioa  to  distinct  vii?ion  at  different  distance! 
The  choroid  is  a  dark  membrane  for  the  absorption  of  light,  preventing  coofui^ion  of  vii>i 
from  reflection  witliin  the  ©ye. 

Refraction  by  the  cornea  is  effected  simply  by  its  ext<?mal  surface*  The  rays  of  \i\ 
fttjm  a  distant  point  are  deviated  by  its  convexity  so  that,  if  they  were  not  again  rcfmct 
by  the  crystalline  kns,  they  would  be  brought  to  a  focus  at  a  point  situated  about  ^  of 
an  inch  behind  the  retina.  Without  the  crystalline  lens,  therefore,  distinct,  unaided 
vision  is  generaUy  impossible,  altbongh  the  sensation  of  light  is  appreciated.  In  cases  of 
extraction  of  the  lens  for  cataract,  the  crystalline  is  supplied  b)^  a  convex  lens  placed 
before  the  eye. 

The  rays  of  light,  refracted  by  the  anterior  surface  of  the  cornea,  are  received  upon 
the  anterior  surface  of  the  crystalline  lens,  by  which  they  are  still  farther  refracted. 
Passing  through  the  substance  of  the  lens,  they  undergo  certain  modifications  In  pefrnc- 
tion  dependent  upon  the  diflerences  in  the  various  strata  of  the  lens.  These  modifii 
tions  have  not  been  accurately  calculated ;  but  it  is  sufficient  to  state  that  they  contribm 
to  the  accuracy  of  the  formation  of  the  retinal  image  iind  to  the  production  of  an  iniagv 
practically  free  from  chromatic  dispersioti.  As  the  rays  pass  out  of  the  crystalline  lena, 
they  are  again  refracted  by  its  posterior  curvature  and  are  brought  to  a  focus  at  the  area 
of  distinct  vision. 

The  rays  from  all  points  of  an  object  distinctly  seen  are  brought  to  a  focus,  if  th9 
accommodation  of  the  lens  be  correct,  upon  ii  restricted  surface  in  the  macula  lutca ;  bi 
the  rays  from  different  points  cross  each  other  before  they  reach  the  retina,  and  tlit 
image  is  consequently  inverted.     This  is  a  fact  capable  of  actual  demonstration,  u  ir# 
have  shown  in  treating  <»f  the  formation  of  images  in  the  eye* 

Calculating  the  curvatures  of  the  refracting  surfaces  in  the  eye  and  the  indic€«  c^ 
refraction  of  its  transparent  media,  it  has  been  pretty  clearly  shown,  by  matheniatie«l 
formula,  that  the  eye^  viewed  simply  as  an  optical  instrument^  tmd  not  practically,  af  tb* 
organ  of  vision,  presents  a  certain  degree  of  spherical  and  chromatic  aberration;  but  witli 
these  formula  we  have  little  to  do  in  our  purely  physiological  consideration  of  vision. 

In  most  calculations  of  tbe  size  of  images^  the  positions  of  conjugate  foci^  etc.,  in  nor- 
mal and  abnormal  eyes,  a  schematic  eye  reduced  by  Donders,  after  the  example  of  List* 
ing,  is  regarded  as  sufficiently  exact  for  all  practical  purposes.  This  simple  scLeate 
represents  the  eye  as  reduced  to  a  single  refracting  surface,  the  cornea,  and  a  single  liqoii 
assumed  to  have  an  index  of  refraction  e^jual  to  that  of  pure  water.  The  distance  belwoen 
what  are  called  the  two  nodal  points  and  between  the  two  principal  points  of  the  dioptric 
system  of  the  eye  is  so  small,  amotmting  to  hardly  j^  of  an  inch,  that  it  can  be  negl^tcrf. 
In  tlds  simple  eye,  we  assume  a  radius  of  curvature  of  the  cornea  of  about  |^  of  an  inch, 
and  have  a  single  optical  centre  situated  |  of  an  inch  back  of  the  cornea^  the  '^  principil 
point ''  being  in  the  cornea,  at  the  axis  of  vision.  The  posterior  focal  distance,  tlisl  l^ 
the  focus,  at  the  bottom  of  the  eye,  for  rays  that  are  parallel  in  the  air,  is  about  f  ef  flO 
inch.  The  anterior  f.jcal  distance,  that  is,  for  rays  parallel  in  the  vitreous  humor,  is  ftbeci 
I  of  an  inch.  The  nteasurements  in  this  simple  Bchematio  eye  can  be  easily  reroesaberef^ 
and  used  in  calculations. 

Astigmatism* 

We  have  already  alluded  to  an  important  peculiarity  in  the  optical  apparatua;  whit^* 
is  that  the  visual  line  does  not  coincide  exactly  with  the  axis  of  the  eye.     llicrc  \»  ^ 
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ler  normal  deviation  from  mathematical  exactness  in  tUe  refraction  of  rayn  by  the 
iMlCMft  and  the  crystallint.'  lens,  which  is  of  considerable  importance,  if  we  place  before 
Mid  eyes  two  threads  crossing  each  other  at  right  angles  in  the  same  plane,  one  of  these 
threads  beiog  vertical*  and  the  other,  horizontal,  when  the  optical  appiiratui  is  adjusted 
ao  that  one  line  is  seen  with  perfect  distinctness,  the  other  is  not  well  defined.  In  other 
wordH^  when  we  accummodate  for  the  vertical  thready  the  horizuntal  is  indistinct,  and 
rier  t§rm.  If  the  horizontal  line  bo  «een  dlstinetlT,  in  order  to  see  tJie  %*ertical  without 
modifying  the  accommodation,  it  must  be  removed  to  a  greater  distance.  Tins  depends 
chiefly  npon  a  difference  in  the  vertieid  and  the  horizontaJ  curvatures  of  the  cornea,  bo 
that  the  horizontal  meridian  hai»  a  foeu^j  slightly  ditlerent  from  the  focus  of  the  vertical 
meridian,  A  condition  opposite  to  that  observed  in  the  cornea  usually  exists  in  the 
crystalline  lens ;  that  is,  the  dilference  which  exists  between  the  curvatures  of  the  lens 
in  tlie  vertical  and  the  horizontal  meridians  is  such  that  the  deepicst  curvature  in  the  lens 
15  situated  in  the  meridian  of  the  shallowest  curvature  of  the  cornea.  In  this  way,  in 
normal  eyes,  the  aberration  of  the  lens  has  a  tendency  to  correct  the  aberration  in  the 
oornea ;  but  this  correction  is  incomplete,  and  there  still  remaius,  in  all  degrees  of  tension 
of  accommodation,  a  marked  difference  in  the  vision  as  regards  vertical  and  horizontal 
lloes. 

The  condition  JQst  described  is  known  under  the  name  of  normal,  regular  astigmatism ; 
but  the  aberration  is  not  sufficiently  great  to  interfere  with  distinct  vision.  The  degree 
of  reifolar  astigmatism  pre&ents  normd  variations  in  different  eyes.  In  some  %ym  there 
is  so  flfldgmatism  {  but  this  is  rare.  According  to  Bonders,  if  the  astigmatism  amount  to 
^  or  more,  it  is  to  be  considered  abnormal ;  which  simply  means  that,  beyond  this  pointy 
the  aberration  interferes  with  distinct  lision. 

From  the  mere  definition  of  regular  astigmatism,  it  is  evident  that  this  condition  and 

the  degree  to  which  it  exists  may  easily  be  determined  by  noting  the  differences  in  the 

_     foci  for  vertical  and  horizontal  lines,  and  It  may  be  exactly  corrected  by  the  application 

Cpf  cylindrical  glasses  of  proper  curvature.  Indeed,  the  curvature  of  a  cylindrical  glass 
i^bich  will  enable  a  person  to  distinguish  vertical  and  horizuntal  lines  wuth  perfect  dis- 
unctness  at  the  same  time  is  an  exact  indication  of  the  degree  of  aberration.  Regular 
astigmatism,  snch  as  we  have  described,  may  be  so  exaggerated  as  to  interfere  very 
•erioosly  with  vision,  when  it  becomes  abnormal.  This  kind  of  aberration,  however, 
which  is  dependent  upon  an  abnormal  condition  of  the  cornea,  is  remediable  by  tlie 
mt  of  properly-ai^usted  cylindrical  glasses. 
■  Irregular  astigmatism,  excluding  cases  of  pathological  deformation,  opaque  spots,  etc., 
in  the  cornea,  depends  upon  irregularity  in  the  different  sectors  of  the  crystalline  lens. 
Instead  of  a  simple  and  regular  aberration,  coasieting  in  a  difference  between  the  depth 
of  the  vertical  and  the  horizontal  curvatures  of  the  cornea  and  lens,  we  have  irregular 
variations  in  the  curvatures  of  different  sectors  of  the  lens.  As  a  consequence  of  this, 
when  the  irregukrities  are  very  great,  there  is  iuipairment  of  the  sharpness  of  vision. 
The  circles  of  diffusion,  which  are  regular  in  normal  vision,  become  irregularly  radiated, 
and  single  points  appear  multiple,  an  irregularity  described  under  the  name  of  polyopia 
monocularis.  Accurate  observations  have  shown  that  this  condition  exists  to  e  very 
moderate  degree  in  normal  eyes;  but  it  is  so  slight  as  not  to  interfere  with  ordinary  vision. 
In  what  is  called  normal,  irregular  astigmatism,  the  irregularity  depends  entirely  upon 
crystalline  lens.  If  we  place  before  the  eye  a  card  with  a  \*ery  small  opening,  and 
e  this  before  the  lens,  so  that  the  pencil  of  light  falls  succea'^ively  upon  different  sec- 
tors, it  can  be  shown  that  the  focal  distance  is  different  for  different  portions.  The  radi- 
ating lines  of  light  observed  in  looking  at  remote  luminous  points,  as  the  fixed  stars,  are 
produced  by  this  irregnlarity  in  the  curvatures  of  the  different  sectors  of  the  lens. 

While  regular  astigmatism,  both  normal  and  abnormal,  may  be  perfectly  corrected 
by  placing  cylindrical  glasses  before  the  eyes,  it  is  impossible,  in  the  great  minority  of 
cases,  to  construct  glasses  which  will  remedy  the  irregular  form. 
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Movefuents  of  the  Iris, 

The  niovements  of  the  irb  are  sufficiently  simple,  as  well  as  the  pbysiological  0( 
dition»  imder  which  thtjy  tako  place;  nod  it  is  only  when  we  couie  to  study  the  ex 
mechanism  of  the  production  of  these  movements  tbrongh  the  nervous  sy&t«m,  tlmt  th< 
Buhject  becomes  complex,  imd,  to  a  certain  extent,  obscure.    As  regards  the  moTemei 
themselves,  the  simple  facts  are  us  follows : 

Thtire  are  two  phyisiological  conditions  under  which  the  size  of  the  pupU  is  modified^ 
Tlie  first  of  these  depends  upon  the  amount  of  light  to  which  the  eye  is  exposed*    Wh«l^ 
the  ipiantity  of  light  is  small,  the  pupil  is  widely  dilated,  so  as  to  admit  as  much  as  pot- 
flible  to  the  retina.     When  the  eye  is  expot^ed  to  a  bright  light,  the  retina  is  protected  by 
contraction  of  the  iris.    The  mui*cular  action  by  which  tiie  irii*  is  contracted  ii  dianictifr- 
iatic  of  the  smooth  musctdar  tibrei^^  vl&  can  be  readily  seen  by  exposing  an  eye,  in  whid^l 
the  pupil  is  dilated,  to  a  brigiit  light*     Contraction  does  not  take  place  instantly,  hut  miV 
appreciable  interval  elapses  after  the  exposure,  and  a  more  or  less  gradual  diminution  In 
the  size  of  the  pupil  is  observed*     This  is  seen  both  in  solar  and  in  artificial  light.    Th^ 
second  of  these  conditions  depends,  indirectly,  upon  the  voluntary  action  of  muadeit 
We  have  already  seen^  in  connection  with  the  physiology  of  the  third  pair  of  nerves,  th« 
the  effort  of  converging  the  axes  of  the  eyes  by  looking  at  a  very  near  object  contract 
the  pupils.     AVo  shall  see,  also,  that  the  effort  of  accommodation  of  the  eye  for  ne 
ob;fecta  produces  the  same  effect,  even  when  the  eyes  are   not  converged.    Thia  acLiu 
will  be  fully  considered  under  the  head  of  accommodation. 

One  point  relating  to  the  anatomy  of  the  iria  is  of  great  importance  in  connection  in& 
the  physiolog}^  of  its  movejnents ;  and  that  is  the  t|uestiou  of  the  tiistence  of  diJalo 
fibres.    Upon  this  point  there  is  some  dilference  of  opini(»n  ;  but,  as  we  stated  in  treatiofl 
of  the  structure  of  the  eye^  the  weight  of  anatomical  authority  is  decidedly  in  fatvr  ef  J 
the  existence  of  radiating  lib  res. 

Direet  Action  of  Li^jht  upon  the  Iris. — The  variations  in  the  sire  of  the  pupil  iTOi 
different  physiological   conditions  are  effected  almost  exclusively  through  tlie  n 
system,  either  hj  reflex  action  from   variations  in  the  intensity  of  light,  or  bj  a 
influence,  as  in  accommodation  for  distances ;  but  it  is  nevertheless  true  that  the 
lar  tissue  of  the  iris  will  resfiond  directly  to  the  stimulus  of  light    Harless  noted,  in  sob-' 
jects  dead  of  various  diseases,  from  five  to  thirty  hours  after  death,  that  the  iris  cen- 
tracted  under  the  stimulus  of  light;  and  he  justly  remarks  that  this  is  probably  due  W 
diroct.aclion  upf>n  its  muscular  tissue,  and  that  it  is  not  reflex,  for  the  reason  that  tl4 
irritabihty  of  the  nerves  in  warm-blooded  animals  disappears  certidnly  in  twenty  lu*ori 
after  death.     The  experiments  of  Harless  were  made  upon   the  two  eyes,  one  heini 
exp»08ed  to  the  light,  while  the  other  was  closed.     The  contraction,  however,  took  pja« 
very  slowly,  requiring  an  exposure  of  several  hours.     This  mode  of  contraction  u»  vtrr 
different  from  the  action  of  the  iris  during  life,  but  it  is  precisely  like  the  contractioa 
observed  after  division  of  the  motor  oculi  communis,  which  is  slow  and  gradual  anil 
undoubtedly  depends  upon  the  direct  action  of  light  upon  the  muscular  fibres^ 

Action  of  (he  Nrrvovs  Sijtittm  upon  the  IrU. — This  subject,  as  far  as  it  rolnu-*  t'*'v;. 
third  pair,  has  lieen  pretty  fully  considered  in  connection  with  the  physioU»gy  of  fhm 
nerves ;  and  it  is  unnecessary  to  refer  again  in  detail  to  the  experiments  which  hivr 
already  been  cited.  The  reflex  phenomena  observed  are  sutficiently  distinct,  Wlico  M* 
is  admitted  to  the  retina,  the  pupil  contracts,  and  the  same  result  follows  iaeelrnnifjJ 
irritation  of  the  optic  nerves.  Wfien  the  third  pair  of  nerves  has  hewn  divided,  no  sorli 
reflex  phenomena  are  observed.  It  is  well  known,  also,  that  division  of  the  thirt!  nerve* 
in  the  lower  animals  or  their  paralysis  in  the  humim  subject  produces  permanent  ilila^* 
tion  of  thi?  pupil,  the  iris  responding,  onl/  in  the  slow  and  gradual  manner  already  Id<^' 
Gated,  to  the  direct  action  of  light 
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Taking  all  the  experimental  faeu  into  consideration,  it  is  certain  that  the  third  nerve 
has  uii  inipurtant  influence  upon  the  iris«  Filaments  from  the  ophthalmic  ganglion  auiuiato 
the  circular  fibres,  or  sphincter^  and  these  filaments  derive  their  power  from  the  third 
cranial  nerve.  If  this  nerve  be  divided,  the  iris  becomes  jiermanently  dilated  and  is  im- 
movable,  except  that  it  responds  very  slowly  to  the  direct  action  of  light.  The  rcBeic 
notion  by  which  the  pnpil  is  contracted  under  the  8timulos  of  light  operates  through  the 
third  nerve,  and  no  such  action  can  take  place  after  tliis  nerve  has  been  divided.  In  vi^w 
of  these  facts,  there  can  be  no  doubt  with  regard  to  tlie  nervous  action  upon  the  sphincter 
of  the  pnpiK  this  muscle  being  animated  exclas^ively  by^  filaments  from  the  motor  oeuli 
comnmnis,  coming  through  tlie  ophthalmic  ganglion* 

We  admit,  with  most  modem  anatomists,  the  existence  of  radiating  muscular  fibres  in 
ll)e  iris,  the  action  of  which  is  antagonistic  to  the  circular  fibres,  and  which  dilate  the 
ptipil.  That  these  fibres  are  sulycfted  to  nervous  influence  is  rendered  certain  by  experi- 
ments upon  the  sj^m pathetic  system. 

The  effects  of  division  of  tlie  sympathetic  in  the  neck  have  been  treated  of  fuDy  in 
©onncction  with  the  general  functions  of  these  nerves.  It  will  be  sufficient  for  our  present 
pnrposes  to  state,  in  a  general  way,  the  influence  of  these  nerves  upon  the  movements  of 
the  iris.  There  can  be  no  doubt  that  the  action  of  the  sympathetic  upon  the  pupil  is 
Mteeilf  antagonistic  to  that  of  the  third  pair,  the  former  presiding  over  the  radiating,  or 

tting  muscular  fibres;  and  the  only  i|Uestion  to  determine  is  the  course  taken  by  the 
iympatheiic  filaments  to  the  iris.  Experiments  on  the  influence  of  the  fifth  pair  \i\mn  the 
pupil  have  been  somewhat  contradictory  in  ditTerent  animals.     In  rabbits,  section  of  this 

've  in  the  cranial  cavity  produces  contraction  of  the  pupil ;  but  in  dogs  and  rats  the 

\e  operation  produces  dilatation.  In  the  human  subject,  of  course^  it  is  inifHj^yible  lo 
determine  this  point  by  direct  experiment;  and  tlie  varying  results  obtained  in  observa- 
tions upon  different  animals  probably  depend  upon  differences  in  the  anatomical  relations 
of  the  nerves.  It  is  probable,  however,  that  the  filaments  of  the  sympathetic  which  ani- 
mate the  dilator  fibres  join  the  fifth  nerve  near  the  ganglion  of  Gasscr  and  from  this 
nerve  pa!»s  to  the  iris. 

There  seem  to  be  two  distinct  nerve-centres  corresponding  to  the  two  sets  of  nerves 
which  regulate  the  movements  of  the  iris.  One  of  those  centres  presides  over  the  reflex 
contractions  of  the  iris,  and  the  other  is  the  centre  of  origin  of  the  nervous  influence 
through  which  the  pupil  is  dilated. 

The  mechanism  of  refiex  contraction  of  the  iris  under  the  stimulos  of  light  is  sufH- 
cientlj  simple.  An  impression  is  made  upon  the  retina,  which  is  conveyed  by  the  optic 
nervea  to  the  centre  of  vision,  and,  in  obedience  to  this  impression,  the  sjihincter  of  the 
iris  contrarts.  If  the  optic  nerves  be  divided,  so  that  the  impression  cannot  be  conveyed 
to  the  centre,  or  if  we  divide  the  third  pair,  through  which  the  motor  stimulus  is  con- 
veyed to  the  muscuhir  fibres,  no  movements  of  the  iris  can  take  place.  The  centres 
which  preside  over  these  reflex  phenomena  are  situated  in  the  tubercula  quadrigemina* 
In  the  remarkable  experiments  of  Flourens  upon  the  encephalic  centres,  it  was  *hown 
that  the  iris  loses  its  mobility  after  destruction  of  the  tubercula.  This  fact  has  been 
repeatedly  confirmed  by  later  experimenters.  In  birds,  in  which  tlie  decussation  of  the 
optic  nerves  is  complete,  this  action  is  crossed,  destruction  of  the  tubercle  upon  one  side 
producing  immobiJity  of  tiie  iria  upon  the  opposite  aide ;  but  in  man,  where  the  anatomi- 
ilAal  relations  of  the  optic  nerves  upou  the  two  sides  are  more  complex,  the  crossed  action 
probnldy  not  so  complete.  In  man,  the  axes  of  both  eyes  are  habitually  brought 
ta  bear  upon  objects,  and  it  is  well  known  that  there  is  a  physiological  unity  in  the 
actioQ  of  the  two  eyes  in  ordinary  vision.  We  also  observe  that,  when  one  eyx*  only 
U  exposed  to  light,  the  pupil  becoming  contracted  under  this  stimulus,  the  pupil  of 
the  other  eye  also  contracts.  There  is,  indeed,  a  direct  contraction  and  dilfltatioD 
of  the  pupil  of  the  eye  which  is  exposed  to  the  light,  and  an  indirect,  or  '^  consen- 
iiul  '*  movement  of  the  iris  upon  the  opposite  side.    The  consensnal  contraction  occurs 
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about  {  of  a  second  later  than  the  direct  action,  luid  the  coneensiuil  diktation,  Aboot  j 
of  ft  second  later,     (Drmdcre.) 

Budge  and  Waller  have  shown  that  the  filaments  of  the  sympathetic  which  produ 
dilatation  of  the  pupil  take  their  origin  from  the  spinal  cord.    In  the  spinal  cord,  betw« 
the  sixth  cervical  and  the  second  thoracic  nerve^j  is  situated  the  inferior  cilio-fipiu 
centre.     When  the  spinal  cord  is  stimulated  in  this  situation,  both  pupils  becotue  dilati 
If  the  cord  be  divided  longitudinally  and  the  two  halves  be  separated  from  each  other  1 
ft  glaes  plate,  stimulation  of  the  right  half  produces  dilatation  of  the  right  pup'd^  and  rid 
versa.    This  does  not  occur  when  the  sympathetic  in  the  neck  has  been  divided* 
addition  to  the  inferior  cilio-epinal  centre^  there  is  a  superior  centre,  which  is  in  con 
mnnication  with  the  superior  cervical  ganglion  and  is  situated  near  the  sublingual  ner 
The  influence  of  this  centre  over  the  pupil  cannot  be  demouiitrated  by  direct  stimulatio 
because  it  is  too  near  the  origin  of  the  fifth,  irritation  of  which  has  an  uitluence  over  tli 
iris;  but  it  i»  shown  by  divi<4ion  of  its  filaments  of  communication  with  the  iris. 

Section  and  galvanization  of  the  ditferent  nerves  which  regulate  the  movements  of  til 
iris  have  a  certain  influence  upon  its  vascularity ;  and,  indeed,  it  has  been  thought  1 
contraction  is  in  a  measure  due  to  congestion  of  its  vessels,  and  dilatation,  to  an  opp 
condition.  This  view  is  adojited  by  some  of  those  who  deny  the  existence  of  tbf 
ating  muscular  fibres  of  tlie  iris.  Assuming  that  the  size  of  the  pupil  ig^  to 
extent,  affected  by  the  condition  of  the  vessels,  it  is  evident  that  the  more  extensive  move 
nients  of  the  iris  are  due  miiirdy  to  niuscular  action.  It  has  been  also  shown  tliat  tlj 
changes  in  the  iris  produced  by  injection  of  its  vesaels  are  not  to  be  compared  in  th© 
extent  with  it«  physiological  movements.  The  changes  in  vascularity  produced  by  divid 
ing  or  galvanizing  the  sympathetic  do  not  differ  from  the  phenomena  noted  in  ejs^a 
menta  npon  other  portions  of  the  sympathetic  system. 


Accommodation  of  the  Eye  to  Vimon  at  Different  Distances^ 

The  mechanism  by  which  the  eye  is  adyusted  for  distinct  vision  at  different  distaacfi 
is  one  of  the  most  interesting  and  important  points  connected  with  the  physiology  of  th« 
sight.  At  the  present  day,  this  point  may  be  regarded  as  definitely  settled,  particolarlj  i 
since  the  variations  in  the  thickness  and  the  curvatures  of  the  crystalline  lens  havt  btnir 
so  accurately  measured  liy  llelmholtz.  We  fthall  have  little  to  aay  with  regard  to  th* 
various  theories  of  accommodation  advanced  by  the  older  physiologists,  except  to  indicAtf, 
in  a  very  generiU  way,  the  moat  plausible  views  that  have  been  adopted  from  time  to  time 
by  physiologica]  writers.  In  the  first  place,  we  shall  note  certain  physical  laws  and  tJidr 
application  to  the  eye,  which  show  the  necessity  for  accommodation. 

Supposing  the  eye  to  be  adapted  to  vision  at  an  infinite  distance,  in  which  the  nj'» 
from  an  object,  as  they  strike  the  cornea,  are  practically  parallel,  it  is  evident  that  tin 
foci  of  the  rays,  as  they  form  a  distinct  image  upon  the  retina,  are  all  situated  at  tW 
proper  plnne.  Under  these  conditions,  in  a  perfectly  normal  eye,  the  image,  appreciit«'l 
by  the  individual  or  seen  by  means  of  the  ophthalmoscope,  is  perfectly  clear  and  distimt 
If  the  foci  be  situated  in  front  of  the  retina,  the  rays,  instead  of  coming  to  a  focus  opoo  * 
point  in  the  retina,  will  crr>ss,  and,  from  their  diffusion  or  dispersion,  will  produce  iodiv 
tinct  vision.  Under  these  circumstances,  a  distinct  point  is  not  perceived,  but  everv  poiflt 
in  the  image  is  surronnded  by  an  indistinct  circle.  These  are  called  *'  circles  of  diffusicrti*" 
If,  now,  the  eye,  udjusted  for  vision  at  an  infinite  distance,  be  brought  tu  bear  updo  ■ 
near  object,  the  rays  from  which  are  divergent  as  they  strike  the  cornea,  the  image  *'ill 
be  no  longer  distinct,  but  will  be  obscured  by  circles  of  diffusion.  It  is  the  at^ustment  1*T 
which  these  circles  of  diffusion  are  removed  that  constitutes  accommodation.  This  6*i 
has  been  demonstrated  by  Ilelraboltz  by  means  of  the  ophthalmosoope.  **  If  the  eye** 
adjusted  to  the  observation  of  an  object  placed  at  a  certain  distance,  it  is  foond  that  tite 
image  of  a  flame,  placed  at  the  same  distance,  is  produced  with  perfect  distmctne^s  BpflO 
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the  fetioa,  and,  at  the  same  time,  tipon  the  illuminated  plane  of  the  image^  the  TesseU  aod 
the  other  anatomical  details  of  the  retiiui  are  seen  with  equal  distinctness.  But,  when 
Uie  liamo  \s  brought  considerably  nearer,  its  image  becomes  confused,  while  the  details 
«f  the  structure  of  the  retina  remain  perfectly  distinct.** 

It  h  evident  that  there  ia  a  certaio  condition  of  the  eyes  adapted  to  vision  at  an  infi- 
nite  distnnce,  and  that,  for  the  distinct  perception  of  near  objects,  the  transparent  media 
iinust  be  »o  altered  in  their  arrao^ement  or  in  the  curvatures  of  their  surfac*?!*,  that  the 
p^efVaction  will  be  greater ;  for,  without  this,  the  rays  would  be  brought  to  a  focus  be- 
yond the  retina. 

The  changes  in  the  eye  by  which  accomnnodfltiou  is  efieeted  are  now  known  to  con- 
■ist  mainly  in  an  increased  convexity  of  the  lens  for  near  objects;  and  the  only  points  in 
'idisputo  are  a  few  unimportant  detailiJ  in  the  mecJianism  of  this  action.  The  simple  facts 
to  be  borne  in  mind  in  studying  this  question  are  the  following : 

VV'hen  the  eye  is  accommodated  to  vision  at  an  infinite  distance,  the  parts  are  passive^ 

In  the  adjustment  of  the  eye  for  near  objects,  the  cunvexities  of  the  lens  are  increased 
by  muscular  action. 

In  accommodation  for  near  objects,  the  pupil  is  contracted ;  but  this  action  is  merely 
acce#^ory  and  is  not  essential. 

T)ie  ordinary  range  of  accommodation  varies  between  a  distance  of  about  dve  inches 
and  infinity. 

Change*  in  ths  CryitalUne  Lena  in  Accommodation. — It  is  important  to  determine 
first  the  extent  and  nature  of  the  changes  of  the  lens  in  accommixlation  ;  and,  by  the 
ingenious  experiments  of  the  Gennan  ph>  siologist!*T  partieuhirly  iliose  of  llelmlioltz, 
these  changes  have  been  accurately  measured  in  the  living  subject.  As  the  general  result 
of  these  meaauremeuts,  it  was  ascertained  that  the  lens  becomes  increased  in  thickness 
in  accommodation  for  near  fdgects,  chiefly  l>y  an  increase  in  its  anterior  curvature,  by 
which  this  surface  of  the  lens  is  made  to  project  toward  the  cornea.  As  the  iris  is  in 
contact  with  the  anterior  surface  of  the  lens,  this  membrauo  is  made  to  project  in  the  act 
of  accommodation.  The  posterior  curvature  of  the  lens  is  also  increased,  but  this  is  slight 
m  compared  with  the  increase  of  the  curvature  of  its  anterior  surface.  The  distance 
between  the  posterior  surface  of  the  lens  and  the  cornea  is  not  sensibly  altered.  It  is 
unnecessary  to  describe  minutely  the  methods  employed  in  making  these  calculations, 
and  it  is  sufficient  for  our  purposes  to  state  that  it  is  done  by  accurately  measuring  tlie 
comparative  size  of  images  formed  by  reflection  from  the  anterior  surface  of  the  lens. 
The  results  obtained  by  HelmholtE  in  observations  upon  three  different  persons  are  as 
follows : 


^nooft  «xaoilo«d. 


O.H. 
B.  P. 
J.  H, 


B«dlas  of  etuTKture  of  the  &ot«rtor 
of  the  Wuh, 


Distant  vtsloo. 


DU^I«osiD«lit  at  tbff  papll  tn  AccoaMnodntton 
fbr  DfiAT  objects. 


Keir  tUIod. 


0*4641  of  an  bcb. 
0'3482         " 


0*8854  of  an  mch, 
0-2701         ** 


MHO  of  an  inch. 
0-0172 


The  mechanism  of  the  changes  in  the  thicltness  and  in  the  curvatures  of  the  lens  in 
accommodation  can  only  be  understood  Vjv  keeping  clearly  in  mind  the  ph^'^sical  proper- 
ties of  the  lens  itself  and  its  anatomical  relations.  In  situ,  in  what  has  been  called  the 
Indolent  stat^  of  the  eye,  the  lens  is  adjusted  to  vision  at  an  infinite  distance  and  is  flat- 
tened by  the  tension  of  ita  snspensory  ligament.  After  death,  indeed,  it  is  is  easy  to  pro- 
duce changes  in  its  form  by  applying  traction  to  the  zone  of  Zinn.    If  we  remember. 
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TkOWj  the  exact  relations  of  tlie  suspensorj  ligameDt^  tlie  ciliary  muscle^  and  the  \en^,  and 
keep  in  luind  the  tension  within  the  glohe,  it  is  evident  that,  when  the  ciliarj  mnsi'Ki  is  in 
repose,  the  capsule  will  oompre&s  the  lens,  increasing  its  diameter  and  diminlsbinK  iU 
convexity.  It  U  in  this  condition  that  the  eye  is  adapted  to  vision  at  an  iniinite  distance. 
It  is  evident,  also,  that  very  i^light  changes  in  the  convexity  of  the  lens  will  be  sufficivnl 
for  the  range  of  accommodation  required.  If  we  fix  with  the  eye  any  near  object  we  are 
conscious  of  an  effort,  and  the  prolonged  vision  of  near  objects  produces  a  sense  of  fatigue* 
This  may  be  illustrated  by  the  very  familiar  experiment  of  looking  at  a  distant  object 
through  a  gauze.  AYhen  the  object  is  seen  distinctly,  the  gauze  is  scarcely  pereei%'ed;^ 
but  by  an  effort  we  can  bring  the  eye  to  see  the  meshes  of  tbe  gauze  distinctly,  when  the 
impression  of  the  distant  object  is  either  lost  or  becomes  very  indistinct. 

Our  knowledge  of  the  action  of  the  ciliary  muscle  is  only  to  be  arrived  at  theoretically:, 
and  by  studying  the  effects  produced  upon  the  lens.  This  muscle,  it  will  be  remembertd, 
arises  from  the  circular  line  of  junction  of  the  cornea  and  sclerotic,  which  is  imdoubtedly 
its  fixed  point,  passes  backward,  and  is  lost  in  the  tissue  of  the  choroid,  extending  as  ftr 
back  as  the  anterior  border  uf  the  retina.  Most  of  the  fibres  pass  directly  backward,  bat 
some  become  circular  or  spiral.  When  this  muscle  contracts,  the  choroid  is  drawn  for- 
ward, with,  probably,  a  slightly  spiral  motion  of  the  lens,  the  contents  of  tbe  globe  sita* 
ated  posterior  to  the  lens  are  compressed,  and  the  sufipensory  ligament  is  relaxed.  Th« 
lens  itself,  the  compressing  and  flattening  action  of  the  suspensory  ligament  being  diniia* 
ished,  bticomesi  thicker  and  more  convex,  by  virtue  of  its  own  elasticity,  in  the  *ame  way 
that  it  becomes  thicker  after  death  when  the  tension  of  the  ligament  is  artiBcially  dintis'- 
ialiedi 


I 


TlU  left  Mde  <M 
■bows  tbi'  ' 
m4*tit  of  the  Uua  tMii»K'<iatiuU^  t«£kA«-i>L 


This  is.  in  brief,  the  mechanism  of  accommodation.     Near  objects  arc  tlj 

by  a  voluntary  contraction  of  the  ciliary  muscle,  the  action  of  which  is  :i     ,  tlw 

retjuirements  of  vision  with  exquisite  nicety.  In  early  life,  the  lens  is  soft  and  vbwtic, 
and  the  aocommodating  power  is  at  its  maximum ;  bat  in  old  age  the  lens  bcHX)me*  flat* 
tened,  harder,  and  less  elastic,  and  the  power  of  accommodation  is  necessarily  diiniuiahed. 

C%onffu  in  the  Iris  in  Ateommadatwn, — Tlie  size  of  the  popil  is  aenably  dimmUtied 
in  accommodation  of  tbe  eye  for  near  objects.  Ahhoush  tlie  movements  of  the  iris  m 
directly  associated  with  the  muscular  effort  by  whirli  the  form  of  the  len*  i*  imidlficJ, 
the  contraction  of  the  pupil  is  not  one  of  the  e«i«k'ntial  conditions  of  a*  i'>n. 

Helmholtz  cites  a  case  in  which  the  iris  was  completely  paralyzed,  the  po\^  ►m* 

Tuodjttion  remaining?  perfect;  and  he  mentions  another  oase»  reported  by  Von  Uraelc*,  in 
which  accommodation  was  not  disturbed  after  loss  of  the  entire  iris. 

"We  have  already  noted  the  fact  that  the  pupil  contracts  when  the  eyes  are  inail*  t* 
4joiiTerge  by  the  action  of  the  muscles  animated  by  the  t"hird  pair  of  nerves ;  and  It  1*»t»- 
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dent  that  convcrgeaco  of  the  eyes  always  occurs  in  looking  at  very  near  objects.  It 
becomes  a  qiiestiou,  then,  whether  the  contractioa  of  the  pupil  in  aceonimodutiau  for  near 
objects  be  associated  with  the  action  of  the  third  nerves,  or  with  filaments  from  tho 
ophthftlmtc  ganglion,  which  snpphoa  the  nervous  influence  to  the  ciliary  mosclo.  This 
•eeras  to  have  hoen  detinitively  settled  hy  Bonders,  who  demonstrated  two  important 
points:  Firt<t,  that  Incroaaed  eonverj?i>ncc  «>f  the  visual  lines  without  change  of  iRicommo- 
dation  moJccs  the  pnpil  contract,  an  is  easily  proven  hy  simple  experiments  with  prismatic 
glas&vs.  Second,  that  when  accommodation  is  effected  without  converging  the  visual 
ftxeft,  ^'each  stronger  tenf>ion  is  combined  with  contraction  of  the  pnpih" 

The  action  of  the  iris^  as  is  evident  from  the  facts  just  stated^  is  to  a  certain  extent 
under  the  control  of  the  will ;  but  it  cannot  bo  disaijsooiatetl,  first,  from  the  voluntary 
action  of  the  muscles  which  converge  the  visual  axes,  and  second,  from  the  action  of  the 
ciliary  muscle.  Donders  states  that,  hy  alternating  the  acoommodutiun  for  a  remote  and 
a  near  object,  he  couhl  voluntarily  contract  and  dilate  the  pupil  more  than  thirty  times 
in  the  minute*  Brown-Seqnard,  in  discussing  the  voluntary  movementj*  of  the  iris,  men- 
tiona  a  ca«e  in  whicli  "the  pufiil  could  be  contracted  or  dilated  without  changing  the 
position  of  tlie  eye  or  making  an  effort  of  adaptation  for  a  long  or  a  short  distance/' 
As  ii  farther  evidence  of  tho  connection  of  accommodation  with  muscular  action^  cases 
arc  cited  in  works  on  oplithnlmology,  in  wliieh  there  is  paralysis  of  the  ciliary  mus- 
cle as  well  as  cases  in  whieli  the  act  of  accommodation  is  painful, 

An  interesting  phenomenon  connecte<l  with  accommodatinn  is  observed  in  looking  at 
a  near  rd»ject  through  a  very  small  orifice^  like  a  piuhtde*  The  shortest  distance  at 
which  we  can  see  a  small  object  distinctly  is  about  five  inches;  but^  if  we  look  at  the 
same  object  through  a  pinhole  in  a  card,  it  can  be  seen  distinctly  at  the  distance  of  about 
cae  inch,  and  it  then  appears  considerahly  magnified^  In  this  experiment,  the  card  senses 
as  a  diaphragm  with  a  very  small  opening,  so  that  the  centre  of  the  lens  only  is  used ; 
and  the  apparent  increase  in  the  size  of  the  object  is  probably  due  to  tho  fact  that  its  dis- 
tance from  the  eye  is  many  times  leas  ihtm  tho  distance  at  which  distinct  vision  is  possible 
under  ordinary  conditions.  It  is  well  known  that  myopic  persons,  by  being  able  t-o  bring 
tho  eye  nearer  to  objects  than  is  possible  in  ordinary  vision,  can  aee  roinnte  details  with 
extraordinary  distinctness. 

Erect  Impremons  produced  hy  Images  inverted  upon  me  JRetina, 

If  we  have  become  thoroughly  acquainted  with  the  mcchaniem  of  the  formation  of 
imag^  upon  the  retina  and  the  |»bysiological  action  of  the  different  parts  of  the  optieal 
apparatus^  it  will  he  sufficient  to  note  tlie  action  of  both  eyes,  as  contrasted  with  the 
action  of  one,  in  normal  vision,  without  discussing  fully  the  multitude  of  curious  observa- 
tions mmlo  ^"ith  the  stereoscope ;  and  we  can  readily  comprehend  the  action  of  muscles  by 
which  the  axis  of  vision  IS  directed  toward  different  objects,  without  entering  into  a  discus- 
sion of  abstmse  mathematical  calculations  with  regard  to  the  exact  centre  of  rotation,  the 
law  of  tonsions,  and  other  points  connected  with  physiological  optics.  Tliese  are  ques- 
tions, however,  nf  great  interest  to  ophthalmologists  and  are  ftdly  discussed  in  elaborato 
[  treatises. 
Ife  shall  allude  briefly,  in  this  connection,  to  a  question  which  has  long  engaged  the 
ention  of  physiologists,  and  one  which,  we  cannot  but  think,  has  been  made  the  suh- 
of  much  uuprofitJible  speculation.  It  is  a  matter  of  fjositive  demonstration  that  the 
imag«*i  of  objects  seen  are  inverted  as  they  appear  npon  the  retina.  Why  is  it,  howeTcr, 
that  objects  are  appreciated  as  erect,  when  their  images  are  thus  inverted  f  With  a 
knowledge  of  the  fact  that  the  appreciatifin  of  impressions  made  upon  the  nerves  of 
ipeciat  sense  is  capable  of  ediicattnn  and  is  corrected  by  experience,  it  seems  hardly 
ikeoMMLry  to  enter  into  an  elaborate  discussion  of  this  point.  We  appreciate  with  acca- 
racy  the  density  of  objects,  the  direction  of  sounds,  differences  in  musical  tones,  the 
U 
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taste  of  sapid  substances,  odors,  etc.,  as  the  result,  to  a  great  degree,  of  edncnticnu 
the  same  way,  probubly,  we  noqaire  the  power  of  noting  tUe  position  of  ubje€t«  in  visitm; 
but  even  this  supposition  is  not  necessary  to  explain  tbe  pbenomenon  of  direct  vision  by 
means  of  inverted  images.  Tbe  following  pfiragraph,  (jiioted  from  Girttad-Teub>n»  is  • 
simple  expression  of  facts  and  shows  the  absurdity  of  the  elaborate  Uieoretical  explani 
tions  made  by  miiny  of  tbe  etirlier  writers : 

'*  If  tbo  objects  seen  mark  their  image  upon  the  retina,  each  one  in  a  proper  second 
ary  axis;  if,  on  the  other  hand,  the  retina  appreciatea  these,  intlrptndfntl^  (^f  onrstlrti 
in  those  same  secondary  axef^,  which  all  cross  at  the  same  point,  it  is  evident  that 
exact  or  treet  sensation,  as  well  as  tlie  object  which  prodacea  it,  should  necessarily  corn 
spond  to  an  inverted  or  reversed  image.  Rut  it  is  neither  habit,  education^  nor  infor 
tion  derivcHl  from  the  sense  of  touchy  thai  enables  ns,  as  it  is  said,  to  sre  objects  tr\ 
by  means  of  repened  imager.  The  retina  sees  or  localizes  objects  where  ther  ai'e ;  iliAt  i 
what  we  cull  *  erect, ^     If  the  picture*  be  reversed,  it  is  a  mere  matter  of  tr^ 

In  discussing  the  snme  question,  Tlelmboltz  t^ays  that  *'ouruntnral  »_'  tss  i 

completely  ignorant  even  of  the  existence  of  the  retina  and  of  the  fomvation  oi 
liow  should  it  know  any  thing  uf  tlie  posltiuu  of  images  formed  ufx^n  it?^* 


Buwatlar  Yiston, 

We  have  thus  far  considered  the  mechanism  of  the  eye  and  its  action  as  an  optical  in* 
ment,  in  simple^  or  monocular  vision.    It  is  evident,  however,  that  we  habitually  iiso  I'OtJiJ 
eyes,  and  thrtt  their  axes  are  practically  piirallel  in  looking  at  distant  objects  and  arv  ecu 
verged  when  objects  are  approached  to  the  nearest  point  at  which  wo  have  distinct  vi*i« 
In  fact,  an  image  is  formed  simultaneously  upon  the  retina  of  each  eye*  but  it  is  nev« 
less  appreciated  as  a  unit     If  the  axis  of  one  eye  be  slightly  deviated  by  pressnre  upwil 
the  globe,  so  that  the  images  are  not  formed  tipon  corresponding  points  upun  the  rcti 
of  each  eye,  our  \nsion  is  more  or  less  indistinct  and  is  double.     In  strabismus,  when  tlikj 
condition  is  recent^  temporary,  or  periodical,  as  in  recent  cases  of  paralysis  of  the  ^Jttc^] 
nal  rectus  muscle,  when  both  eyes  are  normal,  there  is  double  vision.     When  tlu'  strabti 
mus  is  permanent  and  h.'is  existed  for  a  long  time,  double  vision  may  not  be  obserrc^l 
unless  the  subject  direct  the  attention  strongly  to  this  point.     As  it  is  usual,  in  lafli] 
oases,  for  one  eye 'to  be  much  superior  to  tbe  other  in  acuteness  of  vLtion*  an  objt<i  i* 
fixed  with  the  better  eye,  and  its  image  is  formed  upon  the  fovea.     The  image  foruitd 
upon  the  retina  of  the  other  eye  is  indistinct,  and  in  many  instances  it  id  habituidlydijtre- 
garded ;  s^o  that,  practically,  the  subject  nse^  hut  one  eye,  and   presents  the  err*>ff  nf 
appreciation  which  attend  monocnlar  vision,  such  as  a  want  of  accurate  estimation  t^ 
tbo  solidity  and  distance  of  objects.     It  is  stated  as  the  rule  tiint,  when  strahisniu* of 
long  standing  is  remedied,  as  far  as  the  axes  of  the  eye*  are  concerned,  by  an  opemliofl. 
binocular  vision  is  not  restored  \  but  the  experiments  necessary  to  the  accurate  dd^mi*- 
nation  of  this  point  are  exceedingly  delicate  and  most  be  made  with  great  core.    Tbiii* 
cvplained  upon  the  .supposition  that  the  functional  power  of  the  retina  of  the  affpclrf 
eye  has  been  gradually  and  irrecoverably  lost  from  disuse.     In  normal  binoeuhir  viiiotv 
the  images  are  formed  upon  the  fovea  centralis  of  each  eye ;  that  is,  npon  corrctfpoodisf 
points,  which  are,  for  each  eye,  the  centres  of  distinct  vision. 

It  is  hardly  necessary  to  speculate  with  regard  to  the  reason  why  two  imag<^^  ow 
npon  each  retina,  convey  the  impression  of  a  single  object.  We  api)reciat<*  a  ipound  witb 
both  ears;  the  impression  of  a  single  object  is  receive*!  by  the  sens<:>ry  nerves  of  two  «* 
more  fingers ;  the  olfactory  nerves  upon  the  two  sides  are  simultaneously  ronceroed  to 
olfaction ;  and,  in  the  same  way,  when  wo  look  at  a  single  object  with  both  eyr«,tfc* 
brain  appreciates  a  single  image.  Wo  shall  see,  however,  that  the  concurrence  of  both 
eyes  is  necessary  to  the  exact  appreciation  of  distance  and  form  ;  and,  when  the  two  iini^ 
are  formed  upon  corresponding  points,  the  brain  receives  a  correct  imprension  of  a  iio|l^ 
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object.  When  onr  viaioxi  U  perfectly  Dormul^  the  sensation  of  the  sittrntloii  of  any  single 
object  19  reffifred  to  one  and  thc^  ^Atne  point;  and  we  cannot  receive  the  impre&sion  of  a 
jioulde  imiige  naless  the  conditioDa  of  viislon  be  libnonnaL 

M 

Corrtnp^Hding  Points, — While  it  requires  no  argument,  after  the  stiitements  we  Imre 
just  made,  to  shuw  that  an  image  must  be  formed  upon  the  fovea  of  each  eye  in  order 
tn  produce  the  eflect  of  w  single  object^  it  becomes  important  to  iiscertain  how  far  it  Is 
aeeessary  that  the  correspondeneo  of  points  be  curried  out  in  the  retina.  Thiy  leads  to 
eoD8idcrat1ons  of  very  great  interest  and  importance.  It  is  almost  eertain  that,  for  abso* 
lately  perfect,  single  vision  with  the  two  eyes,  the  impressions  must  be  made  upon  ex- 
actly corre>jpoodin*ic  points,  even  to  the  ultimate  sensitive  elements  of  the  retina.  W© 
may  «uppai*e,  indeed,  that  each  rod  and  each  cone  of  one  eye  tias  its  corresponding  rod 
and  cone  in  the  other*  sitnnted  at  exactly  the  same  distance  in  corvespou<liug  directions 
from  the  visual  axis.  When  the  two  imajres  of  nn  object  are  formed  upon  thcso  correspond- 
ing points,  they  appear  as  one;  but^  when  the  images  do  not  corresjiond,  the  impression 
is  as  though  the  images  were  formed  upon  ditierent  points  in  one  retlua^  and,  of  neces- 
sity, Ihey  appear  double. 

The  etTect  of  a  tiHght  deviation  fVom  the  corre-sponding  point*  may  be  illustrated  by 
th©  following  experiment :  We  fix  a  smaU  obiect,  like  a  lead-pencil,  held  at  a  distance  of 
a  few  inches,  with  the  eyes,  and  see  it  distinctly  as  a  s'mgle  object ;  we  hold  in  thv  same 
Itnev  a  few  inches  farther  removed,  another  small  object ;  when  the  first  is  seen  distinctly, 
Uie  »oc«>nd  appears  double  ;  wc  tix  the  second  with  the  eyes,  and  the  first  appears  double. 
It  is  evident  here,  that,  when  the  axes  of  the  eyes  bear  upon  one  of  theso  objects,  the 
image)!  of  the  otlier  mu&t  be  formed  at  a  certain  distance  from  the  corres[>onding  retinal 
points. 

Th4t  nonypter, — The  above-mentioned  experiment  enables  ds  to  understand  the  sitna- 
tion  of  the  horopter.  If  we  tix  both  eyes  upon  any  object  directly  in  front  and  keep 
them  in  this  position,  a  similar  object  moved  to  one  side  or  the  other,  within  a  certain 
area,  may  be  seen  without  any  change  in  the  direction  of  the  axis  of  vision ;  hut  the  dis- 
tance frrim  the  eye  at  which  we  have  single  vision  of  this  second  object  is  fixeih  and,  at 
any  other  distance^  the  object  appears  double.  The  explanation  of  this  is,  that,  at  a  cer- 
tiun  distance  from  the  eye*  the  images  are  formed  upon  corresponding  points  in  the  retina; 
but,  at  a  sliorter  or  longer  distance,  this  cannot  occur.  This  illustrates  the  fact  that  there 
are  corresponding  points  th roughont  the  senstitive  layer  of  the  retina,  as  well  as  in  the 
fovea  eentralis.  By  these  experiments,  the  following  facts  have  been  ascertained:  With 
both  eyes  fixe<l  upon  an  oliject,  another  object  moved  to  one  side  or  the  other  can  bo 
distinctly  seen  only  when  it  is  carried  in  a  certain  curved  line.  On  either  side  of  tliis  line, 
the  ikbject  appears  double.  Tins  line,  or  area,  for  the  line  may  have  any  direction,  is 
called  the  horopter.  It  was  aupposed  at  one  time  to  be  a  regular  curve,  a  portion  of  a 
ciroie  drawn  throngli  the  fixed  point  and  the  points  of  intersection  of  the  rays  of  light  in 
emeb  oyo.  Although  it  has  been  ascertained  that  tlie  line  varies  somewhat  from  a  regular 
euTTo,  and  also  varies  in  different  meridians,  this  is  due  to  differences  in  refraction,  etc., 

the  principle  is  not  altereil. 


W 


It  i^  unfloubtedly  true  that  cdncation  and  habit  have  a  grent  deal  to  do  with  the  cor- 
rection of  visual  impressions  and  the  jtist  appreci.^tion  of  the  size,  form,  and  distance  of 
ol(}Octd.  If  we  may  credit  the  account  ol'  the  remarkable  case  of  Caspar  Ilaaser,  who  ia 
said  to  have  been  kept  In  total  darkness  and  seclusion,  from  the  age  of  live  months  until 
be  was  nearly  seventeen  years  old,  the  appreciation  of  size,  form,  and  distance  is  acquired 
by  cnrrcctlng  and  supplementing  the  sense  of  sight  by  experience,  even  in  binocular  vision. 
This  boy  at  firnt  had  no  idea  of  the  form  of  objects,  or  of  distance,  until  he  had  learned 
l»y  toQch,  by  walking,  etc.^  that  certain  objects  were  ronnd,  others  square,  and  had  actually 
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traveri^d  the  distance  tVom  one  object  to  another.  At  first,  all  objecta  appeared  to  be» 
it  were,  painted  upon  a  screen.  Such  points  as  these  it  would  be  tmpossthle  for  as 
accurately  observe  in  infants ;  but  w<?  have  nl)  se^n  young  children  grasp  at  rt*mul 
objects,  apparently  undtr  Uie  impression  that  they  were  witliin  reach.  It  niu&t  be 
mitted,  however^  tbat  the  oa^e  of  Casper  Ifauser  is  rather  indefiuitts;  hot  it  ia  cert^ 
that,  even  in  the  adult,  education  and  habit  enable  ns  to  greatly  improve  the  faculty 
estimating  distances. 

TLe  important  questions  for  us  now  to  determine  relate  to  the  differences  l>etw< 
inouucular  and  binocular  viision  in  the  adult.  We  may  see  an  object  distinctly  »*i( 
one  eye ;  but  are  we  able,  from  an  image  made  upon  one  retina^  to  appreciate  all  il 
dimensions  and  its  exact  locality  ? 

Accurate  observations  bearing'  upon  this  questiou  Wave  no  doubt  of  the  fact  thai 
monocular  vision  is  incoiopiete  and  inaccurate,  and  that  it  is  only  when  two  images  are 
formed,  one  upon  euch  retina,  that  vision  ia  perfect     We  cannot  better  ilkistruie  t! 
truth  of  this  propoi*ition  and  the  exact  condition  of  our  positive  knowledge  upon  tlii 
impoitant  point,  than  by  quoting  in  full  the  facts  and  argumenta  advanced  by  Ginii 
Teulon  : 

*'  Monocular  vision  only  indicates  to  us  immediately  tunal  dirttiiony  and  not  pi 
locality.     At  whatever  distance  a  Inniinons  point  njay  be  situated  in  the  line  of  direcii* 
it  forms  its  image  upon  the  same  point  ia  the  retina. 

*'  In  the  physiological  action  of  n  single  eye,  in  order  to  arrive  at  an  idea  of  lb*  djf*' 
tance  of  a  poiot  in  a  detiDite  direction,  we  have  only  the  following  elements 

**  1.  The  consciousness  of  an  effort  of  aocomtjiodation. 

*'  2,  Our  own  movement  in  its  relations  to  the  point  observed. 

*'  3.  Facts  brought  to  bear  from  recollection,  education,  our  acquired  knowledge  wW 
regard  to  the  form  and  size  of  objects ;  in  a  word,  experience, 

**  4.  The  geometric  perspective  of  form  and  position* 

"  5.  Aerial  pers{>ective, 

**  All  these  are  elements  wanting  in  precision  and  leaving  thcs  problem  without  i 
decisive  solution. 

**  And,  indeed ; 

**  We  place  before  one  of  our  ejes,  the  other  being  clo&ed,  the  excavated  mould  of  i 
medallion :  we  do  not  hesitate,  after  a  few  seconds,  to  mistake  it  for  tlie  relief  of  lU 
medallion.    This  illusion  ceases  at  the  instant  that  both  eyea  are  opened. 

'^  Or  again : 

''  A  miniature,  a  photography  a  picture,  produces  for  a  single  eye  a  j^rfvct  illasicQ; 
but,  if  both  eyes  be  open,  the  picture  becomes  flat,  the  prominences  and  the  depreMoOf 
are  eflaeed. 

^'  We  may  repeat  the  following  experiment  described  by  Malebranche:  ^Sufpeod  by 
a  thread  a  ring,  the  opening  of  which  is  not  directed  toward  us ;  step  back  two  or  thfl* 
paces;  take  in  the  hand  a  stick  curved  at  the  end  ;  then,  closing  one  eye  with  th^  htA 
endeavor  to  insert  the  curved  end  of  the  stick  within  the  ring,  and  we  dial!  b^  furpriiM 
at  being  unable  to  do  in  a  hundred  trials  what  we  should  believe  to  be  v«ry  ea^y.  U 
indeed,  we  abandon  the  stick  and  endeavor  to  pass  one  of  the  fingers  throngh  tlw  non. 
we  shall  experience  a  certain  amount  of  difficulty,  although  it  is  very  near,  Thii*  did!- 
enlty  ceases  at  the  instant  that  both  eyes  are  opened.' 

**  As  regards  precision,  exactitude  of  information  concerning  the  relRtire  distioc* 
of  olyects,  that  is  to  say,  the  idea  of  the  third  dmtnmon  or  of  drpth^  there  is  th«fl  » 
notable  difference  between  binocular  vision  and  that  which  is  obtained  by  means  of  oo< 
eye  alone." 

It  is  evident  that  an  accurate  idea  of  the  distance  of  near  objeetA  cannot  be  oblain*^ 
except  by  the  use  of  both  eyes,  and  tliis  fact  will  explain,  in  part,  tbo  error*  of  roonoca- 
lar  vision,  when  we  look  with  one  eye  upon  objects  in  relief ;  for.  under 
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ir«  caimot  determino  with  accuracy  whether  the  pointa  in  relief  h©  nearer  or  farther 
ftom  the  eye  than  the  plane  surfftce.  This  will  not  fally  explain,  however,  the  idea  cf 
floliditj  of  ohjei^ta  which  we  obtain  by  the  use  of  both  eyes;  for  the  estimation  of  difi- 
tance  ia  obtained  by  bringing  the  axes  of  both  eyes  to  bear  upon  a  isinglo  object,  be  it 
near  or  remote.  The  fact  is,  as  was  distinctly  stated  by  Galen^  in  the  second  centnry 
that,  when  w©  look  at  any  »oHd  object  not  so  far  removed  as  to  render  the  visual  axes, 
practically  parallel;  we  nee  with  tlje  right  eye  a  portion  of  the  surface  which  is  not  seen 
with  the  left  eye,  and  tic€  terta.  The  two  impressions,  therefore,  are  not  identical  for 
eaeh  retina ;  the  image  npon  the  left  retina  inclndinj«r  a  portion  of  the  left  side  of  tho 
objoct  not  seen  by  the  right  eye,  the  right  image  in  the  same  way  including  a  portion  of 
the  right  sarfaco  not  seen  by  the  left  eye.  These  slightly  dissimilar  impressions  are 
fuaed,  as  it  were,  produce  the  irrjpression  of  a  single  image,  when  virion  is  ptTfectly 
normal,  and  this  gives  the  idea  of  relief  or  solidity,  enabling  Ui*  to  appreciate  exactly  tho 
form  of  objects,  when  they  are  not  too  remote. 

The  fact  just  stated  ia  of  course  a  mathematical  neceflaitj  in  binocular  vision  for  near 
objects ;  but  the  actual  demonstration  of  tlie  fusioD  of  two  dissimilar  images  and  the  con* 
sequent  formation  of  a  single  image  giving  the  impression  of  solidity  was  made  by  the 
invention  of  the  stereoscope,  by  Wheatstone.  The  principle  of  this  instrument  is  very 
simple.  Two  pictures  are  made,  representing  a  solid  object,  one  viewed  slightly  from 
the  right  side,  and  the  otl»er,  shghtly  from  tho  left,  so  as  to  imitate  the  diflerencea  in 
the  images  fornied  upon  the  two  retina.  These  pictures  arc  so  placed  in  a  box  that  tlio 
image  of  one  is  formed  npon  the  right  retina,  nnd  the  other,  upon  the  left.  When  tbeso 
conditions  are  accurately  fulfilled,  we  see  but  a  single  image,  and  this  conveyB  to  tho 
mind  tlie  perfect  illusion  of  a  solid  object.  Experiments  with  the  stereoscope  are  so 
faoDiliar  that  they  need  hardly  bo  dwelt  upon.  With  most  persons,  an  apparatus  is 
necessary  to  shut  off  dli^turbing  visual  imjiressions;  but  some  individuals  are  able  to 
tfhte  two  images  in  this  way,  placed  in  proper  position^  without  the  aid  of  an  in-^trnment, 
by  a  simple  etlort  of  the  will. 

TTie  iiivontion  of  the  stereoscope  has  led  to  nmny  carions  and  interesting  experiments, 
csjiecially  since  the  art  of  jdiotograpby  has  enabled  us  to  produce  pirtures  in  any  position 
with  absolute  accuracy;  but  a  simple  statement  of  the  principle  upon  which  the  instrn- 
ment  is  constructed  illui^trates  the  mechanism  of  binocular  vision  in  tho  appreciation  of 
tbe  form  of  objects.  Experience,  tlie  aid  of  the  sense  of  touch,  etc.,  enable  person «s  with 
lot  one  ©ye  to  get  a  notion  of  form,  but  the  impressions  are  never  entirely  accurate  in 
thi^  regard,  although,  from  habit,  this  defect  occasions  little  or  no  inconvenience.  A 
atriking  illustration  of  these  points  ia  atlbrcled  by  the  binocular  microscope,  which, 
•dally  with  low  magiiifying  powers,  pnuluces  a  startling  impression  of  relief* 
As  wo  have  just  romnrkeJ,  the  stereoscope  af^brtk  a  satisfactory  ex[>lanation  of  the 
liieehauitim  of  the  eye  in  tho  a[>precitttlon  of  the  form  of  objects ;  but,  notwithstanding 
this,  a  theory  has  been  pruposed^  nnd  is  adopted  by  some  writers,  that  wo  obtain  an  idea 
of  farm  by  rapidly  and  iusensibly  directing  the  eyes  successively  toward  different  points 
on  the  surface  of  objects,  ft  is  difficnlt  to  understand  how  the  eye  can  make  these  rnpid 
inovements,  but  the  rpjestion  is  detinitively  settled  by  a  yery  simple  fact  demonstrated 
Dove,  UelmhoUz,  and  others.  In  an  article  on  visual  perception,  by  Ilelmholtx,  it  is 
that  stereoscopic  effect  is  recognized  when  two  pictures  are  seen  illuminated  by 
etrlc  spark,  tlie  dunitton  of  which  does  not  amount  to  the  four-thousandth  part  of 
Dud,  so  sliort,  indee<l,  that  a  falling  bfxly  appears  absolutely  motionless.  Under 
thew  conr)ition«.  dis[dzicement  of  the  lino  of  vision  would  seem  to  be  imposable. 

We  iihall  coDchJdo  onr  discussion  of  binocular  vision  and  the  stereoscope  witli  a  brief 
doconnt  of  *ome  experimenU  upon  the  binocular  fusion  of  colors,  which  are  very  curious, 
althongh  tiicy  have  no  very  imf>ortnnt  bearing  upon  the  physiolofry  of  the  eye  in  ordinary 
viaion*  Though  an  opposite  opinion  is  held  by  some  experimenters,  HelmhoHz,  with 
many  others,  states  that,  when  one  color  is  seen  with  one  eye  and  another  color  with  the 
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other  eye,  in  the  stereoscope,  the  uapression  is  nut  of  a  siDgle  color  resulting  from 
coiul>iiiutit>D  of  the  two.  It  is  true  that  there  is  au  iDiperfeet  mingling  of  the  two  colon 
but  this  is  very  different  from  the  resulting  color  pnxluced  by  the  uetual  fusion  of  th 
two.  There  is,  in  other  words,  a  sort  of  cuufusion  of  color:?,  without  the  cumpktt'  vun 
bination  with  whU'h  we  are  familiar  in  ordinary  experiments.     One  addition  f^ 

interest,  however,  is  that  the  binocular  fusion  of  tu  u  [(ietures,  unequally  ilhn 
of  dilierent  colors,  produces  a  eiogle  image  of  u  peculiar  lustre,  even  when  boti    -     i      s] 
are  dull.     This  may  be  very  strikingly  shown  by  making  a  stereoscopic  conihiiiitiMii  -f  _ 
images  of  crystals,  one  with  black  lines  on  u  white  ground,  and  the  other  with  white  line 
on  a  black  ground.     The  resulting  image  has  then  the  appearance  of  dark,  brilliant  cry* 
tala,  like  graphite. 

Duration  of  Luminous  Impressions, 

The  time  necessary  for  vision  is  exceedingly  sliort ;  bo  short,  Indeed^  that  it 
passes  our  powx*rs  of  comprehension.  Taking  advantage  of  the  very  delicate  methoda 
chronometric  observations  now  employed  by  physicists^  it  has  been  shown  by  Prof.  R« 
of  New  York,  that  the  letters  on  a  printed  page  are  distinctly  seen  when  lilnminated 
an  electric  sparky  the  duration  of  which  was  measured  and  found  to  be  not  more  thiJl 
forty  biliionths  of  a  second.  Inasmuch  as  the  waves  of  light  strike  the  eye  at  the  rate  of 
over  five  hundred  millions  of  millions  in  a  second*  It  is  evident  that,  even  in  the  period 
indicated  by  Prof.  Kood,  an  immense  number  of  waves  have  time  to  impinge  upon  tke 
retina. 

We  have  long  been  familiar  with  the  fact  that  an  impression  mode  upon  the  retiiui 
endures  for  a  length  of  time  tEiat  can  readily  be  measured,  and  that  its  duration  hcjmi  i 
certain  degree  of  relation  to  the  intensity  of  the  luminous  excitation.  If,  after  1o<t*kiof| 
fixedly  at  a  very  bright  object,  we  suddenly  produce  complete  obscurity,  the  object  it 
more  or  less  distinctly  seen  after  the  rays  hrjve  ceased  to  pass  to  the  eye,  and  the  ImafB 
fades  away  gradually.  When  we  produce  a  rapid  succession  of  images,  they  mav  W^ 
it  were,  fused  into  one,  as  the  spokes  of  a  rapidly-revolving  wheel  are  indistinct  and 
produce  a  single  impression.  This  is  duo  to  the  |>ersiBtence  of  the  successive  rcti 
impressions;  for,  if  a  revolving  wheel,  or  even  a  falling  body,  be  illuminated  for  the  I'Htf 
duration  of  an  electric  sparky  it  appears  absolutely  stationary,  as  the  period  of  time  xxtcfi^ 
sary  for  perfectly  distinct  vision  and  the  duration  of  the  illumination  are  so  Sihort,  thit 
there  is  no  time  for  any  appreciable  movenienl  of  the  object.  Tiie  familiar  experimcntf 
made  with  revolving  disks  strikingly  illustrate  tliese  points.  In  a  di*kk  mark«d  wilJi 
alternate  radiating  lines  of  black  and  wliite,  tlie  rays  become  entirely  indtstingaiftliabli 
during  rapid  revolution,  and  the  disk  appears  of  a  uniform  color,  such  as  would  be  pf^ 
dueed  by  a  combination  of  the  black  and  white.  .Very  beautiful  effects  of  artificial  cooj- 
biniition  of  colors  may  be  proiluced  in  this  way,  the  resultant  color,  ajipearing  predidiy 
as  if  tfte  individual  colors  bad  been  ground  together.  It  is  also  intercepting,  in  thi^  ct^- 
nection,  to  note  that  the  duration  of  retinal  impressions  varies  considerably  fi»r  the 
different  colon.  According  to  Emstnann,  the  duration  for  yellow  is  0*25  of  a  so^ooil; 
for  white,  0-26  of  a  second  ;  for  red,  0'22  of  a  second ;  and  for  blue,  0*21  of  a  seisood. 

It  is  unnecessary  to  describe  farther  in  detail  the  well-known  phenomena  which 
illustrate  the  point  imder  consideration.  The  circle  of  Hght  produced  by  rapidly  revolfifi^ 
a  burning  coal,  the  track  of  a  meteor,  and  other  illustrations,  are  su6iciently  familiift  •* 
well  as  many  scientific  toys  producing  optical  illusions  of  various  kinds. 

Irradiation, — It  haa  been  observed  thut  luminous  impreaaions  ara  not  always  eaiiflfl«d 
to  the  elements  of  the  retina  directly  involved,  but  are  aometimea  propapUed  to  ti»«< 
immediately  ad^jacent.     This  gives  to  objects  a  certain  degree  of  amplifiin  :  "     '  1< 

generally  in  proportion  to  their  briglitneaa.     An  illustration  of  this  ts  m;  !. 

fimple  experiment  of  looking  at  two  circles,  one  black  on  a  white  ground,  and 
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white  OD  a  block  groaod.  Although  the  actual  dimensions  of  the  two  circles  are  iden- 
tical, the  irradiation  uf  rays  from  the  white  circle  niuke»  tliis  appear  the  largrer.  In  a 
circle  with  one  half  black  and  the  other  white^  tbo  white  portion  will  a[>pear  Inrgeff  for 
the  some  reason.  This  deception  increases  Benaibly  when  we  look  steadily  at  the  object. 
TLe*e  phenomeua  are  due  to  wliat  has  iMsen  calleil  by  phymologiat^  irradiatioD ;  and  their 
ejcplauatiou  is  very  dmple.  It  is  (trolmble  that  luuiinout^  iiupreBsiona  are  never  confined 
alisolatcly  to  those  parts  of  the  retina  upon  which  the  niys  of  light  directly  impinge,  but 
that  the  sensitive  elements  immediately  eontiguuuti  are  always  more  or  less  involved. 
In  lookinpr  at  powurtully-illuminated  objects,  the  irradiation  is  considerable,  as  compared 
with  objects  which  send  fewer  himinous  rays  to  the  eye. 

In  experiments  analogous  to  those  just  described,  made  with  strongly  colored  objecta, 
it  has  been  observed  tliat  the  border  ot'  irradiatioa  take^  a  color  complementary  to  that 
of  the  object  itself.  This  is  particularly  well  marked  vv  hen  the  objects  arc  steadily  looked 
at  for  some  time.  Illustrations  of  tliis  point  alsa  are  very  simple.  U  we  kicked  tixedly 
af  a  red  spot  or  figure  on  a  white  ground,  we  soon  see  surrtiundiug  the  red  objCLt  a  fuiut 
areola  of  a  pale  preen;  or,  if  the  image  be  yellow,  the  areola  will  appear  pale  blue. 
These  appearances  have  been  called  accidental  areolte. 
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Re  eyeball  nearly  fills  the  cavity  of  the  orbit,  resting,  by  its  i»osterior  portion^ 
upon  a  bvd  of  adipose  tissue,  which  is  never  absent,  even  in  extreme  emaciation.  Out- 
ride of  the  sclerotic,  is  a  fibrous  membrane,  the  tunica  vaginalis  ocuU,  or  capsule  of 
Tenon,  which  is  useful  in  maintaining  the  equilibrium  of  the  globe.  This  tibrous  mem- 
brane surrounds  the  posterior  two-tliirds  of  the  globe  and  is  loosely  attached  to  the 
ftcierotic.  It  is  perforated  by  the  optic  nerve  posteriorly,  and  by  the  tendons  of  the 
recti  and  oblique  muscles  of  the  eyeball  in  front,  being  reflected  over  these  muscles.  It 
is  ttl*u  continuous  with  the  palpebral  ligaments  and  is  attached  by  two  tendinous  bands 
Ui  the  border  of  the  orbit  at  the  internal  and  the  external  angles  of  the  lids. 

The  muscles  whii-h  raovt?  tlie  glohe  are  sis  in  number  for  each  eye.  These  arc,  the 
external  and  internal  recti,  the  su[»erior  and  inferior  recti,  and  the  two  oblique  muscles. 
The  four  recti  muscles  and  the  superior  oblique  arise  posteriorly  from  the  ajtex  of  the 
orbit.  The  recti  pass  directly  forward  by  the  sides  k\f  the  globe  and  are  inserted  by 
abort,  tendinous  i>ands  into  tfre  sclerotic,  at  a  distance  of  froiii  one-fonrth  to  one-third  of 
an  inch  from  the  margin  of  the  cornea.  The  stiperior  oblique,  or  trocldearis  muscle 
pA^cs  along  the  upper  and  iimer  wall  of  the  orbit  to  a  i^oint  near  tbo  inner  angle.  It 
beru  pr*5sent5a  rounded  tendon,  which  passes  through  a  ring,  or  pulley  of  fibro-cartilage ; 
and  it  is  froto  this  point  that  its  action  i^ exerted  upun  the  globe.  From  the  pulley,  or 
trochlea,  the  tendon  heeyrnes  flattened,  parses  outward  tmtl  backward  beneath  the  supe- 
rior reetua,  and  is  inserted  into  the  sclerotic,  about  midway  between  the  superior  and  the 
external  rectns  and  Just  kdiind  the  equator  of  the  globe.  The  inferior  oblique  muscle 
ansea  just  within  the  anterior  margin  of  the  orbit,  near  the  inner  angle  of  the  eye,  and 
paa^ea  around  the  anterior  portion  of  the  globe,  beneath  the  inferior  rectus  and  Ijetween 
the  external  rectns  and  the  eychall,  t.-iking  a  direction  outward  and  slightly  backward. 
Its  tendon  is  inserted  intfi  the  sclerotic,  a  little  below  the  insertion  of  the  superior 
oblique.     The  general  arrangement  of  these  muscles  is  shown  in  Fig.  264. 

The  varioua  movements  of  the  eyeball  are  easily  understood  by  a  study  of  the  asso- 
ciated movements  of  the  muscles  just  enumerated,  at  least,  as  far  as  is  necessary  to  the 
ooinprehension  of  the  mechanism  by  which  the  eyes  are  directe<i  toward  any  particular 
ol^ect.  We  have  already  i^een  that  the  centre  of  exact  vision  is  in  the  fovea ;  and  it  Is 
evident  that,  in  order  to  see  any  object  distinctly,  it  is  necessary  to  bring  it  within  the 
axed  of  vision  of  both  eyes.  As  the  globe  is  so  bidanced  in  the  orbit  as  to  be  capable  of 
rotation,  within  certain  limits,  in  every  direction,  we  have  only  to  note  the  exact  mode 
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of  action  of  each  of  tho  muscles^  in  urder  lo  compreljeud  bow  the  differect  mora 
are  accomi>lished ;  and  it  is  sufiicient  fur  our  puq^fji^^ca  to  admit  that,  approxixoativetl 
thero  is  a  common  axis  of  rotation  for  eaeh  paii'  of  muscleis. 

Under  ordinar.v  conditions,  in  tbt^  human  subject,  tbe  action  of  tho  mx  ocular  moscli 
is  confined  to  the  movemcjits  of  rotation  and  torsion  of  the  globe.  It  is  said  that,  in  thi^ 
human  subject,  there  is  no  such  thing  a^  protrufsion  of  the  eye  from  general  relaxatkNl 
of  these  muscles,  and  tbat  it  la  impogsiblei  by  a  combined  action  of  tlie  ibur  recti  muscles 
to  retract  tho  glube  in  the  orbit;  but  those  who  have  operated  upon  the  ejes  assert  pciit> 
tivelj  that  this  statement  ia  erroneous,  and  tbat  the  gkibe  is  almoi^t  always  guddeal}^  And 
powerfully  drawn  within  the  orbit  when  a  painful  impression  is  made  upon  the  co 
This  ia  stated  as  a  matter  of  common  observation  by  ophthalmic  BurgeonB. 
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Fifi.  254, -Mu^4*  of  ih  ^  ,  •  ■/,  b ,  i  U.    (b u j  .^^cy , ) 

1^  attttcbmcDt  of  IIk*  ti?n*lon  f^nnoctt'd  with  til©  inferior  rwttjs,  iotcrtuil  r^tu.*,  anfJ  pxtcmal __.- 

dtvJded  «ud  turnud  dowijwiiM)  to  Dxposetbo  iofcrior  recttis :  »,  Intcrno)  rectus;  4,  Inlbrl^jr  mtUB  ;  Ik 
rociun;  i\  Hti{>eHor  ohliqtio;  7,  ptiDrv  and  reflected  portion  of  the  *uiK'rior  obJlquo:  'i*  inlbflor  obtM|M;  Ch 
tor  imlpedrt  suporiods;  lU,  10,  nLiddlo  portiou  of  the  Ifrvntor  pulpohrl  anjx.*rlorlA ;  H,  optic  oenrv. 


The  extent  to  which  the  line  of  vision  may  bo  turned  by  a  voluntary  efTnrt  varfcef  i 
different  individnal?^  even  when  the  eyes  are  perfectly  normal.    In  myopic  *  aUf  ^ 

of  rotation  is  deeper  in  the  orbit  than  normal,  iiud  the  extent  of  the  posjjil  i  o  of  i 

the  visual  line  is  correspondingly  diminished.     Ilelmboltz  states  that,  in  \m  own  |ierKiD,| 
with  the  greatest  effort  that  he  is  capable  of  niakin|f»  he  can  move  the  line  of  vi»bnia 
the  horizontal  plane  to  tiie  extent  of  about  tit\y  degrees,  and,  in  the  vertical  plane,  alXii 
forty-five  de/yrees;  but  he  adds  that  these  extreme  rotations  are  very  forced,  and  th«t' 
they  cannot  ho  sustained  for  any  length  af  time.     It  is  probnble  that  we  seldorn  mot«  tlit 
eyeball  in  any  direction  to  an  an^rle  of  forty-five  dcjarees,  the  direction  of  tlie  vvrtial  lim 
being  more  easily  accomplished  by  q^ovements  of  the  head. 

Action  ofthff  Rseti  Mu»cl€$,—l\i^  action  of  the  recti,  particularly  of  the  iDterBilani 
^xtenml,  is  quite  Kituple. 

The  internal  and  the  extemfil  recti  rotate  the  globe  upon  a  vertical  axiB^  which  b  |W^ 
pendicQlar  to  the  axis  of  the  eye.  The  isolated  action  of  these  mut^cles,  particularly  of  tli* 
externnl  rectus,  is  often  illustrated  in  certain  forms  of  paralysis,  which  have  h«eii  aHiwW 
to  in  cunuectlon  with  the  history  of  the  crjiuial  nerves. 

The  sujieriur  and  the  inferior  recti  rotate  the  globe  upon  a  horizontal  axia.  wlddi  ii 


I 
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at  Tight  liQgleB  with  the  axis  of  the  eye^  but  is  inclined  from  tlic  nasal  side  slightly 
backward.  The  line  which  serves  a^  the  axis  of  rotation  for  these  muscled  lloruis  an  angle 
of  ahout  seventy  degrees  with  the  axis  of  the  globe ;  and,  as  a  consequence  of  this  arrange- 
ment^ their  action  is  not  so  simple  as  that  of  the  internal  and  external  recti.  The  uiavT* 
tion  of  the  f»ut»enor  rectus  is  such,  that,  when  it  coutrac*t«^  Uie  pupil  U  directed  upward 
ond  Inward,  the  inferior  rectus  directin^^  the  pupil  downward  and  inward. 

The  above  represents  the  simple,  isohited  action  of  each  pair  of  n^cti  muscles;  but  it 
is  easy  to  see  liow^  without  necessarily  involving  the  action  of  the  oblique  muscles,  the 
glol^  may  be  mnde  to  perform  an  immense  variety  of  rotations^  and  the  line  of  vision  may 
be  turned  in  nearly  every  direction,  by  the  action  of  the  recti  muscles  alone. 

Action  of  the  Oblique  MuscU^. — ^Althoagh  tliere  has  been  considerable  discnssion  con- 
ning the  exact  mi>de  of  action  of  the  oblique  muscles,  their  mechaniflm  may  now  be 
l^arded  a^  pretty  well  settled,  at  lea.st  as  regards  tJie  human  subject.  In  the  first  place, 
it  is  sufficient  for  all  practical  purposes,  to  assume  that  the  superior  and  the  inferior 
obli<iue  muj^cles  act  as  direct  antagonists  to  each  other.  The  next  point  to  determine  is 
the  direction  of  the  axis  of  rotation  of  the  globe  with  reference  to  the  action  of  these 
mtisele^.  The  most  exact,  recent  measurements  show  that  this  axis  is  horizontaJ  and 
Uiat  it  has  an  oblique  direotion  from  before  backward  and  from  without  inward.  The 
angle  formed  by  the  axis  of  rotation  of  the  oblique  muscles  with  the  axis  of  the  globe  is 
thirty-five  degrees;  and  the  angle  be- 


tween the  axis  of  the  oblique  muscles 
and  the  axis  of  the  superior  and  inferior 
recti  muscles  is  seventy-five  degrees. 

Given  the  direction  of  the  axis  of 
rotation  and  the  direction  of  the  supe- 
rior oblique  muscle,  it  is  easy  to  under- 
stand the  effects  of  its  contraction.  As 
this  muscle,  passing  obliquely  backward 
and  forward  over  the  globe,  acts  fhiin 
the  pulley  near  the  Inner  angle  uf  the  ''*''* 
eye  to  its  insertion  just  behind  the  an- 
terior half  of  the  globe  on  its  external 
and  superior  surface  (t^  Pig.  254),  it 
must  rotate  the  globe  so  as  to  direct  the 
pupil  downward  and  outward. 

The  inferior  oblique,  passing  outward 
and  slightly  backward  under  the  gltd)e, 
acts  from  its  oHirin  at  the  nuirgin  of  the 
jirbtt  near  the  inner  angle  of  the  eye  to 
\  insertion,  which  is  ju.nt  below  the  in- 

ion  of  the  superior  oblique.  Tliia 
innscie  rotates  the  globe  so  as  to  direct 
the  pniul  upward  and  outward. 

The  action  of  the  oblique  muselee 


o5li 
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r.^ap. 
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nixt. 


DS  to    be   specially   connected   with    Tvi.^lb^'-Diagrummuitratin^thenctimtqfthtviUMelMqf 

_   ,  tnovementa  of  torsicm  of  the  globe,   ^b.  d*rk  ton.^  «pJ^ortl'rm«  Jl^tr  tho  ejoW  and  the 
It  is  neCCHSJiry  to  distinct,  ^in^de  vision  dotted  l(iie«,  the  axl*  of  tho  sujit-rJor  and  the  iafarlor  *«!tut 

.^,    .       ,  ^     .  ^1       .  1        11  ODd  thtr  udfi  of  the  oblique  muAoles. 

With  botlj  eyes,  that  the  images  shonhl 

be  fornied  upon  exactly  corresponding  points  on  the  retina,  and  that  they  should  bear, 
for  the  two  eye^,  corresponding  relations  to  the  perpendicular.  Thu^  it  is  that,  when  the 
head  is  inclined  to  one  side,  the  eyes  are  twisted  upon  an  oblique,  antero-posterior  axis; 
OS  can  bo  readily  observed  if  we  watch  little  spots  upon  tlie  iris  daring  these  movements* 
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The  superior  obllqne  ronscle  is  supplied  by  a  single  nerve,  tiie  patbeticos.    WbcQ  tb 
muscle  is  paralvzed,  the  inforior  obliqui?  acts  without  it*!  antagonist,  and  the  eyeball  iil 
immoviible,  its  tier  as  the  twistinpj  of  the  globe,  just  described,   is  concerned,     WijcaJ 
the  hejul  la  moved  toward  tht^  i^houldtfr,  the  globe  cannot  rotate  to  mulntalii  a  {>«>s)titt|i  ] 
corresponding  to  that  of  the  other  oye,  and  we  have  double  viidon.     This  point 
already  been  touched  upon  in  connection  with  the  physiology  of  the  nerves  of  the  eyt 
btdl  aud  the  sitnalion  of  correspondhig-  points  in  the  retina. 


A$«(H^ktUd  Action  of  the  Diffisrent  MwtcU*  of  the  EyiihalL — It  is  almost  nnu 
sarj  to  add,  al'ter  tbe  de^criptiou  jast  given  of  the  actitmb  uf  the  individual  wudclct 
the  globe,  that  their  contractions  luay  Ijo  assM>ciated,  so  as  to  produce  an  Lnfinlte  tarietfl 
of  movements.    We  have  no  consciousness,  under  ordinary  circumetancea,  of  the  tnusL^u 
action  by  which  the  globe  is  rotated  oDd  twisted  in  various  directions,  except  tliat,  by  m\ 
effort  of  the  will,  we  direct  the  visual  line  toward  difterent  objects.     By  a  strong  cfibrt, 
we  eun  make  the  eyes  converge  by  contracting  both  internal  recti,  and  some  penom  c4o 
produce  extreme  divergence  by  using  both  external  recti ;  but  this  is  abnornial. 

In  looking  at  distant  objects,  the  axes  of  vision  are  practically  parallel.     When  w«l 
look  at  near  objects,  the  effort  of  accommodation  is  attended  witli  tlie  amount  of  caiiri 
vergence  necessary  to  bring  the  visual  axes  to  bear  upon  identical  points.     In  kK>kiiigJ 
around  at  different  objects,  we  move  the  head  more  or  less,  rotating  and  twisting  tJ^I 
globes  in  various  directions.      In  llje  movements  of  the  globes  vertically,  the  ttxc?t  an] 
kept  parallel,  or  at  the  proper  angle,  by  the  internal  and  external  recti,  and  the  sui»eni)r| 
and  inferior  recti  upon  the  two  sides  act  together^     In  rotating  the  glabe  from  one  tiitel 
to  the  other,  upon  a  vertical  axis,  the  external  rectus  uj>on  one  side  acts  witJi  the  intenu) 
reetua  upon  the  other.     In  the  movements  of  torsion  upon  an  antero-postwor  axis,  \htn 
mast  be  an  associated  action  of  the  oblique  muscles  and  the  recti.    We  quote  from  Loofti 
the  following,  as  illustrative  of  this  combination  of  action  : 

'*  If  the  eyes  be  directed  obliquely  upward  and  to  the  left,  the  vertical  meiidJafu  of 
the  two  eyes  arc  parallel  and  inclined  from  left  to  right,  for  the  left  eye,  outward^  and  ht 
the  right  eye,  inward.  Tl»e  movement  of  the  left  eye  upward  and  to  the  left^  or  out  wan), 
necessitates  a  contraction  of  the  superior  rectus,  the  cxtemul  rectus,  and  the  inferior 
oblicjue  muscles.  As  regards  the  right  eye,  also  directed  upward  and  to  the  left,  that  ii 
to  say,  inward,  this  is  moved  by  the  simultaneous  action  of  the  superior  rectus,  the  inter* 
nal  rectus  and  the  inferior  oblique." 

We  have  given  the  above  quotation  simply  to  illustrate  a  cottibination  of  action  ftf 
three  muscles  for  each  eye,  the  only  difference  in  binocular  vision  being  that  in  oneevt  j 
the  external  rectus  is  brought  into  play,  while  the  internal  rectus  acts  upon  tlie  opjKJsit*  ' 
side.     Reversing  this  action  of  the  internal  and  external  recti,  we  have  the  action  wbkb 
directs  the  pupil  upward  and  to  the  right.     If  we  eubstitute  for  the  superior  rectuB  and 
the  inferior  oblique,  the  inferior  rectus  and  the  superior  oblique,  we  have  the  pupil  directed 
downward,  and  eitlier  io  the  right  or  left,  as  the  internal  or  external  rectus  ujxjn  either  . 
81  de  U  lirought  into  action. 

One  importrmt  point,  never  to  bo  lost  sight  of  in  our  study  of  the  associated  a*iii«  I 
of  the  muscles  of  the  globe,  relates  to  the  associated  movements  of  the  two  ©y«*    Wi  ] 
have  already  seen  that  perfect  binocular  vision  is  possible  only  when  itnpreMiofii  •« 
made  upon  exactly  corresponding  points  in  the  retina  of  each  eye.     If  one  eye  be  deriit^ 
in  the  horizontal  plane,  the  points  no  longer  correspond,  and  there  i«  double  tisioii,  tJi»  I 
Kirne  as  if  two  impressions  were  made  upon  one  retina;  for,  when  the  utiprefldOBi 
exactly  corre?*pnnd,  the  two  retinae  act  practically  as  a  single  organ.     Tlie  t^arue  Ii 
in  deviation  of  the  globe  in  the  vertical  plane.     If  we  suppose,  for  the  sake  nl  arguni«U» 
that  the  retina  is  square,  it  is  evident  that  a  torsiun,  or  twisting  of  one  glol>e  ujMm  ifl 
antero^posterior  axis  must  be  attended  with  an  analogous  movement  of  the  other  gloi*, 
in  order  to  bring  the  visual  rays  to  bear  upon  the  corresponding  points ;  in  oth''»-  »i.fik 
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the  obliquity  of  the  aafiutneil  square  of  the  retina  must  be  exactly  the  same  for  tlie  two 
Gye«,  or  the  coincidence  of  the  corre^pon*3jng  points  wonld  bu  diiituibod  und  we  should 
have  double  vision.  When  we  clearly  understand  that  deviation  uf  one  eye  in  the  hori- 
zontal or  the  vertical  plane  di^urbs  the  relation  of  the  ctorresponding  point*,  which  is 
sufficiently  easy  of  comprehenjiiou,  and  that  a  deviation  from  exact  coinciduuce  of  action 
in  tor*iion  of  the  globes  twisti*^  a*s  it  were,  the  corrcRpondlng  points,  »o  that  their  relo- 
ti«m  is  also  disturbed^  we  can  ^ee  that  the  varied  nioveiiienta  of  thti  globes,  by  the  com- 
bined action  of  the  recti  and  ublique  luusiclei*,  must  correHpoiid  for  each  eye»  in  the  move- 
ments of  torsion  upon  an  antero-posterior  astia,  a^  well  aa  in  movements  of  rotation  upon 
the  horizontal  or  the  vertical  axis. 


Paris  for  the  Prot^rtion  of  the  KtjehalL 

The  orbit^  formed  by  the  union  of  certain  of  the  bones  of  tho  face,  roceivCB  the  eyeball, 
the  ocular  muscles,  the  muscle  of  the  upper  lid,  blood-vessels,  nerves,  part  of  the  lachry- 
mal ap[»aratuii,  and  contains,  also,  a  certain  amount  of  adipose  tisane,  which  latter  never 
disappears,  even  in  extreme  marasmus.  The  bony  walls  of  this  cavity  protect  the  globe 
and  lodge  the  pnrts  above  enumerated.  The  internal,  or  nasal  wall  of  the  orbit  projects 
eonsiderably  lieyund  the  external  wall,  so  that  the  extent  of  vision  is  far  greater  in  the 
outward  than  in  the  inward  direction.  As  the  globe  is  more  exposed  to  accidental  injury 
fruni  an  outward  direction,  the  external  wall  of  the  orbit  is  strong,  while  the  bones  which 
form  it«  internal  wall  are  comparatively  fragile.  The  upper  border  of  the  orbit  (the 
Bupereiliary  ridge)  is  provided  with  short,  stiff  hairs  (the  eyebrows)  which  serve  to  shade 
th©  eye  from  excessive  light  and  to  protect  the  eyelids  from  perspiration  from  the  fore- 
head. 

The  eyelids  are  covered  by  a  very  thin  integument  and  are  lined  by  the  conjunctival 
mucous  membrane.  The  subcutaneous  connective  tissue  is  thin  and  loose  and  is  entirely 
free  from  fat.  The  skin  presents  numerous  short  papillro  and  small  sudoriparous  glands- 
i  the  borders  of  the  lids^  are  short,  stitl*,  curved  hairs,  arranged  in  two  or  more  rows, 
ilofl  the  eyelashes  or  cilia.  Those  of  the  upper  lid  ore  longer  and  more  numerous  than 
the  lower  cilia.  The  curve  of  the  lashes  is  from  tlie  eyeball.  They  servo  to  protect  the 
globe  from  dust,  and,  to  a  certain  extent,  to  shade  the  eye. 

The  tarsal  cartilages  are  small,  elongated,  semilunar  plates,  extending  from  the  edges 
of  the  lids  toward  the  margin  of  the  orbit,  between  the  skin  and  the  mucous  membrane. 
Their  length  is  about  an  inch.  The  central  portion  of  the  upper  cartilage  is  about  one- 
third  of  an  inch  broad,  and  the  corresponding  part  of  the  lower  cartilage  measures  about 
one-sixth  of  an  inch.  At  the  inner  canthus,  or  angle  of  the  eye,  is  a  email,  delicate  liga- 
ment, or  t^^ndon,  the  tendo  palpebrarnni,  which  is  attached  to  the  lachrytnal  groove 
internally,  passca  outwanl,  and  divides  into  two  lamella?,  which  ore  attached  to  the  two 
tarsal  cartilages.  At  the  outer  canthus,  the  cartilages  are  attached  to  the  malar  bone  by 
le  external  tarsal  ligament.     The  tarsal  cartilages  receive  additional  support  from  the 

pebral  ligament,  a  tibrous  membrane  attached  to  the  margin  of  the  orbit  und  the  con- 
vex border  of  the  cartilages  and  lying  beneath  tli©  orbicularis  moscle.  This  membrane  is 
Btnmgest  near  the  outer  angle  of  the  eye. 

On  the  posterior  surface  of  the  tarsal  cartilages,  partly  embedded  in  them  and  lying 
ju^t  benenth  the  conjunctiva,  are  the  Mcibooiian  gland;*.  The  structure  and  functions 
of  these  glands  have  already  been  considered  in  connection  with  secretion.  They  pro- 
duce on  oily  fluid,  which  smears  the  edges  of  the  eyelids  and  prevents  the  overflow  of 
tears.  ^ 

Mii«els8  whiiih  open  and  elme  the  Eyelids, — Leaving  out  the  cormgator  Bupercilii, 
which  draws  the  skin  of  the  forehead  downward  and  inward,  we  have  the  orbicularis 
palpebrarum,  which  closes  the  lids,  and  the  levator  palpebra?  snperioris,  which  raises  the 
upper  lid.    The  tensor  tarsi,  called  the  muscle  of  Homer,  is  a  very  thin,  delicate  muscle, 
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whieb  IB  regarded  by  some  aDatomiBts  as  ii  deep  portion  of  the  orbionlarls.  Cometdtfiiig 
tliis  as  a  distinct  imiscle,  it  consists  of  two  delicate  slips,  wliieh  pass  from  eitber  eyelid 
behind  the  lachrjrtndl  sac,  uniting  here  to  ^o  to  its  attachment  at  the  posterior  portioo  of 
the  Iftchryrnal  bone.    When  this  acts  with  the  orbicularis,  it  corapressea  the  laehryiual  fiac. 

The  orbicukriB  palpebrarum  is  a  broad,  thin  muscle,  closely  attached  to  the  skio, 
surrounding  tlie  free  luarj^'in  of  the  lids,  and  extending  a  short  distance  over  the  bon<^ 
beyond  tiie  mar^^n  of  the  orbit.  This  muscle  may  be  described  as  arising  from  the  tendo 
palpebrarum,  the  surface  of  the  nasal  process  of  the  euperior  maxiiiary  bone,  and  the 
internal  angular  process  of  the  os  frontis.  From  tliis  origin  at  the  inner  angle  of  the 
eye^  lia  fibres  pass  elliptically  around  the  fissure  of  the  lids,  as  above  indicated.  It£ 
action  is  to  close  the  lids.  In  the  ordinary,  moderate  contraction  of  this  muscle,  only 
the  npper  lid  is  moved  ;  but,  in  forcible  contraction,  the  lower  lid  moves  slig-htly  and  the 
lids  are  drawn  toward  tbe  nose.  In  facial  palsy,  or  when  the  temporo- facial  branch  of 
the  portio  dura  of  the  seventh  nerve  is  paralyzed,  this  muscle  cannot  act,  and  it  is  impos-  { 
si  hie  to  close  the  eye. 

Tbe  levator  palpebrae  superioris  is  situated  within  tbe  orbit.  It  arises  from  a  point 
a  little  above  and  in  front  of  tbe  optic  foramen  at  the  ay>ex  of  the  orbit,  passes  forward 
above  tbe  eyeball,  and  spreads  into  a  thin  tendon,  which  is  inserted  into  the  anterior  | 
surface  of  the  superior  tarsal  cartilage.  Its  evident  action  is  to  raise  the  upper  lid.  It  ia 
animated  by  filaments  from  the  third  p^r  of  cranial  nerves;  and,  when  tiiis  nerve  is 
paralyzed,  we  have  permanent  falling  of  the  upper  lid,  or  blepharoptoais.  This  muscle 
and  its  relations  are  shown  in  Fig.  264  (9,  10,  10),  page  808, 

In  the  act  of  openiug  the  eyes,  the  levator  muscles  alone  are  brought  into  play. 
Closing  of  the  lids  is  accomplished  by  the  orbicular  muscles.  Both  of  these  sets  of  mm^ 
clea  act  to  a  great  extent  without  the  intervention  of  the  will.  The  eyes  are  kept  ojitu 
almost  involuntarily,  except  in  extreme  fatigue ;  altljough,  when  tbe  will  ceases  to  ad, 
the  lids  are  closed.  Nevertheless,  we  are  hardly  conscious  of  an  effort  in  keepbg  llic 
eyes  open,  in  our  waking  moments,  and  we  require  an  effort  to  close  the  eyes.  During 
sleep,  the  eyes  are  closed  and  the  globes  are  turned  upward.  The  conlrnetions  of  tin* 
orbicular  muscles  which  take  place  in  winking  are  us^ially  involuntary*  litis  act  ocoin 
at  short  intervals,  and  it  is  useful  in  spreading  the  lachrymal  secretion  over  the  expottd 
portions  of  the  globes.  The  action  of  both  sets  of  muscles  is  usually  simultaneous,  althoci|b 
we  may  educate  them  so  as  to  close  one  eye  wliile  the  other  is  kept  open.  The  tuetiat 
of  the  orbicularis  is  so  far  removed  from  the  control  of  the  will,  that,  when  the  siirfa^t 
of  tiie  globe  is  touched  or  irritated  or  when  the  injpression  of  light  prodnces  int^nie 
pain,  it  is  impossible  to  keep  tire  eye  open. 


Conjunctival  Mneom  Membrane, — The  entire  inner  surface  of  the  tipper  and  low^r 
eyelids  is  lined  by  a  mucous  tiiembrane,  which  is  reflected  forward  from  the  inner  pcriph- 
ory  of  the  lids  over  the  eyeball.  The  membrane  lining  the  lids  is  called  the  p(vl(»ehril 
conjunctiva,  and  that  covering  the  eyeball,  the  ocular  conjunctiva.  The  lattor  pre^iusts 
a  sclerotic  and  a  corneal  portion.  The  membrane  presents  a  superior  and  an  inferior 
fold,  where  it  is  reflected  upon  tlie  globe.  In  the  superior  eoiyunctival  fold,  ore  numcr^ 
cms  glandular  follicles,  or  accessory  lachrymal  glands,  which  secrete  a  certain  portion  of 
the  fluid  w  hicli  moistens  the  surface  of  the  eyeball.  These  are  generally  dest*nbed  m 
forming  a  j>art  of  the  lachrymal  gland.  At  the  inner  canthns,  there  is  a  vertical  foJ'l 
(the  plica  semilunaris)  with  a  reddish,  spongy  elevation  at  its  inner  iM>rlion»  c^dUnl  th* 
csuruneulii  laerymalis.  The  caruucula  presents  a  collection  of  follicular  glands,  with  a 
few  delicate  hairs  on  its  surface,  Tbe  c<fk\iunctiva  is  continuous  with  the  membrane  of 
tiic  lachrymal  ducts,  of  the  puncta  lacrymalia,  and  of  the  Meibomian  glantU.  Ben^atli  tlif 
coiyonctiva,  except  in  the  corneal  portion,  is  a  loose  connective  tissue. 

Tiie  palpebral  conjunctiva  is  reddisli,  thicker  than  the  ocular  portion,  fhrrowi?*!,  at») 
presents  small,  isolated  papillic  near  the  borders  of  the  lids,  which  increase  in  tminb«r 
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[  9126  towaixl  the  folds.  This  portion  of  the  membrane  presenta  large  eapillory  Ulood- 
Ttfaseb  iiod  lymphatics  and  is  covered  wrtk  a  layer  of  celld  of  flattened  epithelluiti*  The 
sclerotic  portion  is  thinner^  less  vascular,  and  has  no  papiUie.  It  is  covered  by  eonieal 
und  roaaded  epithelial  cells,  which  pretient  from  two  U)  four  layers.  Over  the  cornea, 
llie  epithelium  of  the  siderotic  portion  is  continued  in  delicate,  transparent  layers,  without 
A  di&tiutrt  haaeraent -membrane. 


The  Laehrymal  ApparatuM, — The  eyeball  is  constantly  bathed  in  a  thin^  watery  fluid 
which  U  secreted  by  the  hichryituil  gland,  is  spread  over  tbo  globe  l>y  the  movements  of 
t!ie  lids  and  of  the  eyeball,  and  in  prevented,  unOer  ordinary  eonditiouB,  from  overflowing 
tipon  the  cheeky  by  the  Meibomian  secretion.  The  excess  of  this  tiiiid  is  collected  into 
the  lachrymal  sac  and  is  carried  into  the  nose  by  the  nasal  duct.  The  lachrymal  gtand, 
the  la^^hrymal  canals,  duct,  and  sac^  and  the  naisal  duct,  constitute  the  lachrymal  appa- 
ratus. 

The  lachrymal  gland  is  an  ovoid,  flattened  gland  of  tlie  racemoaie  variety,  resembling 
tli€  salivary  glands  in  it^  ^:eueral  strncture.  It  is  about  the  size  of  a  small  almond  and  is 
lodged  in  a  shallow  duprL-i^siun  in  the  bones  of  the  orbit  at  its  upper  and  outer  portion. 
It  is  closely  attached  to  the  periosteum  by  its  upper  surface  and  is  moulded  below  to  the 
convexity  of  the  globe.  Its  anterior  portion  is  separated  from  the  rest  by  a  well-marked 
groove,  is  comparatively  thin,  and  adheres  to  the  upper  lid.  It  presents  from  six  to  eight 
(osoidly  seven)  ducts,  which  form  a  row  of  openings  into  the  conjunctival  fold*  Five  or 
six  of  these  orifices  are  situated  above  the  outer  canthns  and  two  or  throe  open  below* 
In  ita  minute  structure,  this  gland  presents  no  points  of  special  physiological  interest  as 
"distinguished  from  the  ordioary  racemose  glands.  It  receives  nervous  filaments  from  the 
fifUi  cranial  nerve  and  the  sympathetic. 


Fio.  ^tj—Lachrym€d  and  Meihom  i< 
QTUie  ortHt;  S,  %  tnterDil  portion  oflbo  orbleulan 
Hi  4,  ortOce  fbr  Hm  posflMo  of  tbu  nasal  artery ;  r^. 
with  ibo  MHboinlan  gloiwU;  VT  S.  B,  %  9, 10.  lnebiymoJ 
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-i  t>.i .  ^^  *^  {K»»te]ior  suriJiM  of  the  ^^feUdHt 
:ts;  11,  opentDga  of  the  librhrymal  duclia. 


Tile  apparatus  by  which  the  excess  of  tears  is  conducted  into  the  nose  begins  by  tw<* 
little  points,  situated  on  the  margin  of  the  upper  and  the  lower  lid,  near  the  inner  canthus, 
called  tlie  ptmcta  lacrymalijv,  which  present  each  a  minute  orifice.  These  orifices  open 
respectively  into  the  upper  and  the  lower  lachrymal  canals,  which  together  surround  the 
carODcala  lacrymalis.  At  the  inner  antrle.  just  beyond  the  carnncula,  the  two  canals 
join,  to  empty  into  the  lachrymal  sac,  which  is  the  diluted  upper  extremity  of  the  nasal 
daot.  The  duct  is  about  half  an  inch  in  length  and  emptiea  into  the  inferior  meatus  of  the 
nose,  taking  a  direction  nearly  vertical,  and  inclined  slightly  outward  and  backward.    This 
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portion  of  the  lachrymal  apparfltus  is  fibrous  and  ia  lined  by  a  reddish  mucoua  meml) 
which  presents  sevc^ral  well-marked  folds.     Near  the  pancta,  are  two  foldg,  one  for  ejicj 
lachrymal  canal.     Another  pair  of  folds  exists  near  the  horizontal  portions  of  the  cii 
At  the  (iponiag  of  the  duct  into  the  nose^  la  an  overlianging  fold  of  the  oaeal  moc 
membrane.     These  folds  are  supposed  to  prevent  the  retiui  of  fluid  from  the  laohrynii 
canals  and  the  entrance  of  air  I'rom  th<?  nose.     The  mucous  membrane  of  tlic  lAchrjmall 
canals  i?*  covered  by  a  flattened  epithuliimi,  like  that  of  the  conjunctiva.     The  laohrymitll 
sac  and  duct  are  hned  by  a  continuation  of  the  ciliated  epithelium  of  the  nose*     The  diM-J 
position  of  the  ap[iaratu»  just  descrihed  b  «hown  in  Fig,  257* 

Thfi  Tetirs, — The  eecretiun  of  the  lachrym.il  glands  ia  constant,  although  the  quantity « 
fluid  maybe  increased  under  various  conditions.     The  nttual  amount  of  the  secretion  1 

never  been  estimated.  During  sleep  it  is  much  diminish©*!; 
and,  when  the  eyes  are  open,  the  quantity  is  jugt  fiuflickmtl 
moisten  the  eyeball,  the  excess  being  carried  into  the  nose  4o1 
gradually  that  this  process  is  not  appreciated.  That  thl^  drain* 
age  uf  the  excess  of  tears  takes  ploce  is  shown  by  cases  of  ob- 
struction of  the  naaiil  duct,  when  the  liquid  constantly  over- 
flows upon  the  cheek.^T  prodming  considerable  inconvenience. 

The  mechanism  of  the  action  of  the  excretory  lachrymal  J 
apparatus  is  quite  oimple^  thongb  it  has  boon  the  snbjeet  of  i 
good  deal  of  discussion.  It  is  probable  that  the  opening?  ; 
the  puncta  lacrymalia  take  up  the  liquid  like  delicate  pipette^;,] 
this  action  being  aided  by  the  movements  in  winking,  hj\ 
whicL,  when  the  lids  are  closed,  the  points  are' compressed  natll 
turned  backward,  opening  and  drawing  in  the  tears  when  tlie  1 
lids  are  opened.  It  is  possible  that  the  lachrymal  sac  is  rcmi- J 
pressed  in  the  act  of  winking,  by  the  contractions  of  the  muudd  J 
of  Horner,  and  that  tliis,  while  it  empties  the  sac,  may,  In  thai 
subsequent  relaxation,  assist  the  introduction  of  liquid  from  tlit  j 
orbit. 

We  know  very  little  witli  regard  to  the  chemioal  eontpo- 
sition  of  tlie  tears,  l^eyond  the  analysis  made  many  yeart  igo 
by  Frerichi?.  According  to  this  observer,  the  following  is  the  composition  of  tlie  iaeb 
mal  secretion : 
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Tlje  specific  gravity  of  the  tears  has  never  been  ascertained*  The  liquid  is  peHVcU/ 
clear,  cidorloss,  of  a  saltish  tasto  and  a  feebly  alkaline  reaction.     The  allv  n  Is 

the  table  is  culled  by  aomo  atithors,  laclirymine,  thrtenine,  or  dacryoline.      I  lUce, 

whatever  it  may  be  called,  resemblea  niueus  in  many  regards  and  is  probably  fcc!n'ted  hr 
the  conjunctiva  and  not  by  the  lachrymal  glnnd<^.  It  differs  from  ordinary  nmcos  in  bciag 
ooagulaled  by  water. 

The  secretion  of  tears  is  readily  influenced  through  the  nervous  systetn,    Afid^  froo 
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the  increased  flow  of  this  secretion  from  emotional  canses,  which  probably  operate  through 
the  sympathetic,  a  hypersecretion  almost  immediately  follows  irritation  of  the  mucous 
membrane  of  the  coiyunctiva  or  of  the  nose.  The  same  result  follows  violent  muscular 
effort,  laughing,  coughing,  sneezing,  etc.  The  secretion  of  tears  under  stimulation  of  the 
mucous  membrane  is  reflex. 


CHAPTER    XXV. 

AUDITIOX. 

Fhjsiolo^cal  Anatomy  of  the  auditory  nerres— General  properties  of  the  auditory  nerves— Topographical  anatomy 
of  the  parts  ^scntial  to  the  appreciation  of  sound— The  external  ear — General  arrangement  of  the  parts  comi>osin^ 
the  middle  ear— Anatomy  of  the  tympanum— Arrangement  of  tho  ossicles  of  the  ear^Muscles  of  the  middle  ear 
—Mastoid  cells— Eustachian  tube — Muscles  of  tho  Eustachian  tube— Mucous  membrane  of  the  middle  ear  and  of 
the  Eustachian  tube— General  arrangement  of  the  bony  labyrinth— Laws  of  sonorous  ribrations— Noise  and  mosi- 
cal  sounds — Intensity,  pitch,  and  quality  of  musical  sounds — Musical  scale — Harmonics,  or  overtones— Resonators 
of  Helmholtz— Resultant  tones— Summation  tones — Harmony— Discord— Tones  by  influence  (consonance)— Uses 
of  different  parts  of  the  auditory  apparatus— Uses  of  the  external  <»r— Structure  of  the  membrana  tympani— Uses 
of  the  membrana  tympani — Vibrations  of  the  membrane  by  influence — Appreciation  of  the  pitch  of  tones— Mech- 
anism of  the  ossicles  of  the  ear— Physiological  anatomy  of  the  Internal  ear— General  arrangement  of  the  mem- 
branous labyrinth— Vestibule— Semichxrular  canals— Cochlea— Liquids  of  the  labyrinth— Distribution  of  nerves  in 
the  cochlea— Organ  of  Corti— Functions  of  different  part.s  of  the  internal  ear^Functions  of  tlie  semicircular  canals 
— Functions  of  tho  parts  contained  in  the  cochlea — Summary  of  the  mechanism  of  audition. 

The  general  considerations  introductory  to  the  study  of  vision  are  equally  applicable 
to  the  physiology  of  hearing.  The  impressions  of  sound  are  conveyed  to  the  brain  by 
special  nerves ;  but,  in  order  that  these  impressions  shall  reach  these  nerves  so  as  to  be 
properly  appreciated,  a  complex  accessory  appai^atus  is  required,  the  integrity  of  which  is 
essential  to  perfect  audition.  The  study  of  the  arrangement  and  action  of  these  accessory 
parts  is  even  more  important  and  is  far  more  intricate  than  the  physiology  of  the  auditory 
nerves.  The  latter  simply  convey  the  impressions  to  the  brain,  by  a  mechanism  analogous 
to  that  of  general  nervous  conduction,  the  essential  character  of  which  is  not  fully  under- 
stood. The  auditory  nerves  conduct  impressions  of  sound,  as  the  optic  nerves  conduct 
impressions  of  light;  and  this  statement  expresses  the  extent  of  our  positive  knowledge; 
but  there  is  an  elaborate  apparatus  by  which  the  waves  are  collected,  conveyed  to  a 
membrane  capable  of  vibration,  and  finally  carried  to  the  nerves,  by  which  we  are  enabled 
to  appreciate  the  intensity  and  the  varied  qualities  of  sound. 

Our  positive  and  definite  knowledge  of  the  structure  and  arrangement  of  the  auditory 
apparatus  is  by  no  means  so  complete  as  it  is  with  regard  to  the  eye,  nor  do  we  as  yet 
understand  so  clearly  the  physiological  relations  of  many  points  developed  by  late  ana- 
tomical researches ;  and,  for  this  reason,  it  docs  not  seem  desirable  to  consider  the  struct- 
ure of  the  ear  as  fully  as  we  have  the  anatomy  of  the  eye,  restricting  ourselves,  as  wo 
have  done,  to  the  physiological  anatomy  of  parts.  With  this  end  in  view,  we  shall  take 
up  fully  the  following  points : 

1.  The  physiological  anatomy  and  the  general  properties  of  the  auditory  nerves. 

2.  The  physiological  anatomy  of  the  parts  essential  to  the  correct  appreciation  of 
sound. 

8.  The  laws  of  the  propagation  of  sonorous  vibrations,  as  far  as  they  are  applicable 
to  audition. 

4.  The  physiological  action  of  different  parts  of  tho  auditory  apparatus. 

Phynxolagical  Anatomy  of  the  A  udltory  Nertes, — The  auditory  nerve  constitutes  the 
portio  mollis  of  the  seventh  pair  of  "Willis.  The  origin  of  this  nerve  can  easily  be  traced 
to  the  floor  of  the  fourth  ventricle,  where  it  presents  two  roots.    The  external,  or  super- 
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ficial  root,  flometimes  called  the  posterior  root,  can  be  seen  HBuallj  witlaoiit  preparmtion 
This  consists  of  from  five  to  seven  gmvish  filaments,  which  decussate  in  the  median  Ibi 
and  [nis^  outward,  winding  from  the  loiirth  ventricle  around  the  restifonn  b^jdj .     TlK 
deej)  root  consists  of  numerous  distinct  filaments,  arising  from  the  gray  matter  of 
fourth  ventricle,  two  or  three  of  which  pass  to  the  median  line  to  decussate  with  cor 
sponding  filaments  from  the  opposite  side.     This  root  x^as^s  around  the  rcstiforni  UkIjI 
inward,  so  that  this  portion  of  the  medulla  is  encircled,  as  it  were,  hj  the  two  rooti 
Passing'  from  the  superior  and  lateral  portion  of  the  medulla  oblongata,  the  trnnk  of  tli 
nerve  i,^  applied  to  the  superior  and  anterior  surface  of  the  faciaL     It  then  passes  anjondi| 
the  middle  peduncle  of  the  cerebellum,  and  receives  a  process  from  the  arachnoid  men 
brane,  which  envelops  it  in  a  common  sheath  with  the  facial.     It  then  penetrates  th 
internid  auditory  meatus.     In  its  course,  it  receives  filaments  from  the  restiform  l>od|^l 
and  possibly  from  the  pons  Varolii,     IV'ithin  the  meatus,  the  nerve  divider  into  an  ant* 
rior  and  a  jM>8torior  branch,  the  anterior  being  distributed  to  the  cochlc^ii,  and  tlte  po«t«-1 
rior,  t<j  the  vestibule  antl  semicircular  canals.     The  distribution  of  these  branches  will  baj 
fully  described  in  conuectiou  with  the  anatomy  of  the  internal  ear. 

The  color  of  the  auditory  nerves  is  grayish,  and  their  consistence  m  eoft,  thus  differ 
from  the  ordinary  cerebro- spinal  nerves,  and  resembling,  to  a  certain  extent,  the  othwi 
nerves  of  special  sense.     On  the  external,  or  superficial  root,  is  a  small  gangliofonu  cn-^ 
Jargement^  oontaining  fusiform  nerve-cells.     According  t^)  tlie  latest  researches,  the  tU 
ment«  of  the  trunk  of  this  nerve  consist  of  very  large  axis-cylinderss  surrounded  Uy  i1 
medullary  sheath,  but  having  no  tubular  membrane.     In  t!ie  course  of  these  fibres,  Hi  J 
found  timall,  nucleated  ganglionic  enlargements. 


General  Propertiu  of  the  Auditori/  Nerves, — There  can  be  no  doubt,  as  rega 
portjo  mollis  of  tbe  seventh,  tlmt  it  is  the  only  nerve  capable  of  receiving  and  com 
to  the  brain  the  special  impressions  produced  by  waves  of  sound;  but  it  is  an  intere«tin|| 
question  to  determine,  whether  this  nerve  be  endowed  also  with  general  &en«biliiy.J 
Analogy  with  most  of  the  other  nerves  of  special  sense  would  indicate  that  the  auditor; 
nerves  are  insensible  to  ordinary  impressions;  and  this  view  is  anatainod  by  direct  experi 
ments,  made  many  years  ago. 

The  phenomena  observed  during  the  passage  of  galvanic  currents  throagb  the  sudi^j 
tory  nerves  have,  of  late  years,  been  the  snV>ji!ct  of  much  discui^ion.     The  old  ex|>critD« 
of  Volta,  which  wa«  almost  immediate? ly  confirmed  by  Kitter,  is  ^uflicieDtly  familiar  and 
is  often  quoted  aa  showing  that  galvanic  stimulation  of  these  nerves  produces  a  d«niatioB 
of  sound;  but  the  facts  ascertained  leave  room  for  doubt  with  regard  to  the  precise  iXKid* 
of  action  of  the  current.     A  careful  study  of  recent  observations  upon  this  point  reoihfi  j 
the  question  even  more  obscure  ;  but,  from  a  purely  [physiological  point  of  view,  wehavtl 
only  to  do  with  the  efi*ects  of  stimulating  the  auditory  nerves  in  health.     Leaving  tb#] 
therapeutic  and  diagnostic  uses  of  galvanism  out  of  the  question,  we  find  that  tbervi*] 
consiilcrablo  uncertainty  with  regard  to  the  fact  of  direct  stimulation  of  the  audttonrJ 
nerves,  in  the  recent  experiments  witli  the  galvanic  current.     Brenner  observed  stro&f  1 
aensations  of  s<:>und  with  one  of  the  poles  of  a  battery  in  the  auditory  passage  filled  w\lh 
water  and  the  other  connected  with  ditferent  parts  of  the  bo<ly.     When  the  cathode  wii 
placed  in  the  ear,  the  sound  was  heard  at  the  making  of  the  current.     With  the  aiKMie  id 
the  ear,  there   was  no  sound  at  the  making  of  the  current  or  during  its  pasf<ag«^  butt  i 
alight  sound  was  heard  at  the  breaking  of  the  current*     These  phenoracna  closely  i 
ble  those  produced  by  the  galvanic  current  applied  to  ordinary  motor  nerves,  infofi* 
ns  the  action  seemed  to  be  roost  vigorous  at  the  making  of  the  circuit,  wntii  tlie  direct 
current,   and   at  tbe  breaking  of  the  circuit,  with  the  inverse  current;    for,  mhm  ^ 
cathcKle  is  placed  in  the  ear,  the  current  is  direct,  fdlowing  the  course  of  tho  niSTTtlpooi 
tlie  centre  to  the  periphery,  and  tfiVtf  ter»n.     Without  following  out  the  dlscusaion  of  llii» 
question  in  detail,  it  seems  only  necessary  to  study  the  very  clear  and  satisfactory  «sp^' 
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menu  of  Wroden,  to  become  coDvinued  tliat  the  subjectivo  auditorj  pbenomena,  attrib- 
nt4?d  by  Brennor  and  otbers  to  irritation  of  tbe  auditory  nerves^  are  due  to  contraction 
of*  tht*  nmack's  of  tbe  miildle  ear,  particularly  the  stapedius.  The  facta,  clinical  and  ex- 
perimental, upon  which  this  view  is  based,  are  the  iuUowiug:  In  cases  of  clonic  spasm  of 
tbe  stiipodius,  sisnsations  of  feound  have  been  obscrvLd,  exactly  like  tho«*e  produced  bj  an 
induced  current  In  vmes  of  complete  facial  paralysiB  from  otitis,  in  which  paralysis  of 
be  mulitorj  nerve  could  be  positively  excluded,  it  was  not  po^iblc  to  produce  bubjective 
iitory  sensations,  oven  by  powerful  galvanization  by  a  catht^ter  pa.'^aed  tiirough  the 
cbiun  tube  into  the  tympanic  cavity,  or  l>y  the  external  Lueatuii,  In  adilition»  thero 
ird  atber  wcll-established  clinical  obi^rvations,  mentioned  by  VVreden,  which  sustain  the 
theory  of  mtiscular  contraction  and  are  opposed  to  the  idea  of  direct  stimalation  of  the 
auditory  nerves. 

The  tacts  just  stated  show  that  there  is  no  positive  eridenoe  of  the  production  of  im> 
pressious  of  sound  by  galvanic  stimulation  of  the  auditory  nerves;  while  it  appears  from 
experiments,  tbat  these  nerves  are  not  endowed  with  general  sensibility.  The  result^?, 
then,  as  regards  the  auditory  nerves,  arc  simply  neiJ^ative.  Were  it  possible  to  subject 
these  nerves  to  mechanical  or  galvanic  stimulation,  in  the  human  subject,  without  involv- 
ing other  parts,  we  might  arrive  at  some  definite  conclusion ;  but  the  difficulties  in  the 
way  of  such  an  experiment,  it  must  be  admitted,  have  thus  tiir  proved  insurmountable. 

Topographical  Anatomy  of  the  Parts  essential  to  the  Appreciation  of  Sound. 

Perfect  audition  requires  the  anatomical  integrity  of  a  very  complex  apparatus,  which, 
for  convenience  of  anatomical  description,  may  be  divided  into  the  external,  middk%  and 
rnal  ear.     A  correct  appreciation  of  the  physiology  of  these  parts  demands,  as  a  necea^ 
preparation,  a  knowledge  of  their  physiological  anatoioy: 

1.  The  j&xtemid  ear  includes  the  pinna  and  the  external  auditory  meatus,  which  is 
closed  internally  by  the  merabrana  tyrapani. 

2.  The  middle  ear  includes  the  cavity  of  the  tympanum,  or  dram,  with  its  boundaries. 
The  parts  here  to  be  described  are,  the  mcmbrana  tjrapani,  the  tbrm  of  the  tympanic 
cavity,  its  openings,  its  lining  membrane,  aod  the  small  hones  of  the  ear,  or  ossicles,  with 
their  Uganienta,  muscles,  and  nerves.  The  cavity  of  tlie  tympanum  communicates,  by 
th«  Enstaohian  tube,  with  tlie  pliaryux  and  also  presenti*  openings  into  the  mastoid  cells. 

3.  The  internal  ear  contains  the  terminal  filaments  of  the  auditory  nerve.  It  includes 
the  vestibule,  the  three  semicircular  i-anals,  find  the  cochlea,  which  together  form  the 
labyrinth. 

TJie  pinna  and  the  external  meatus  simply  conduct  the  waves  of  sound  to  the  tyra- 
pannro.  The  parts  enterin*^  into  the  Htrncture  of  the  middle  ear  are  accessory,  and  are 
logout  in  their  functions  to  the  refracting  media  of  the  eye.     Stractares  contained 

the  labyrinth  constitute  the  true  sensory  organ  ;  and  these  bear  the  same  relations  to 
the  auditory  apparatus  as  the  retina  to  the  eye. 


put 


The  External  ^ctr.^It  is  hardly  necessary  to  our  purpose  to  describe  very  minutely 
the  external  ear.  The  pinna,  or  auricle  is  that  portion  projecting  from  the  head,  which 
first  receives  the  waves  of  sound.  Beginning  extemallj^,  we  have  the  helix,  which  is  the 
oilter  ridge  of  the  pinna-  Just  within  this,  is  a  groove,  called  the  fossa  of  the  helix.  This 
fosM  15  bounded  anteriorly  hy  a  prominent  but  shorter  ridge,  caDed  the  antihelix ;  and 
aT>ove  tbe  concha,  between  the  superior  j'ortion  of  the  antihelix  and  the  anterior  portion 
of  the  helix,  is  a  shallow  fossa,  called  tlie  fossa  of  the  antihelix.  The  deep  fossa,  imme- 
diately surrounding  the  opening  of  the  meatus,  is  called  the  concha.  A  small  lobe  pro- 
jects posteriorly,  covering  the  anterior  portion  of  tlie  concha,  which  is  called  the  tragus; 
and  the  projection  at  the  lower  extremity  <»f  the  antihelix  is  called  the  antitragus.    Tha 

ti  di(peiideDt  portion  of  the  pinna  is  called  the  lobule  of  the  car. 
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The  form  of  tbe  pinna  and  its  consistence  depend  apon  the  presence  of  fibro>cartila 
wtiicb  occupies  the  whole  of  tlie  exteroal  ear  except  tbe  lobule.     This  structare  hgi 
already  been  described  in  another  chapter. 

Tbe  integnment  covering  the  ear  does  not  vary  mucb  from  tbe  integnment  of 
general  flnrfaee.     It  is  tbiu,  clo&ely  attached  to  tbe  subjacent  parts,  and  iiosMflsei  ami 
rudimentary  hairs,  with  sudoriparous  and  sebaceous  glands. 

The  muscles  of  tbe  eai  are  not  important  in  tbe  human  subject ;  and,  exclndlng  i 
few  exceptional  eases,  tbey  are  not  under  tbe  control  of  tbe  will.  Tbe  extrinsic  mnaelM 
are  the  superior,  or  attollens,  the  anterior,  or  attrahens,  and  the  posterior,  or  retrabess 
ftureni.  In  addition,  there  are  tbe  six  small  intrinsic  muscles,  situated  between  tbe  ndg«« 
upon  the  cartilaginous  surface.  The  pinna  Is  attached  to  tbe  sides  of  tbe  bead  by  ti 
distinct  ligaments  and  a  few  delicate  ligamentous  fibr«8. 

The  external  auditory  meatus  is  about  an  inch  and  a  quarter  in  length  and  extend 
from  the  concha  to  the  merabrana  tynipani.     Its  course  is  somewhat  tortuous.     Pa 
from  without  inward,  its  direction  is  at  first  somewhat  upwartl,  turning  abruptly  over  i 
bony  prominence  near  the  middle,  from  which  it  lias  a  slightly  downward  direction  ta| 
the  membraua  tympani.    Its  general  course  is  Irom  without  inward  and  sli^'htly  forwa 
The  inner  termtnation  of  the  canal  is  the  menihrana  tympani,  which  is  quite  nbUquc,  tbt 
upper  portion  being  inclined  outward,  so  that  the  inferior  wall  of  the  meatns^  i$  coniid«< 
erably  longer  tlian  the  superior. 

The  walls  of  the  external  meatus  are  partly  cartilaginous  and  fibrous,  and  partly  booy.^ 
The  cartilaginous  and  fibrous  portion  occupies  a  little  less  than  one-half  of  tbe  entifi 
length  and  consists  of  a  continuation  of  the  cartilage  of  the  pinna,  with  fibrous  1 
About  the  lower  two-tbirds  of  this  portion  of  the  canal  is  cartilaginoua,  tbe  upper 
being  fibrous.     The  rest  of  the  tube  is  os&eous  and  is  a  httle  longer  and  narrower  thus 
the  cartilaginous  portion.     Around  the  inner  extremity  of  tbe  canal,  with  tbe  exci;pttoa 
of  its  superior  portion,  is  a  narrow  groove,  which  receives  the  greater  portion  of  ibtfl 
margin  of  the  membraua  tympani.  ™ 

The  skin  of  the  external  meatus  is  continuous  with  the  integument  eorering  ih^ 
pinna.     It  is  very  delicate,  becoming  thinner  from  without  inward.     In  tbe  osseous  pst-  j 
tion,  it  adheres  very  closely  to  tbe  periosteum,  and,  at   the  bottom  of  the  canal,  it  ! 
reflected  over  the  membrana  tympani,  forming  its  outer  layer.     In  the  cartilaginous  ta<lj 
fibrous  portion,  are  numerous  short,  stiff  hairs,  with  sebaceous  glands  attached  to  Ibti 
follicles,  and  the  coiled  tubes  knr>wn  as  the  ceruminous  glands.     The  structure  of  thmn 
glands  and  the  properties  and  composition  of  the  cerumen  have  already  been  dc 
under  tbe  bead  of  secretion. 


itiifl 
tailfl 

lc«cr^^ 


General  Arrangement  of  the  ParU  eompantig  the  Middle  JE4»r.— Without  a  very  elabo- 
rate and  minute  anatomical  description,  folly  i11ustrat{.'d  by  {dates,  it  is  difficult  to  give  s 
clear  idea  of  the  structure  and  relations  of  tbe  very  complex  apparatus  of  the  middle  and 
the  internal  ear.  Such  a  minute  and  purely  anatomical  description  would  be  out  of 
place  in  this  work,  where  it  is  desired  only  to  give  such  an  account  of  the  anatomy  m 
will  enable  the  student  to  comprehend  the  physiology  of  the  ear^  re!*erving  for  spvctil 
description  certain  of  the  most  important  structures.  In  bednning  the  difficult  ta^k  of 
describing  the  physiological  anatomy  of  the  middle  and  internal  ear,  it  will  be  conv«ni«il 
to  give  a  general  outline  of  tbe  different  parts,  with  their  names.  Tbis^  with  a  careftrl 
study  of  Figs.  258,  259,  200,  and  261,  can  hardly  fail  to  greatly  fadlitat«  the  closer  in- 
vestigation of  the  more  important  structures. 

The  arrangement  of  the  parts  constituting  tbe  citemal  ear  is  sufficiently  simplf*  Tb* 
middle  ear  presents  a  narrow  cavity  (Fig.  258,  11),  of  irregular  shape,  situated 
tbe  external  ear  and  the  labyrinth,  in  the  substance  of  the  temporal  bone*  The  gfiertl 
arrangement  of  its  parts  is  shown  in  Fig.  258.  The  outer  wall  of  the  tympanic  cavity  ii 
formed  by  the  membrana  tympani  (Fig.  258,  6),    This  membrane  is  co&cave,  iu  ammf* 
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ity  looking  ootwafd,  and  obllqtie,  incUning  usually  at  an  angle  of  forty -five  degrees  with 
the  i>erpendiciilar.  This  angle,  how^over,  varies  considerably  in  different  individualB. 
Th©  roul'  is  formed  by  un  exceedingly  thin  plate  of  bone.  The  floor  is  bony  and  is  much 
narrower  than  the  roof.  The  inner  wall  separating  the  tympanic  cavity  from  the  laby- 
rinth, is  irregular,  presenting  several  small  elevations  and  foramina.  The  fenestra  ovalia, 
an  ovoid  opening  near  its  upper  portion,  leads  to  the  cavity  of  the  vestibule.    This  is 


i^Ul 


20L< 


i;  J,  favtTy  or  the  •'•nitj'hfi,  on  th« 

form 

mwuf  .    ;.  .  !  .   ':'■'■ 

h.    IM.^II      n^    ,     M.     I,    ,1      ,1,      ,, 


f  the  or^an  «]/  A«arto(^.    (Sifvpej.) 

it  an   Aetus  iTic  orlflo«a  of  a  great  number  of  eobAeAoiig  glaodt; 

V  X\w  tmiou  of  Ui«  ftoterior  portion  of  tbe  cofichii 

lo  ct^ruinlnotifl  gliuidB*  tb«  luost  lute nuLt  of  which 

1  iln-  o!'!'*  ou*-  fjortlnD  of  the  fxtcmtJ  rafiatott;  fi^ 

I  iH>r  [M^rtkui  of  tho  Ineus; 

:  ympanf,  wbkh  It  dtsws 

n  of  whkh  la  reHeetod  at 

•  u^;  11,  tympuile  cartty ;  12; 

e4bja  Aootloo  ]iirpeiialcul«r 

idf  external  etnatdrcular  caaat, 

iKxve;  13,  large  ffotrrisiil  l.rfi,nt%  givea  olT  fhom  the  gancikt- 

(Jie  cochl^  Ui  t^  (o  Ita  difltrtbatloD ;  30,  T«»Ubitlar  bmocn  of 

Utorj  iu!rv«. 


J,  in  the  nnturid  state,  by  the  base  of  the  stapes  and  its  annular  ligament.  Below, 
b  $k  tmaller,  ovoid  ojiening,  the  fenestra  rotunda,  which  leads  to  the  cochlea.  This  is 
closed,  in  tlie  natural  state,  by  a  membrane,  called  the  secondary  mcmbrana  tympani. 
Id  addition,  the  posterior  wall  presents  several  suiall  foramina  leading  to  the  mastoid 
Cfllla,  which  are  hned  by  a  continuation  of  the  raucouii  membrane  of  the  tympanic 
cavity.  The  tympanic  cavity  also  presents  an  opening  leading  to  the  Eustachian  tube, 
and  a  small  foramen,  which  gives  passage  to  the  tendon  of  the  stapedius  muscle.  The 
Eustachian  tube  extends  from  the  upper  part  of  the  pharynx  to  the  tympanum, 

Tlie  ismall  bones  of  the  ear  are  three  in  number;  the  incus,  tlic  malleus,  and  tho 
es,  forming  a  cliain,  connected  together  by  ligaments  (Tig,  259).  Theae  bones  are 
ttted  in  the  upper  part  of  the  tympanic  cavity.  Tho  handle  of  the  malleus  (A,  2, 
J.  251»;  ia  closely  attached  to  the  membrana  tympani,  and  the  long  proc^esa  (A,  3,  Fig. 
D)  is  attached  to  the  Glasserian  fissure  of  th©  temporal  bone.  The  malleus  is  articu- 
lated with  the  incus.  Tlie  incus  {B,  Fig.  359)  is  connected  with  the  posterior  wall 
of  the  tympanic  cavity,  near  the  openings  of  the  mastoid  cells.  It  is  articulated  with 
tlie  malleus,  and,  by  the  extremity  of  its  long  process  (B,  2,  Fig.  259),  with  the  stapes. 
The  stapes  (G,  Fig.  259)  is  tho  most  internal  bone  of  the  middle  ear.     It  is  articulated 
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by  its  imaller  extremity  with  the  lon^  process  of  the  incus,     lU  hase  is  oval  {C\  Tig 
259)  and»  with  its  annular  ligamentf  is  applied  to  the  ft'nestru  oralis,    Tljtt  direction 

^  the  stapes  is  nearly  at  a  right  angle  with  tii 

long  proocss  of  the  inous  in  the  trntaral  e»tat( 

(8,  Fig,  260). 

<^%f  ,    ^^  There  nre  throe  weD-defined  mnscles 

fmPt  /X^^<.  neeted  with  the  middle  ear.    Of  tbese^  two  \ 

t^^^^V^  ^       2'\  attached  to  the  malleus,  and  one,  to  the  etap 

^"^  The  largest  of  the  three  muscles  is  the  tens^il 

tympani,  railed  souietinies  the  internal  luoAth 
of  the  malleus.     Its  fibres  aritje  from  the  earti-- 
laginou^  portion  of  the  EuBtaehian  tube,  th<| 
spinous  procesa  of  the  sphenoid  bone,  and  tli«  | 
adjacent  portion  of  the  temporal.     From  tbiij 
ongin,  it  passes  backward,  almost  horizoniAlJjTt  I 
to  the  tympanic  cavity.     In  front  of  the  fcnrs-  ] 
tra  ovalis,  it  turns,  nearly  at  a  right  angle,  over  j 
a  buny  process,  and  its  tendon  is  inseTt<Mi  iatttj 
the  handle  of  the  malJous  at  its  inn^  suHiici  ] 
near  the  root.     The  tendon  is  very  deli(!at<v| 
and  the  muscular  portion  is  about  half  an  inob  | 
iu  length  (10,  Fig.  258).    The  muscle  and  itij 
tendon  are  enclosed  in  a  distinct  Bbrous  abeath.  | 
The  action  of  this  muscle  is  Ui  draw  the  handle  ■ 
of  the  malleus  inward,  pressing  the  base  of  th* 
stapes  against  the  membrane  of  the  fenestra  ovaliH  and  producing  tension  of  the  infiQ- 
hrana  tympani.     The  fibres  of  this,  and  of  aU  the  muscles  of  the  middle  ear,  are  of  the 
striated  variety.     The  tensor  tympani  is  supplied  with  motor  filaments  from  the  olJc 
ganglion,  which  are  probably  derived  from  the  facial  nerve. 


7f0.  SOO.^OttiflJtet  fjftke  tympanum  o/ 1/^  Hffht 
aide ;  magnifiw  ^  dAamtt^'a.    (Arnold,) 

A^  RiftlletiB;  1,  {t«  het&d;  2,  th«  haDdlo;  3,  1or|;«  or 
elendo^r  proceed ;  4,  Abort  prucaii:  B,  incut;  1^  Ua 
hodf ;  %  th«  bng  process  vrJtii  tii«  orbicul'ir  pro- 
ceaa;  8,  Abort,  or  posterior  proctud;  4,  articular 
aurikce  recelvtog  the  brwd  of  the  nuUlcus ;  t\ 
stapes;  1,  bead;  t,  poaterior  cru»;  3,  luitfrloF 
cru» ;  4,  bss« :  C*,  bsM  of  tha  atsped ;  D,  tUc  thrtx^ 
booes  ta  tbulr  luitani  connoctlon  as  »eeii  fhoio  the 
outaide ;  a^  mAiletiB :  5,  fncua ;  a,  stupes. 


fto,  MO.— 7%tf  rigki  Um/*otitl  bom,  th*  pttmmil  inyrtiim  rtmoeed,  ttfuntinff  t^  mH^Im  actfn/NMi 

ji  pbotflffmpli.     (KftdJnjriT.) 

4,  tbd  loetu^tbe abort  pro««saof  vrlilchb  {llrDrU>d  nearly  In  att  boHxonUl  din'rUon  backward;  n  lj}i»  l^jtitf  pfoeeisafai' 
liicoa,  free  In  tbe  tympuiU;  cnrMv,  srtlculntcKl  vr\th  tb^  sUix-a :  0,  tho  nudkus,  arUnilaiptl  with  Uie  laott,  I  ^ 
long  prooesa  of  tbo  malleaa  la  th«  Olaaseriati  fl«atm» ;  h,  tbr  nUpci,  ortlculaiad  with  the  in*-a»,  Tblift  It  irm^ 
ioraeiirbjit  oatwanl;  oibf»rwto^  tb«  h*M  of  th«  stapes  olooe  would  bo  visible.  Tbts  t^gfin  showv  tibf  teidto  m 
tbs  maUsas  attBchod  to  tbe  tnombniut  tympani. 

The  laxator  tympani,  the  external  muscle  of  the  malleus,  arises  from  tli©  9p\tMm  pro* 
cess  of  the  sphenoid  bone  and,  by  a  few  filaments,  from  the  cartikginoaa  portion  of  the 
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EufitJichmn  tube,  li  fiassea  backward,  throtigli  the  GlosMrian  fifsmirc,  to  be  inserted  into 
the  neck  of  the  lOttUeas,  being  enclosed,  in  its  eaurae,  in  a  fibrous  sbeatb.  The  kxator 
tjmpnjii  is  gt^ncrally  beliovcd  to  be  muaciUar,  though  some  authorities  deny  that  it  ia 
cuiuiiosed  of  trrjc  niuactilar  tibres-  Its  action  wuald  be  to  draw  the  lualleus  forward  and 
ontwani,  producing  rc4axation  of  the  membrirna  lympanL  It  h  not  definitely  known  from 
wlmt  nerve  tlji*i  inasolc  derives  its  mot<:)r  filaraent^. 

The  fltapodius  rntiiriole  \»  situated  in  tJ]e  deiicendiiig  portion  of  the  aqueductus  Fallopii 
and  in  tlio  cavity  of  the  pyramid  on  the  posterior  wall  of  tLe  tyn)|>anio  cavity.  Ita  ten- 
don emerges  from  a  foruraea  at  the  summit  of  the  pyramid.  In  the  canal  in  which  thi^ 
muscle  is  lodged,  iU  direction  is  upward  and  vertieal.  At  the  Bummit  of  the  pyramid^  it 
turns  at  nearly  a  right  angle^  ita  tendon  passing  horizontally  forward  to  be  atUiched  to 
the  head  of  the  stapes.  Like  the  other  muscles  of  the  ear,  this  is  enveloped  in  a  tibroiia 
sheath.  Its  action  is  to  draw  the  head  of  the  stapes  backward,  relaxing  the  membrana 
tympani.  Tliis  muselo  receives  filaments  from  the  facial  nerve  by  a  distinct  branch,  the 
tympanic. 

The  posterior  wall  of  the  tympanic  cavity  presents  several  foramina  wliicli  open 
directly  into  namcrons  irregularly -shaped  cavities,  communicating  freely  witii  each  other, 
in  th©  mastoid  process  of  the  temporal  bone.  These  are  called  the  mastoid  cells*  Thuy 
are  lined  by  a  continuation  of  the  nmcous  membrane  of  the  tympanum.  There  la,  under 
certain  conditions,  a  free  circulation  of  air  between  the  pharynx  and  the  cavity  of  the 
tympanum  through  the  Eustachian  tube,  and  from  the  tympanum  to  the  mastoid  cells. 

The  EtLstachiao  tube  (12,  Fig.  258)  is  partly  bony  and  partly  cartilaginous.  Following 
ite  direction  from  the  tympanic  cavity,  it  passes  forward,  inward,  and  slightly  downward. 
Its  entire  length  is  about  mi  inch  and  a  half.  Us  caliber  gradually  contracts  from  the 
tympanum  to  the  spine  of  the  sphenoid,  and  from  tliis  constricted  portion  it  gradually 
to  its  opening  into  the  pharynx,  the  entire  canal  presenting  the  appearance  of  two 

[OS.  Ttie  ossieoos  portion  extends  from  the  tyiopannm  to  the  spine  of  the  sphenoid  bone, 
e  cartilaginous  portion  is  an  irregularly  triangular  cartilage,  bent  npon  itself  above, 
forming  a  furrow,  witli  its  concavity  presenting  downward  and  outward.  The  tihrous 
portion  occupies  about  half  of  the  tube  beyond  tht;  oaseouH  portion,  lUid  completes  the 
eanah  forming  its  inferior  and  external  portion.  In  its  structure^  the  cartilage  of  tlie 
Eustachian  tube  is  intermediate  between  the  hyaline  and  the  fibro-csrtilage, 

Tlie  circomtlexua,  or  tensor  palati  muscle,  which  has  already  been  described  in  connec- 
tion  with  deglutition,  is  attached  to  the  anterior  margin,  or  tJie  hook  of  the  cartilage.  The 
attachments  of  this  muscle  have  lately  been  acom-ately  described  by  Rttdinger,  who  calls 
it  the  dilaU>r  of  the  tube.  The  following  excellent  summary  of  the  action  of  the  muscles 
upon  the  tube  is  taken  from  the  report  on  otology,  by  Dr.  J.  Omo  Green,  contained  in 
tlie  Traneactions  of  the  Americjm  Otological  Society,  1870: 

"The  tensor  palati  muscle  is  a  dilator  of  the  tube;  it  is  inserted  along  the  whole 
length  of  the  hook  of  the  cartilage,  passing  forward,  inward,  and  slightly  downward,  and 
its  fibres  spread  out  along  the  edge  of  the  soft  palate  and  on  the  side  of  the  pharynx.  In 
contracting,  it  draws  the  hook  of  the  cartilage  forward  and  a  little  downward,  thus  en- 
larging the  caliber  of  the  tnbc.  The  levator  palati  takes  its  origin  from  thu  temporal 
bone  just  below  the  osseous  tube,  and  passes  along  the  floor  of  the  tube,  some  of  its  fibres 
arising  frv>m  the  lower  end  of  the  cartihige;  it  is  inserted  in  the  uvula,  and,  in  contracting 
th<j  belly  of  the  muscle  whit  h  lies  along  the  tloor  of  the  tube,  becomes  thicker:  the  Hoor 
of  tho  tube  is  raisetl,  and  the  tibres  arising  from  the  cartihige  serve  to  draw  the  lower  end 
of  this  away  from  tlie  opposite  wall. 

**  The  palato-pharyngeus  rises  from  the  posterior  part  of  the  lower  end  of  the  cartilage, 
passes  backward,  and  is  inserted  on  the  posterior  wall  of  the  pharynx.  Its  action  would 
be  to  draw  the  posterior  wall  of  the  tube  backward ;  bot^  as  it  is  often  but  slightly  do- 
Teloped,  it  probably  only  serves  to  fix  the  cartilage,  so  that  the  other  muscles  can  act 
more  eifeetivelv. 
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**Tbe  opening  of  the  tube  is  thus  the  result  of  the  action  of  these  three  tiiuscleB: 
tensor  palati,  or  dilntor  tubEe^  draws  the  book  of  the  cartilage  outward^  the  cartilage 
becomes  less  curved  and  the  tube  is  widened;  the  levator  palati  in  contracting  beconnct 
more  horizontal^  and  draws  the  lower  end  of  the  cartilage  inward  and  upward,  UiUi 
enlarging  the  pharyngeal  orifice  more  than  3'".  As  soon  as  these  tuuscles  ceiso  Actia|^ 
the  elasticity  of  the  cartilage  restores  the  canal  to  its  former  condition.'* 

It  is  thus  that  the  action  of  certain  of  the  muscles  of  deglutition  dilates  the  pharjng^ 
opCQiDg  of  the  EuHtachian  tube.  If  we  close  the  mouth  and  nostrils  and  make  ^ve 
repeated  acts  of  deglutition^  we  draw  the  air  from  the  tympanic  cavity,  and  the  alirn 
pheric  pressure  renders  the  membrane  of  the  tympanum  tense,  increasing  its  concavity, 
By  one  or  two  lateral  movements  of  the  jaws,  we  open  the  tube,  tli©  pressure  of  air 
Cfjualizcd,  and  the  ear  returns  to  its  normal  condition.  The  nerves  animating  tb«  dibit 
tubie  cotne  from  the  pneumogastric  and  arc  derived  from  the  spinal  accessory. 

A  smooth  mucous  membrane  forms  a  continuous  lining  for  the  Eui^tachian  tii 
cavity  of  the  tympanum,  and  the  mastoid  cells.  In  all  parts,  it  is  closely  adherent 
subjacent  tifisnea,  and,  in  the  cavity  of  the  tympanum,  It  is  very  thin.  In  the  cartiiaj 
portion  of  the  Eustachian  tube,  there  are  numerous  mucous  glands,  which  are 
abundant  near  the  pharyngeal  orifice,  and  gradually  diminish  in  number  toward  t 
osseous  portion,  in  winch  there  are  no  glands.  Throughout  the  tube,  the  surface  of  lb 
mucous  membrane  is  covered  with  conoidal  cells  of  ciliated  epithelium.  The  mnconi! 
membrane  of  the  tympanic  cavity  is  very  thin,  consisting  of  little  more  than  *  : 
and  a  layer  of  connective  tissue.  It  lines  the  walls  of  the  cavity,  the  inner  suri- 
membrana  tympani,  is  prolonged  into  the  mastoid  cells,  and  covers  the  ossicles  and  tL« 
portions  of  the  muscles  and  tendons  which  pass  throujiTh  the  tympanum.  On  the  floor  o\ 
the  tympanic  cavity  and  on  its  anterior,  inner,  and  posterior  walls,  the  epithelinm  is  of 
the  conoidal,  ciliated  variety.  On  the  promontory,  roof,  ossicleiv  and  muscle^  the  ccIU 
are  of  the  pavement-variety  and  not  ciliated,  the  transition  from  one  form  to  the  other 
being  gradual.  The  entire  raucous  membrane  contains  numerous  lymphatics,  a  pfexni 
of  nerve-tibres  and  nerve-cells^  with  some  peculiar  cells,  the  physiology  of  which  b  not 
understood- 

We  have  thus  given  a  general  sketch  of  the  physiologtcal  anatomy^  of  the  middle  eir^ 
and  shall  not  find  it  necessary  to  treat  more  fully  of  the  cavity  of  the  tympantiin,  tit$ 
mastoid  cells,  or  the  Eustachian  tube,  except  as  regards  certain  points  in  their  physiolafj. 
The  minute  anatomy  of  the  membrana  tympani  and  the  articulations  of  the  oseideii  eta 
bo  more  conveniently  considered  in  connection  with  the  physiology  of  these  part«. 


General  Arrangemtnt  of  Ike  Bony  Ltthj/rinth.—Tho  internal  portion  of  the  aaditorf^ 
apparatus  is  contained  in  the  yjetrous  portion  of  the  temporal  bone.  It  conwsta  of  as 
irregular  cavity,  called  the  vestibule,  the  three  semieircular  canals  (13»  14,  15,  Fig.  258X 
and  the  cochlea  (16,  Fig.  238).  The  general  arrangement  of  these  parts  la  ntu  and  lb«tr 
relutiouB  to  the  adjacent  structures  are  sfiown  in  Fig.  268.  Fig.  261,  showing  the  bon,v 
labyrinth  isolated,  is  taken  from  the  henutiful  photograph  contained  in  Rtldinger^s  atla& 

The  vestibule  is  the  central  chamber  of  the  hibyrinth,  communicating  with  the  tympanic 
cavity  by  the  fenestra  ovalis,  which  is  closed  in  the  natural  state  by  the  base  of  the  aiap**^ 
This  is  the  central,  ovoid  opening  shown  in  Fig.  2tU.  The  inner  wall  of  the  veetitdf 
presents  a  small,  round  depression  (the  fovea  hemispberica)  [>erforate<l  by  numerooiamiH 
foramina,  through  which  pass  nervous  filaments  from  the  internal  auditi>ry  mcitii^ 
Behind  this  depression,  is  the  openinp  of  the  aqueduct  of  the  vestibule,  in  tlie  paterict 
wall  of  the  vestibule,  are  five  small,  round  openings  leading  to  the  semicircnlsr  enflii** 
with  a  larger  opening  below,  leading  to  the  cochlea. 

The  general  arrangement  of  the  semicircnlar  canals  is  &hown  In  Fig*  2^1  ((>,  7,  8»  ^ 
10,  11,  IS). 

The  arrangement  of  the  cochlea  (the  anterior  division  of  tlie  labyrinth)  is  ibcru  io 


i 
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Fig.  S61  (1,  Sf  4).  This  i8  a  spiral  oiuiaI,  about  an  ineh  and  a  half  long,  and  one-tenth  of 
an  inch  wtde  at  it^  canuueneenient^  gradually  tapering  to  tho  apex^  and  making,  in  it^ 
course,  two  aiid  a  half  Xutds,  Its  iDterior  pres^ents  a  central  pillar^  around  which  winds 
a  spiral  lamina  of  bone.  The  fenestra  rotunda  (2,  Fig.  2(11),  closed  in  the  natural  state 
bj  a  membrane  (the  secondary  mernbrana  tympanij,  lies  between  the  lower  portion  of  the 
cochL'a  and  the  eavitj  of  the  tyinpanuui. 


tl< — TA*  if/i  bony  labyrinth  af  a  iiew-horn  cMtd^  /oruur.j  mui  'tutwanl  vism,     Frwa  a,  photogrmpb. 

1,  tb»  wirtc  m&aV  the  bcrLtmln^  of  the  splnl  cftiul  of  tbe  cnobloA ;  %  Hie  Jbnostrt  rotnndA ;  8.  the  tooond  iam  of  the 
cochlea;  ^tbi*  final  nairtnrn  of  tbc  cochlea;  Q.  the  bantor  of  tht*  bony  wn)1  of  the  roatlbate,  sUtutcd  between  th« 
cochle*  tod  the  somlctiruliir  canat.N ;  6,  the  AiirMTtcir,  or  snji^ttiil  tKtintdrrular  cac&t;  7,  thi>  [Kirtlcvn  of  tbu  snporior 
seiiiiiclrcalarcsoal  b«Bl  outward ;  ■*,  tho  poitUTior,  or  traiwrera*  Memtclivuhir  caudI  ;  S»,  the  portUm  of  the  pcwterior 
eoRBected  witb  the  Biiperior  aotntolrculiu'  canftl;  10,  point  of  Juoctloa  of  the  6np«rlor  And  the  |ioftteriar  KcmlclroU' 
har  «anth  11,  tbo  ampulla  obma  externa;  Id.  the  horUootal,  or  extomal  Mmidrenju'  canal.  The  ejcpLaoatioii  of 
IhU  Figure  has  b«i<'n  tnodlfl€4  and  c^ndenMd  firom  BQdl]ig«r. 

Wliat  18  called  the  membranous  labyrinth  i«  contained  within  the  bonj  parts  just 
described.  Its  strnctiire,  and  the  id ti mate  distribution  nnd  connections  of  the  anditorj 
nerve,  which  penetrates  by  the  intonia!  auditory  meatus,  involve  aome  of  the  most  intri- 
cate and  difficult  points  in  tlie  whole  range  of  minute  anatomy.  Some  of  these  have 
direct  and  irnportiiut  relations  to  the  physiology  of  hearing,  while  many  are  of  purely 
utoniical  interest.  Such  facts  as  bear  directly  upon  physiology  will  be  considered  fiilly 
In  connection  with  the  functions  of  the  internal  ear. 


P/i^sic^  of  Sound. 

The  sketch  that  we  have  given  of  the  general  anatomical  arrangement  of  the  auditory 
ratns  conveys  an  idea  of  the  uses  of  the  different  parts  of  the  ear.  The  waves  of 
"•band  mast  be  transmitted  to  the  terminal  extremities  of  the  auditory  nerve  in  the 
labyrinth.  These  waves  are  collected  by  the  pinna,  are  conducted  to  the  mernbrana 
tympani  through  the  external  auditory  meatus,  produce  vibrations  of  the  mernbrana 
tympanif  are  conducted  by  the  chain  of  ossicles  to  the  openings  in  the  labyrinth,  and 
are  commanicated  through  the  fluids  of  tlie  labyrinth  to  the  ultimate  nerrooa  filaments. 
The  free  passage  of  air  through  the  externnJ  meat^as  and  the  communications  of  the  cavity 
of  the  tympanum  with  the  mastoid  cells,  and,  by  the  Eustachian  tube^  with  the  pharynx, 
are  neceasary  to  the  proper  vibration  of  the  mernbrana  tympani ;  the  integrity  of  the 
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ossided  and  of  tlieir  ligamenta  and  muscles  is  essential  to  the  proper  conduction  of  wtmi 
to  the  labynoth  ;  the  presence  of  liquid  in  the  labyrinth  is  a  condition  e^ential  t«  tha 
conduction  of  the  waves  to  the  filaments  of  distribution  of  the  auditory  nerre» ;  aiul, 
finally,  from  the  labyrinth,  the  nerves  pass  through  the  internal  auditory  meatus  to  tin 
brtiin,  where  the  auditory  impresdons  are  appreciated. 

Most  of  the  points  in  ticousticfj  which  are  essential  to  the  comprehension  of  the  phen- 
ology of  audition  are  delinitely  settled.  The  theories  of  the  propugation  of  sound  involvi 
wave-action,  concerning  which  there  isi  no  dilute  among  physicists.  For  the  conduc- 
tion of  Bound,  a  ponderable  DiediLiiu  is  essential ;  and  it  is  not  necessary,  a*  in  ilie  cttm 
of  the  undulatory  theory  of  light,  to  ayisume  the  existence  of  an  imponderable  ethtr. 
The  human  ear,  although  perhaps  not  so  acute  aa  the  auditory  apparatus  of  some  of  tht 
inlerior  animals,  not  only  appreciates  irregular  waves,  such  as  produce  noise  3»  distia- 
gtiished  from  sounds  called  musical,  but  is  capable  of  distinguighiug  regular  waves,  as  ia 
simple  musical  sounds,  and  hurtnonious  combinations. 

In  mu£iic,  certain  successions  of  regnlar  aonuds  are  agreeable  to  the  ear  and  constitotu 
what  we  call  melody.  Again,  we  are  able  to  appreciate,  not  only  the  intensity  of  sounr!\ 
both  noisy  and  musical,  but  we  recognize  pitch  and  different  qualities,  particularly  ia 
music.  Still  farther,  we  tSnd  that  musical  notes  may  be  resolved  into  certain  tnvariahla 
comfHment  parts,  sucii  as  tbe  octave,  tlie  third,  fifth,  etc.  These  components  of  vhil 
are  usually  supposed  to  be  simple  sounds — which  may  be  isolated  by  artificial  means  to 
be  dcs<^rlbed  farther  on — are  called  tones ;  while  the  sounds  themselves,  produced  by  tbfi 
union  of  the  ditrerent.  tones,  are  called  notes,  wJiich  may  theraselves  be  combined  to  torn 
chords. 

The  quality  of  musical  sounds  may  be  modified  by  the  slmnltaneooa  productian  4 
others  which  correspond  to  certain  of  the  components  of  the  predominating  note.  For 
example,  if  wo  add  to  a  single  note,  tbe  third,  fiftK  and  octave,  wc  produce  a  mtj*x 
chord,  tbe  sonnd  of  which  is  very  different  from  that  of  a  single  note  or  of  a  note  witJi 
its  octave.  If  we  diminish  tlie  third  by  a  semitone,  we  have  a  different  quality,  whicll 
is  peculiar  to  minor  chords.  In  this  way,  we  can  form  an  immense  variety  of  muiM^ 
sounds  upon  a  single  instrument,  as  the  piano.  And  still  iarther,  by  tbe  harmonleuf 
combinations  of  tbe  notes  of  different  instruments  and  of  different  registers  of  tKii 
human  voice,  as  in  grand  chorul  and  urchestral  compositions,  shades  of  efl'eet,  ahni 
innumerttl>le,  may  be  produced.  The  modification  of  tones  in  this  way  conetiUit^s  btr- 
mony  ;  and  un  educated  ear,  not  only  experieuces  pleasure  from  these  musical  cambifii- 
tions,  but  can  distinguish  their  different  component  parts. 

A  chord  may  convey  to  the  ear  the  sensation  of  completeness  in  itself  or  it  may  h»A 
*to  a  succession  of  notes  before  this  sense  of  completeness  is  attained.  Different  chordi 
of  the  some  key  may  be  made  to  follow  each  other,  or  we  may,  by  transition-noteD,  pi« 
to  tbe  chords  of  other  keys.  Each  key  has  its  fundamental  note,  and  the  transition  trm 
one  key  to  another,  in  order  to  be  agreeable  to  the  ear,  must  be  made  in  certain  wcU* 
defined  and  invariable  ways.  These  regular  transitions  constitute  modulation.  The  «r 
becomes  fatigued  by  long  successions  of  notes  always  in  one  key,  and  modulation  is  cfl«t- 
tial  to  the  eqjoyment  of  elaborate  musical  compositions ;  otherwise,  the  notes  wonkl  Mt 
only  become  monotonous,  but  their  correct  appreciation  would  be  irnpaired,  as  ibo  i|>- 
preciation  of  colors  becomes  less  distinct  after  looking  for  a  long  time  at  an  otject  Jfft- 
senting  a  single  vivid  tint. 


I 


Laws  of  Sonorous  Tlhrottona, 

As  we  have  already  remarked,  poond  is  produced  by  vibrations  in  a  ponderabltf  me- 
dium. The  sounds  ordinarily  heard  are  transmitted  to  the  ear  by  nieans  of  vihratiow 
of  the  atmosphere.  A  simple  and  vnry  common  illustration  of  this  fact  is  afford«t]  b? 
the  experiment  of  striking  a  bell  carefully  arrnnge4l  in  raeuo.  Although  the  stroke  jUi4 
the  vibration  can  readily  be  seen,  there  is  no  sound ;  and,  if  air  be  gradually  introdocvJ, 
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the  doiiDd  will  become  appreciable  and  progreedvelj  more  intense  as  the  gnrrooDding 
medium  is  increased  in  density. 

If  we  prcMluoe  a  single  sound,  or  shock,  in  a  free  atmosphere^  we  may  suppose  that 
the  wares  are  transmitt^^d  equally  in  ©very  direction ;  and  thia  is  aecompUshed  in  the 
followiog  manner:  An  imaginary  sphere  of  air  receives  an  impulse,  or  shock,  from  the 
body  which  pnxluces  the  sound.  This  sfiock  is,  in  its  turn,  oommuuicated  to  another 
spherical  stratum  of  air;  thi^  to  a  tLird^  and  &o  on.  The  elasticity  of  the  air^  however, 
prwluces  a  recoil  of  each  imaginary  sphere  of  air,  and  it  is  a  portion  of  the  lost  f»tratum 
which  strikes  the  tympanum,  throwing:  it  into  vibration.  If  hut  a  single  impulse  be 
given  to  the  air,  we  may  suppose  that  all  of  the  difterent  strata,  after  a  single  Obcillation, 
return  to  their  original  quiencent  condition.  The  first  stratum  re<?eives  the  shock,  and 
the  lost  communicates  the  shock  to  the  ear.  The  oscillations  of  sound,  prodticcd  in  this 
way,  are  to  and  fro  in  the  direction  of  the  line  of  conduction  and  are  S4ud  to  be  longi- 
tudinal. In  the  undulatory  theory  of  light,  the  vibrations  are  supposed  to  be  at  right 
angles  to  the  line  of  propagation,  or  transversal.  A  complete  oscillation  to  and  fro  is 
called  a  sound-wave. 

It  is  evident  that  vibrating  bodies  may  be  made  to  perform  and  impart  to  the  atmog- 
pbere  oscillations  of  greater  or  less  amplitude.  The  intensity  of  the  sound  is  in  proi>or- 
tion  to  the  amplitude  of  the  vibrations.  If  we  cause  a  tuning-fork  to  vibrate,  the  sound 
is  at  first  loud,  or  intense ;  but  the  amplitude  gradually  diminishes,  and  the  sound  dies 
away  until  it  is  lost.  In  a  vibrating  body  capable  of  proiJucing  a  definite  number  of 
waves  of  sound  in  a  second,  it  is  evident  that,  the  greater  the  amplitude  of  the  wave,  the 
greater  is  the  velocity  of  the  i>articles  thrown  intu  vibration.  It  has  been  ascertained  by 
experiment,  that  there  is  an  invariable  mathematical  relation  between  the  intensity  of 
soand,  the  velocity  of  *  the  conducting  particles,  and  the  amplitude  of  the  w^aves ;  and 
thia  is  expressed  by  the  formida^  that  the  intensity  is  proportional  to  the  square  of  the 
amplitude.  It  ia  evident,  also,  that  the  intensity  of  sound  is  diminished  by  distance,  as 
the  amplitude  of  the  waves  and  the  velocity  of  the  vibrating  particltis  tiecome  weaker, 
the  farther  we  are  removed  from  the  sonnrous  body.  The  sound,  as  the  waves  recede 
from  the  sonorous  body,  becomes  distributed  over  an  increased  area.  The  i^ropagation 
of  sound  has  been  reduced  also  to  the  formula,  that  the  intensity  diminibhes  in  propor- 
tion to  the  eqoare  of  the  distance. 

Sonorous  vibrations  are  subject  to  many  of  the  laws  of  reflection  which  we  have 
led  in  connection  with  light.  Sound  may  be  absorbed  by  siitfl  and  non-vibrating 
%(irfaoe<,  in  the  same  way  that  certain  surfaces  absorb  the  rays  of  light.  It  is  in  this  way 
that  we  explain  the  deadening  of  sound  in  apartments  furnished  with  carpets,  curtains, 
etc.,  and  its  reflection  from  smooth,  hard  surfaces.  By  carefully-arranged  convex  sur- 
faces, tJie  waves  of  sound  may  he  readily  collected  to  a  focus.  These  laws  of  the  reflec- 
tion of  sonorous  waves  explain  ecliocH  and  the  conduction  of  sound  by  confined  strata  of 
air,  as  in  tubes.  We  thus  exphiin  the  mechanism  of  speaking-trumpets,  the  ccdlection  of 
the  waves  by  the  pavilion  of  the  ear,  and  their  transmission  to  the  tympanum  by  the 
external  auditory  meatus.  To  make  the  parallel  between  sonorous  and  luroinons  trans- 
midsioD  more  complete,  it  has  been  ascertained  that  the  waves  of  sound  may  be  refracted 
to  a  focus  by  being  made  to  pass  through  an  acoustic  lens,  as  a  balloon  filled  with  ear- 
bonio-acid  gas.  The  waves  of  sound  may  also  be  deflected  around  solid  bodies  when 
they  protluce  what  have  been  called  by  Tyndall,  shadows  of  sound. 

Any  one  observing  the  sound  produced  by  the  blow  of  an  axe  can  note  the  important 
fact  that  sound  is  transmitted  with  much  less  rapiditT  than  light.  At  a  short  distance, 
our  view  of  the  body  is  practically  instantaneous ;  but  there  is  a  considerable  interval 
between  the  blow  and  the  sound.  This  intervid  represents  the  velocity  of  the  s*>norous 
conduction.  This  fact  is  also  illustrated  by  the  interval  between  a  flash  of  lightning  and 
the  sound  of  thunder.  The  velocity  of  sound  depends  upon  the  density  and  elasticity  of 
the  conducting  medium.    The  rate  of  conductitjn  of  sound  by  atmospheric  nir  at  the 
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freezing-point  of  water  i&  about  l,09i>  feet  per  second.    This  rate  presents  comparadTttlxj 
slight  variations  for  tbo  different  gases,  but  it  \&  very  much  more  rapid  in  liquida  and  i 
Bolids.'   In  ordinary  water,  it  is  4,708  feet  per  aeeond ;  in  iron  or  at^el  wire,  about  1< 
feet ;  and  in  most  woods,  in  the  direction  of  the  fibre,  about  the  same. 

Jioise  and  Mutieal  Sound*. — There  is  a  well -defined  physical  as  wel]  aa  an  ffisthetk 
diBtinction  between  noise  and  music.     Taking,  as  examples,  sinj^le  sound^  a  sound  W* 
comes  noise  when  the  air  is  thrown  into  confused  and  irregular  vibrations.     A  noiso  may 
be  composed  of  a  few  musical  sounds,  when  these  are  not  in  accord  with  each  other,  aad 
sounds  called  musical  are  not  always  entirely  free  from  discordant  vibrutiouts  m  we  sh«]l  _ 
aee  in  studying  musical  sounds,  properly  so  called.     A  noiBe  possesses  intensity,  var 
with  the  amplitude  of  the  vibrations,  and  it  may  have  different  qualitiei^,  depending  iiptjnl 
the  form  of  its  vibrations.     We  may  call  a  noise  dull,  sharp,  ringing,  metallic,  hoUow,,j 
etc,^  thus  expressing  qualities  that  are  readily  understood.     In  percussion  of  the  che«t|| 
the  resonance  ia  called  vesicular,  tympanitic,  etc.,  distinctions  in  quality  that  are  qniU 
imiiortant,     A  noiae  may  also  be  called  sharj)  or  low  in  pitch,  as  the  rapid  or  slow  vibr*-l 
tions  predominate,  without  answering  the  requirements  of  musical  sounds.     These  expb-J 
nations,  witli  the  definition  that  a  noise  is  a  sound  tliat  is  not  musical,  will  be  belt* 
understood  after  we  have  described  some  of  the  characters  of  musical  vibrations^ 

A  pure  and  simple  musical  sound  consists  of  vibrations  following  each  other  at  rej^lar 
intervals,  provided  that  the  succession  of  waves  be  not  too  slow  or  too  rapid.  When  tJw 
vibrations  are  too  slow,  we  have  an  appreciable  succession  of  impulses^  and  the  sound  ii 
not  musical.  When  they  are  too  rapid,  we  recognize  that  the  sound  is  excessively  sh«rp,  i 
but  it  is  then  painfully  acute  and  has  no  pitch  that  can  be  accurately  determined  by  tli«  J 
auflitory  apparatus.  8uch  sounds  may  be  occasionally  employed  in  musical  coropositionis 
but,  in  themselves,  they  are  not  strictly  uuhsicaL 

In  musical  sounds^  we  recognize  duration,  intensity,  pitch,  and  quality.  Tlie  duraticaJ 
Oepends  simply  upon  the  length  of  time  during  which  the  vibrating  body  is  thrown  iota  j 
action.  The  intensity  depends,  as  we  have  already  stated,  upon  the  amplitude  ol  tUj 
vibrations,  and  it  has  no  relation  whatsoever  to  pitch.  Pitch  depends  absolutely  upofitb*J 
rapidity  of  the  regidar  vibralion*?,  and  «]iiaiity^  ujmn  the  eoml»inations  of  different  I 
in  harmony,  the  character  of  the  harmonics  of  fundamental  tones,  and  tb©  form  of  tl»»  " 
vibrations*. 

PiUh  qf  Musical  Sounds. — In  discussing  the  pitch  of  musical  sounds,  we  shall  lean 
out  of  the  question,  for  the  present,  the  harmonics,  which  exist  in  nearly  all  musical  noUs 
and  affect  their  quality,  and  confine  ourselves  to  the  study  of  simple  vibrations.  8tidi 
tones  are  those  of  great  organ-pipes,  which  are  deficient  in  harmonics  and  in  overtone^ 
and  are  almost  entirely  pure. 

Pitch  depends  upon  the  number  of  vibrations.     A  nmsical  sound  may  be  of  gr*»at4»T  <jr 
less  intensity ;  it  may  at  first  be  quite  loud  and  gradually  die  away;  bat  i  rol 

vibrations  in  a  definite  tone  is  invariable,  be  it  weak  or  powerful.     The  i  '^c 

f^onduction  of  sound  does  not  vary  with  its  intensity  or  i)itch,  and,  in  the  h, 
combination  of  the  sounds  of  different  instruments,  be  they  high  or  low  in  pitcL,  ...... 

or  feeble,  it  is  always  the  same  in  the  same  conducting  medium.  Distinct  musical  aoti» 
may  present  an  immense  variety  of  qualities,  but  all  tones  of  the  same  pitch  baveabw- 
lately  equal  rates  of  vibration.  Tones  equal  in  f>itch  are  said  to  be  in  unison.  ThisfiwJt, 
though  simple,  has  a  mo^t  important  physiological  bearing.  In  the  first  place,  ao  edn- 
eated  ear  can,  without  difficulty,  distinguish  alight  differences  in  pitch  in  ordinary  muioc*! 
tones.  Again,  we  ascertain  by  experiment  that  this  power  of  ai>preciiLtion  of  tones  I* 
restricted  within  well-defined  limits,  which  vary  slightly  in  different  individuals.  With- 
out citing  all  of  the  numerous  observations  upon  this  point,  we  may  state  that  nehnhdti, 
whose  authority  is  the  very  higbeyt^  givcbs  as  the  range  of  sounds  that  can  be  legtlintatil? 
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«rn ployed  in  music,  thou©  of  from  40  to  4^000  vibrations  ia  a  second,  embracing  iil>oat 
seven  octaves.  In  ftn  orchestra^  the  double  bass  g'ives  the  lowest  note,  which  has  40'25 
Tibrations  in  a  second,  and  the  hij^liest  nott*,  given  [)j  the  small  titite,  has  4,752  vibrations. 
In  grand  organs,  there  ia  a  pipe  which  gives  a  note  of  1<S'5  vibriitions,  and  the  deepest 
note  of  modern  pianos  haa  27*5  vibrations ;  but  delicate  Bhades  of  pitch  in  tliese  low  notes 
are  not  appreciable  to  most  persons.  Sounds  above  the  limits  just  indicftted  are  painfuUy 
Btharp,  and  their  pitch  cannot  be  exactly  apjjreciated  by  the  ear.  The  pliysiological  inter- 
est connecte<l  with  these  facts  is,  that  the  limits  of  the  appreciation  of  musical  sounds  are 
f>robahly  due  to  the  anatomical  arrangement  of  the  auditory  apparatus,  oa  we  have  a 
Jimit  to  the  acutenesa  of  vision,  whiih  can  be  ex[dained  by  the  structure  of  the  eje.  This 
fact  IS  the  basis  of  the  accepted  theories  of  the  appreciation  of  musical  sounds. 

^^miusir^l  ScfiU. — We  have  thus  far  considered  musical  soimds,  without  any  reference 
Iwlhe  relations  of  different  notes  to  each  other.  A  knowledge  of  these  relations  lies  at 
the  foundation  of  the  science  of  music;  litid,  without  a  clear  idea  of  certain  of  the  funda- 
Vnental  laws  of  music,  we  cannot  thoroughly  comprehend  the  mechanism  of  audition. 

It  requires  very  little  cultivation  of  ihv  ear  to  enable  us  to  comprehend  the  fact,  that 
the  successions  and  cotiibinations  of  t^ones  must  obey  certain  tixed  laws;  and,  long  before 
ihese  laws  were  the  subjeot  of  mnthematical  demonstration,  the  relations  of  the  ditferent 
Botes  of  the  scale  were  established,  merely  because  certain  suocessions  and  combinations 
'»rere  agreeable  to  the  ear,  while  others  were  discordant  and  apparently  unnatural.  Now 
Ihat  we  are  pretty  thoroughly  acquainted  with  the  laws  of  vibrations,  we  can  study  the 
fcale  from  a  scientific,  a«  well  as  from  an  aesthetic  point  of  view. 

The  most  convenient  notes  for  our  Ktody  are  those  produced  by  vibrating  strings,  and 
the  phenomena  here  observed  are  essentially  the  same  for  all  musical  sounds;  for  it  ia 
pj  means  of  vibrations  comaiunicated  to  the  air  that  the  waves  of  sound  find  their 
iway  to  the  auditory  apparatus.  Let  us  take,  to  begin  with,  a  string  vibrating  24 
(times  in  a  second.  If  this  string  be  divided  into  two  equal  parts,  each  part  will  >nbrate 
48  times  in  a  second.  The  note  thus  produced  is  the  octave,  or  the  8th  of  the  primary 
liote,  called  the  8th^  because  the  natural  scale,  as  we  shall  see,  contains  eight  notes,  of 
which  the  first  is  the  lowest  and  the  last,  the  highest.  We  may  divide  the  half  again, 
|»rodttdng  a  second  octave,  and  so  on,  within  the  limits  of  our  appreciation  of  musical 
Boands.  If  we  divide  the  string  so  that  f  of  its  length  will  vibrate,  we  have  36  vibrations 
In  a  aecond,  and  this  note  ia  the  5th  in  the  scale.  If  we  divide  the  string  again,  so  as  to 
leave  f  of  its  length,  we  have  30  vibrations,  which  gives  the  Sd  note  in  the  scale.  These 
mre  the  roost  natural  subdivisions  of  the  note;  and  the  1st,  3d,  5th,  and  8th,  when  sound- 
ied  together,  make  what  is  known  as  the  common  major  chord.  Three-fourths  of  the 
length  of  the  origkial  string  makes  32  vibrations,  and  gives  the  4th  note  in  tlie  scale.  If 
Iwe  take  f  of  the  string,  we  have  27  vibrations,  and  the  note  is  the  2d  in  the  scale.  With 
I  of  the  string,  we  have  40  vibrations  in  a  second,  or  the  <ith  note  in  the  scale.  With  ^^ 
of  the  string,  we  have  45  vihrations  in  a  second,  or  the  7th  note  in  the  Hicale, 
I  It  will  be  observed  that  we  have  started  with  a  note,  wliich  we  may  call  C.  This  is 
the  key-note,  or  the  tonic.  In  this  scale,  which  is  called  the  natural,  or  diatonic  key,  we 
lisve  a  regular  mathematical  progression  from  the  1st  to  the  8th.  This  is  oalled  the 
^lyor  key  of  0.  Melody  consists  in  an  agreeable  succession  of  notes^  which  we  may 
taisame,  for  sake  of  simplicity,  to  be  pure.  We  cannot,  in  a  simple  melody,  sound  any 
liote  hut  one  of  thor*e  in  the  scale.  When  a  different  note  is  sounded,  we  pass  into  a  key 
which  has  a  different  fundamental  note,  or  tonic,  with  a  different  succession  of  3ds,  5th«, 
ftc.  Every  key,  therefore,  has  its  1st,  3d,  5th,  and  8th,  as  well  as  tlie  intermediate 
^otes.  If  we  substitute  for  the  8d  a  note  formed  by  a  string  i  the  length  of  the  tonic 
Instead  of  |,  we  have  the  key  converted  into  the  minor.  The  minor  chord,  oonsisting  of  the 
3st,  the  diminished  Sd,  the  5th,  and  the  8th,  is  perfectly  harmonious,  but  it  has  a  qoalitj 
iqoito  different  from  that  of  the  mi^or  ciiord.    The  notes  of  a  melody  may  progress  in  the 
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minor  key  as  weU  m  in  the  lot^or.     Taking  the  small  numbers  of  vibrations  mer%\y  fori 
convenience,  the  following  is  the  modo  of  progression  in  the  natural  scale  of  0  mtyor: 

Not4  C 

Leiigthij  of  the  string 1 

Number  of  vibrations.. t4 

The  intervals  between  the  notes  of  the  seal©,  it  is  seen,  are  not  equal    The 
botwet5ri  the  3d  and  4th  and  the  7th  and  6th,  are  called  semitones.     The  other  inte: 
are  either  full  perfect  tones  or  small  perteet  tones.     Although  there  are  seuiitanes,  D' 
hclonj^ng  to  the  key  of  C,  between  C  and  D,  D  and  E,  F  and  G,  G  and  X,  and  A 
B,  those  intervals  are  not  all  cumposed  of  exactly  the  same  number  of  vibrations; 
that^  taking  the  notes  on  a  piano,  if  we  have  D  as  the  tonic,  its  5th  would  be  A 
assume  that  D  has  27  vibrations,  and  A,  40,  giving  a  difference  of  13.     With  0  a*  tha' 
tonic  and  G  as  the  5th,  we  have  a  difference  of  12.     It  if*  on  account  of  these  differeni 
in  the  intervals,  that  each  key  in  music  ha>s  u  peculiar  and  an  individual  character. 

In  tuning  a  piano,  which  is  the  single  instrument  most  commonly  used  for  accompemi 
ment  and  the  general  interpretation  of  innaioal  compositions,  tlie  ordinary  method  is 
the  Sths.  We  bring  the  5th  of  0  in  exact  accord  with  the  tonic ;  then  the  5th  of  U 
tlien  the  5th  of  E,  and  finally  the  5th  of  F.  The  5th  of  F  i^bould  be  the  octave  of 
but,  by  progressing  in  thia  way,  the  last  note  (C)  la  too  sharp  and  h  not  the  octane 
the  lower  V.  If  this  progression  were  cuntinu^^d  higher  and  higher,  the  octaves  Wi 
become  more  and  more  out  of  tune  ;  and,  to  avoid  this,  the  octjives  are  made  perfi 
the  5ths  and  3ds  are  tuned  down,  so  that  the  inequality  is  distributed  through* 
scale.  This  is  called  tempering  the  scale,  and,  with  this  *^*^  temperament,'^^  the  notes  &] 
not  exactly  true ;  still,  musicians  are  accustomed  to  this,  and  they  fail  to  recognise 
mathematical  defect. 

Even  in  melody,  and  still  more  in  harmony,  in  long  compositions,  the  ear  becocii* 
fatigued  by  a  single  key,  and  it  is  necessary,  in  order  to  produce  the  most  pleading  efferti, 
to  change  the  tonic,  by  what  is  called  roodnlation,  returning  afterward  to  tlie  original  ke] 


Quality  of  MuBkal  Soynds,—By  appropriate  means,  we  can  analyze  or  dcecnntPOil 
white  light  into  prismatic  colors;  and,  in  the  same  way,  nearly  all  musical  sionnds,  whid 
seem  at  first  to  be  simple,  can  be  resolved  into  certain  well-defined  constituents.  Thisi? 
are  few  absolutely  simple  sounds  used  in  music.  We  may  take  an  example,  however,  h 
the  notes  of  great  ^opped*pipes  in  the  organ^  These  are  simple,  but  are  of  an  ttQsatl9> 
factory  quality  and  wanting  in  richness.  Almost  all  other  musical  sounda,  how^vift 
have  a  fundamental  tone,  which  wo  recognize  at  once ;  but  this  tone  is  accompfloitJ 
by  harmonics  caused  by  secondary  vibrations  of  subdivisions  of  the  sonorous  bwlj 
The  number,  pitch,  and  intonbity  of  these  harmonic,  or  aliquot  vibrations  atiect  wbii 
is  called  the  quality,  or  timbre  of  mtisical  note^s  by  modifying  the  form  of  the  sonoroui 
waves.  This  fact,  which  we  shall  discuss  more  elaborately  farther  on,  require*  llttk 
argument  for  its  sopport.  If  we  suppose  a  strmg  vibrating  a  certain  number  of  tiroes  U 
a  second,  the  vibrations  being  perfectly  simple,  we  should  have,  according  la  tht  Um* 
of  vibrating  bodies,  a  simple  musical  tone ;  but,  if  we  suppose  that  the  strmg  snbdiridcf 
itself  into  different  segments,  one  of  which  give**  the  3d,  another,  the  5th,  and  so  on,  of  tin 
fundamental  tone,  it  is  evident  that  the  fonn  of  the  vibrations  must  be  oonsiderililf 
modified.  This  is  the  fact ;  and,  with  these  modifications  in  form,  the  quality,  or  timbf* 
of  the  note  is  changed-  We  can  illustrate  this  roughly  on  the  piano.  If  we  strike  tht 
note  0,  we  have  a  certain  quality  of  sound-  We  may  assume,  for  sake  of  argniusat 
that  this  if!  a  simple  tone,  although  in  reality  it  is  complex*  We  now  strike  simMltinsomlT 
the  fundamental  note,  its  3d,  5tb,  and  8th,  making  the  common  chord  of  C  m*Jor«  Tb» 
predominant  note  is  silU  C,  but  the  addition  of  the  harmonious  notes  modifiee  Its  qnalltT. 
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timmisli  the  third  by  a  semitone^  we  still  have  C  for  the  predomiDant  note,  but 
the  qualltj'  of  the  chord  h  changed  to  the  minor.  Jd  this  rough  illuBtrfttion,  tho  ear  can 
readily  detect  the  harmonious  tones ;  but,  in  the  note  of  a  single  string,  thist  cannot  be 
done  without  pra€tice  and  close  attention.  Still,  in  the  notes  of  single  strings,  the  ear 
can  distinguish  the  harmonics  ;  and,  what  is  more  satisfactory,  the  existence  of  harmon- 
ics can  he  aetn^illy  demonstrated  in  various  ways. 

From  what  we  have  just  stated,  it  follows  that  nearly  all  musical  tones  consist,  not 
only  of  a  fimdaniental  sound,  but  uf  harmonic  vibrations^  subordinate  to  the  fundamental 
and  qualilyiufr  it  in  a  partictdar  way,  The^e  harmonics  may  be  feeble  or  intense;  cer- 
tain of  them  may  predominate  over  others ;  some,  that  are  usually  present,  may  be 
eliminated ;  and,  in  shorty  there  may  be  a  great  diversity  in  their  arrangement,  and  thus 
the  timbre  may  present  an  infinite  variety*  This  is  one  of  the  elements  entering  into  the 
composition  of  notes,  and  it  affords  a  partial  explanation  of  (quality. 

Another  element  in  the  quality  of  notes  depends  upon  their  reenfbreement  by  reso* 
nance.  The  vibration.s  of  a  stretched  string,  nut  connected  with  a  resonant  body,  are 
almost  inaudible.  In  musical  instruments,  we  have  the  sound  taken  up  by  some  mechani- 
cal arrangement,  as  the  sound -board  of  the  organ,  piano,  violin,  harp,  guitar,  etc.  In 
the  violin,  for  example,  the  sweetness  of  the  tone  depends  chietiy  upon  the  construction 
of  tho  resonant  part  of  the  instrument,  and  but  little  upon  the  strings  themselves,  which 
are  frequently  changed.  The  same  is  true  of  the  human  voice,  of  wind-in str urn cnte,  etc. ; 
but  we  could  not  discuaa  these  points  elaborately,  without  giving  a  full  description  of  ihe 
various  musical  instruments  in  common  use^  which  would  be  out  of  place  in  a  work  upon 
physiology. 

In  addition  to  the  harmonic  tones  of  sonorous  bodies,  various  discordant  sounds  are 
generally  present,  which  modify  the  timbre,  producing,  usually,  a  certain  roughneea, 
anch  as  the  grating  of  a  violin-bow,  the  friction  of  the  columns  of  air  agalntd  tlie  angles 
in  wind-instruments,  etc,  AH  of  these  conditions  have  their  eifect  upon  the  quality  of 
tones ;  and  these  discordant  sounds  may  exist  in  infinite  number  and  variety.  These 
sounds  are  composed  of  irregular  vihralions  and  are  consequently  inharmonious.  Nearly 
All  notes  that  we  speak  of  in  general  terms  as  musical  are  composed  of  musical,  or  har- 
monic ahquot  tones  with  the  discordant  clement^  to  which  we  jnst  alluded. 

Aside  from  the  relations  of  tlie  various  component  parts  of  musical  notes^  the  quality 
depends  largely  upon  the  form  of  the  vibrations.  To  quote  the  words  of  Helraholtz,  **the 
more  uniformly  rounded  the  form  of  the  wave,  the  softer  and  milder  is  the  quality  of  the 
sound-  The  njore  jerking  and  angular  the  wave-form,  the  more  piercing  the  quality. 
Toning-fork!*,  with  their  rounded  forms  of  wave,  have  an  extraordinarily  sot^  quality ; 
and  the  qualities  of  sound  generated  by  the  zither  and  violin  resemble  in  harshness  the 
angularity  of  their  wave-forms." 


MBmnanic9^  or  OterUmei. — As  we  have  stated  In  the  foregoing  discussion,  nearly  all 
sounds  are  composite,  but  sonie  contain  many  more  aliquot,  or  secondary  vibrations  tlian 
others.  The  notes  of  vibrating  strings  are  peculiarly  rich  in  harmonics^  and  these  may 
be  used  for  illustration,  remembering  that  the  phenomena  here  observed  hiive  their  analo- 
gies in  nearly  all  varieties  of  musical  sounds.  If  a  stretched  string  bo  made  to  vibrate, 
the  secondary  tones,  which  tjualify,  as  it  were,  the  fundamental,  are  called  harmonics,  or, 
in  German,  overtone^  a  term  whicli  is  now  much  used  by  English  writers. 

While  it  is  difficult  at  all  times  to  distinguish  by  the  ear  the  individual  overtones  of 
vibrating  strings,  their  existence  can  be  demonstrated  by  a  few  simple  experiments.  Let 
UB  aoppose,  for  example,  that  we  have  a  string,  the  fundamental  tone  of  which  Is  C.  Wo 
daiDp  this  string  with  a  feather  at  one-fourth  of  its  length  and  draw  a  violin-bow  across 
the  smaller  section.  We  then  sound,  not  only  the  fourth  part  of  the  string  across  which 
the  Ijow  is  drawn,  but  the  remaining  th reo- fourth s ;  but,  if  we  have  placed  little  riders  of 
paper  upon  the  longer  segment,  at  distances  equal  to  one-fourth  the  entire  string,  they 
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will  remain  undii^turbed,  wliilo  riders  placed  at  any  other  portion  of  the  string  will  W 
thrown  off.  Tbi»  experiment  ebows  that  the  three -fourths  of  the  string  have  been  di- 
vided, as  we  have  sounded  ti>o  ^eond  oetave  iibovo  tbe  fundamental  tone.  This  maj  be 
illustrated  by  connecting  one  end  of  the  string  with  n  tuning-fork.  When  this  Is  done, 
and  the  string  is  bronglit  to  the  proper  degree  of  tension,  it  will  first  vibrate  as  a  whole, 
t!ien,  when  a  httlo  tighter,  will  spontaneonsly  divide  into  two  equal  parts,  and,  nndt?r 
increased  tent^ion,  into  three,  fonr,  and  so  on.  By  damping  a  string  witb  the  light  touch 
of  a  feather,  wo  suppress  the  fundamental  tone  and  bring  out  the  overtones,  wliich  eiirt 
in  aO  vibrating  striugK^  but  are  usually  concealed  by  the  fundamental.  The  points  which 
mark  the  subdi visions  of  the  string  into  segments  of  secondary  vilirations  are  caUed 
nodes.  When  we  damp  the  string  at  its  centre,  wo  quench  the  fundamental  t^ne  and 
have  overtones  an  octave  above ;  damping  it  at  a  distance  of  oue-fourih,  we  have  the 
aecond  octave  above,  and  so  on.  When  we  damp  it  at  a  distance  of  one-fifth  from  th©  ] 
end,  we  have  the  four-fifths  sounding  the  3d  of  the  fundamental,  with  the  second  octave  ' 
of  the  Sd.  If  we  damp  it  at  a  distance  of  two-thirds,  we  Lave  the  5th  of  the  fundamen- 
tal, with  the  octave  of  the  6th. 

Every  vibrating  string  posaeflse^  thus,  a  fiindamental  tone  and  overtonea.     We  ha?e^  { 
qualifying  the  fim«h.LmentaJ,  first,  as  the  roost  simple,  a  Beriee  of  octaves ;  next,  a  aenei 
of  5ths  of  the  fundatnental  and  their  octaves ;  and  next,  a  aeries  of  3ds.     Theae  are  tli« 
moat  powerful  overtones,  and  they  form  the  common  chord  of  the  fundamentaJ ;  but  ihejf 
are  so  far  concealed  by  the  greater  intensity  of  the  fsindamcnta!,  that  tliey  cannot  be  easily 
distinguished  by  the  unaided  ear,  unless  the  fundamental  be  quenched  in  some  snch  way 
as  we  have  indicated.     In  the  same  way,  the  harmonic  fitlts  and  3ds  overpower  other  j 
overtones;  for  we  have  the  string  subdividing  again  and  again  into  overtones,  which  are  ) 
not  harmonious  like  the  notes  of  the  common  chord  of  the  fundamental. 

The  presence  of  overtones,  resultant  tones,  and  additional  tones,  which  latter  wiU  b« 
described  hereafter,  can  be  demonstrated,  without  damping  the  strings,  by  the  resonatort» 
invented  by  Iklmholtz.  It  is  well  known  tbat,  if  a  glass  tube,  closed  at  one  end,  which 
contains  a  column  of  air  of  a  certain  length,  be  brought  near  a  resounding  body  emittmg 
a  note  identic^il  with  that  produced  by  tlie  vibrations  of  the  column  of  air,  the  air  in  tbt 
tube  will  resound  in  consonance  with  the  note.  If,  for  example,  we  have  a  tube  soundinit 
C,  a  tuuing-fork  of  the  same  pitch  sounded  near  the  tube  will  throw  the  air  in  the  tube 
into  action  and  will  prodirco  a  powerful  wound,  while  no  other  note  will  have  this  effecL 
The  resonators  of  llelmboltz  arc  couKtructed  upon  this  princi|»le.  A  glass  globe  or  tube 
(Fig.  202)  is  constructed  so  as  to  produce  a  certdn  note.  This  Jias  a  larger  opening  (a) 
and  a  smaller  opening  (b)  which  latter  is  fitted  in  the  ear  by  warm  sealing-wax,  the  otfacf 
ear  being  chased.  When  the  proper  note  is  sounded,  it  is  reinforced  by  the  resonator 
and  is  greatly  increased  in  inteneity,  while  all  other  notes  are  heard  very  faintly.  Sop- 
po«e,  now,  tlrnt  we  apply  this  to  the  detection  of  overtones.  We  fix  in  the  ear  a  resonator 
adjusted  to  G,  and  sound  the  funduTaental  (C).  The  fimdamenUil  (0)  is  imperfectly  heard, 
bnt  the  overtone  (G)  is  reenforced,  and  we  have  a  lourl  and  distinct  sound  of  the  5th.  Bj 
using  resonators  graduated  to  the  musical  scale,  we  can  easily  analyze  a  note  and  distin* 
guish  the  overtone?^.  In  the  same  way,  if  we  place  in  the  ear  a  resonator  tnned  to  a  par- 
ticular note  and  strike  a  succession  of  chords  on  the  piano,  the  general  sound  is  itnper 
fectly  heard ;  but,  whenever  wo  strike  the  ncite  of  the  resonator,  this  is  clearly  distiii> 
guished,  to  the  practical  exclusion  of  all  others ;  and  we  can  thus  analyze  compUoKed 
chords  into  each  of  their  constituent  partsi.  This  experiment  shows  tbe  umilarity  beCiTMl 
chords,  resolved  into  their  constituent  parts,  and  sini^le  notes,  resolved  into  their  lianmiDica, 
or  overtones.  The  resonators  of  Ilelmboltz,  which  are  open  at  the  larger  extremity,  an 
infinitely  more  delicate  than  those  in  which  this  is  closed  by  a  membrane. 

A  very  striking  and  instructive  point  in  the  present  discussion  is  the  following :  All  J 
the  overtones  are  produced  by  vibrations  of  segments  of  the  atrifig  included  between  th«  ^| 
comparatively  still  points,  called  nodes ;  and,  if  we  cause  a  string  to  vibrate  by  plnda&f  ^" 
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or  striking  it  at  one  of  these  nodal  points,  we  abolish  the  oTertones  which  vibrate  fi^m  Uiis 
node  nt  a  fixed  point.  For  oxiimple,  if  w©  pluck  the  string  at  its  exact  cent  re »  we  sound 
the  fundameut^il ;  but  wu  thcu  have  a  dull  tone^  which  is  deficient  iti  tht^  overtones  of  tlio 
octaves.  We  can  demonstrate  the  fact  that  these  overtones  ore  absent^  for^  if  we  danip 
the  string  at  its  centre,  the  ftiodatnental  is  quenched^  but  we  have  no  octaves,  which  are 
alwajB  heard  <»n  damping  the  centre  when  the  string  is  plucked  at  otber  points.  In  the 
same  way,  by  plucking  the  string  at  diflerent  points,  wo  can  abolish  the  overtones  of 
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3da,  etc.  It  is  readily  understood  that,  when  a  string  is  plucked  at  any  point,  it 
I  vibrate  bo  vigorously  at  this  piiint  thflt  nr*  node  can  be  foriued.  This  fact  has  long 
been  recognized  by  practical  luus^ieians,  although  many  are  probably  unacquainted  with 
its  9cientitic  explanation.  Performers  upon  stringed  instruments  habitually  attack  the 
strings  near  their  extremities.  In  the  pizuio,  where  the  strings  may  be  struck  at  ahnost 
any  point,  the  hammers  are  placed  at  from  |  to  f  of  their  extremities ;  and  it  has  been 
ascertained  by  experience  that  this  gives  the  richest  notes.  The  nodes  formed  at  these 
points  would  produce  the  Tths  and  9tli8  as  overtones,  which  do  not  belong  to  the  perfect 
m^jor  chord,  while  the  nodes  for  the  liarmouious  overtones  are  undisturbed.  The  reason, 
then,  why  the  notes  are  richer  and  more  perfect  when  the  strings  are  attacked  at  this 
point,  is  that  the  harmonious  overtones  are  full  and  perfect,  and  certain  of  the  discordant 
overtones  are  suppressed. 

When  two  harmonious  notes  are  produced  under  favorable  conditions,  we  can 
bear,  in  addition  to  the  two  sounds,  a  sound  differing  tVom  both  and  much  lower  than 
the  lower  of  the  two.  This  sound  is  too  low  for  an  harmonic,  and  it  has  been  called  a 
remltant  tone.  The  formation  of  a  new  sound  by  combining  two  sounds  of  different 
fiitcb  is  analogons  to  the  blending  of  colors  in  optics,  except  that  the  primary  sounds  are 
not  lost.  The  laws  of  the  production  of  these  resultant  sounds  are  very  simple.  When 
two  notes  in  harmony  are  sounded,  the  resultant  tone  is  equal  to  the  difference  between 
the  two  primaries.  For  example,  if  we  sound  C,  with  48  vibrations,  and  its  6th,  with  73 
vibrations  in  a  second,  the  resultant  tone  is  equal  to  the  difference,  which  is  24  vibrations, 
and  it  ia  consequently  the  octave  below  0 ;  or,  if  we  sound  C,  with  48  vibrations,  and  its 
Sd,  with  60,  we  have  a  resultant  tone  two  octaves  below  C,  the  nnmlM?r  of  vibrations 
being  12,*    These  resultant  tones  are  very  feeble  as  compared  with  the  primary  tones,  and 
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they  can  be  hoard  only  under  the  moat  favorable  experimental  conditions.  In  addition  to 
these  soands^  llelmholtz  has  discovered  sounds,  even  more  feebk^  which  he  calls  addi- 
tionaJ,  or  Bummiition  tooe^ji.  The  value  of  these  is  equal  to  the  sum  of  vibrations  of  thtl 
primary  tones.  For  example,  C  (34)  and  iU*  5th  (36)  would  give  a  summation  tone  of  Gdl 
vibrations,  or  the  octave  of  the  3d ;  and  0  (24)  with  it^s  3d  (3U}  would  give  54  vibratioii%I 
the  octave  of  the  2d,  These  tones  can  readily  \te  distingnished  by  means  of  tho  reni-j 
liators  already  described. 

It  is  thus  seen  that  musical  sounds  are  excessively  complex.     With  single  sounds,  wf 
have  an  intinito  variety  and  number  of  harmonici*,  or  overtones,  and  in  chords,  whiolil 
will  be  treated  of  more  fully  under  the  head  of  harmony,  wc  have  a  series  of  resultanti^l 
which  are  lower  than  the  primary  tones,  and  a  series  of  additional,  or  sammation  tonei^  j 
which  are  higher ;  but  both  the  resultant  and  the  auramation  tunes  bear  an  exact  ] 
matical  relation  to  tho  primary  tones  of  the  chord. 


Harmony. — We  have  discussed  the  overtones,  rcaultant  tcmc^,  and  summation  ti 
of  strings  rather  fully,  for  the  reason  that,  in  the  physiology  of  audition,  we  shall  see  Ij 
the  ear  is  capable  of  recognizing  single  sounds  or  saccessions  of  esingl©  sounds;  but, 
the  same  time,  certain  combinations  of  sounds  are  apjireciat^d  and  are  ©veji  more  agra^i 
able  than  those  w  hich  are  apparently  produced  by  simple  vibrations.  Combinations  of 
tones  which  thus  produce  an  agreeable  impression  are  called  harmonious.  They  seem  to 
become  blended  with  each  other  into  a  complete  t^ound  of  peculiar  quality,  all  of  the  dif- 
ferent vibrations  entering  into  their  composition  being  simultancHJUsly  appreciated  by  the 
ear.  From  w^hat  we  have  learned  of  overtones,  it  is  evident  that  few  musical  sounds  are 
reaUy  simple,  and  that  those  which  are  simple  are  wanting  m  richness,  while  they  are  per- 
fectly pure.  The  fMending  of  tones  which  hear  to  each  other  a  certain  ruatliematical  rela- 
tion is  called  harmony  ;  but  two  or  more  tones,  tliough  each  one  be  musical,  are  not  ndoet- 
earily  harmonious.  The  most  prominent  overtone,  except  tho  octave,  is  the  5th,  with  iti 
octaves,  and  this  is  called  the  dominant.  The  next  is  the  3d,  with  its  octaves.  Tb# 
other  overtones  are  comparatively  feeble.  Reasoning,  now,  from  our  knowledge  of  thf 
relations  of  overtones,  we  might  infer  that  the  reentbrcement  of  the  6th  and  3d  by  oU»cr 
notes  bearing  similar  relations  to  the  tonic  would  be  agreeable.  This  is  the  fact,  and  it 
Tvas  jiscertained  empirically  long  before  the  pleasing  impressiun  produced  by  suoh  com- 
binations was  explained  mathematically.  We  do  not  propose  to  enter  into  a  full  disca§- 
sion  of  the  laws  of  harmony,  but  a  knowledge  of  certain  of  these  laws  is  essential  to  tht 
comprehension  of  the  physiology  of  audition.  These  are  very  simple,  now  that  we  hav^ 
analyzed  the  sound  of  a  single  vibrating  body. 

It  is  a  law  in  music^  that  the  more  simple  the  ratio  between  the  number  of  ribratioot 
in  two  sounds,  tho  more  perfect  is  the  harmony.  The  simplest  relation,  of  course,  is 
1  :  1,  when  the  two  sounds  are  said  to  be  in  unison.  The  next  in  order  is  I  :  2,  If  w« 
sound  C  and  its  8tbj  wo  have,  for  example,  24  vibrations  of  one  to  48  of  tlie  other, 
The;«e  sounds  can  produce  no  discord,  because  the  waves  never  interfere  with  eaoli  otlicr, 
and  the  two  sounds  can  be  prolonged  indetinitely^  always  maintaining  tho  same  relataona. 
The  combined  impression  is  therefore  continnoue.  The  next  in  order  is  the  Ist  and  5th, 
their  relations  being  2:3.  In  other  words,  with  the  1st  and  5th,  for  two  waves  of  the 
1st  we  have  three  waves  of  the  5th,  The  two  sounds  may  thus  progress  indefinitely, 
for  the  weaves  coincide  for  every  second  wave  of  the  1st  and  every  third  wave  of  the  5th, 
The  next  in  order,  if  we  sound  at  the  same  time  the  1st,  5th,  and  8th,  is  the  3d.  The  34 
of  C  has  tho  8th  of  C  for  its  5th,  and  the  5th  of  C  for  its  minor  3d.  The  1st,  3d,  6i 
and  Sth  form  tho  common  ma^jor  chord ;  and  tho  waves  of  each  tone  blend  with 
other  at  such  short  intervals  of  time  that  the  ear  experiences  a  continuous  impriflflioQ, 
and  no  discord  is  appreciated.  This  explanation  of  the  common  miyor  chord  il1uatrat«t 
the  law  that,  the  smaller  the  ratio  of  vibration  between  different  tones,  the  more  perfect 
is  their  harmony,    t>ounded  with  the  1st,  the  4th  is  more  harmonious  than  the  3d  ;  but 
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wtmt  of  iiartnony  with  the  5th  excludes  it  Irom  the  coniDJOii  chord*  The  Ist,  4th, 
aodSth  are  harmonious,  hut  to  make  a  complete  chord  we  mu.st  use  the  6th»  These  dift- 
cusoioDd  might  be  extended  into  the  progreBsion  of  chords  iind  modulation ;  but  this  i» 
not  esisenti&l  to  our  purpose,  ns  we  wlah  odIjt  to  uticertaiii  the  laws  of  the  vibrations  of 
AOixsdBiii  harmony  and  the  mechanism  of  discords. 

Dueordit, — A  knowledge  of  the  mechanism  of  eimple  accords  enables  us  to  understand 
'  more  easily  the  rationale  of  discords,  and  tnee  term.  Ah  in  the  case  of  harmouy,  the  fact 
'  that  certaio  combinations  of  musical  tones  produce  a  disagreeable  impression  was  ascer- 
I  ained  empirically,  with  no  knowledge  of  the  exact  cause  of  thy  palpable  dissonance. 
I  Thanks  to  the  labors  of  modern  physicists,  however,  the  mechanism  of  discordH  is  now 
'  pretty  well  settled*  We  shall.  In  our  explanation,  begin  with  a  combination  of  tones 
«lightly  removed  from  perfect  unison. 

Suppose,  for  example,  that  we  Imve  two  tuning-forks  giving  precisely  the  name  num- 
bers of  vibrations  in  a  second  ;  the  tones  are  then  in  perfect  unison.  We  load  one  of  the 
forks  with  a  bit  of  wax,  so  that  its  vibrations  are  slightly  reduced,  and  start  them  both 
in  ▼tbratiou  at  the  same  instant.  Taking  the  illustration  given  by  Tyndall,  we  assume 
that  one  fork  has  256,  and  the  r»ther,  255  vibrations  in  a  second.  While  these  two  forks 
are  yibratiug,  we  have  one  gradtjally  gaining  upon  the  other;  but,  at  the  end  of  half  a 
second,  one  will  have  made  128  vibrations,  while  the  other  will  have  made  127^.  At, 
this  point  the  two  waves  are  in  direct  opposition  to  each  other;  they  are  moving  in 
exactly  opposite  directions ;  and,  as  a  consequence,  the  sonnds  neutralize  each  other,  and 
we  have  an  instant  of  silence.  The  perfect  sounds,  as  the  two  forks  continue  to  vibrate, 
ire  thus  alternately  reenforced  and  diminished,  and  we  have  what  are  known  in  music  as 
bd&tB.  As  the  difference  in  the  number  of  vibrations  in  a  second  is  one^  we  have  the 
instants  of  silence  occurring  once  in  a  second ;  and  in  this  illustration  the  beats  occur 
once  a  second.  Unison  takes  place  when  two  sounds  can  follow  each  other  indefinitely, 
their  waves  blending  perfectly ;  dissonance  is  marked  by  successive  heats,  or  pulses.  If 
we  now  load  forks  so  that  one  will  vibrate  240  times  in  a  second,  and  the  other  234,  there 
will  be  six  times  in  a  second  when  the  interference  will  be  manife*«t ;  or,  to  make  it 
plainer,  in  J  of  a  second,  one  fork  will  make  40  vibrations,  while  the  other  is  making 
S9.  We  shall  then  have  0  beats  in  a  second.  From  these  experiments,  the  law  may 
be  deduced,  that  the  number  of  beats  produced  by  two  tones  not  in  harmony  is  equal 
to  the  difference  between  the  two  rates  of  vibration.  An  analogous  interference  of  un- 
.dolations  is  observed  in  optics,  when  waves  of  light  are  made  to  interfere  and  produce 
darkne&i^. 

It  is  evident  that  the  nntnlier  of  beatj?  will  increase  as  we  sound  two  discordant  tones 
Ifcigher  and  higher  in  the  scale,  Accurding  to  Helinhollz,  the  beats  can  be  recognized  up 
|H82  in  a  second.  Beyond  that  point  they  become  confused,  and  we  have  only  a  sen- 
Hpon  of  dissonance,  or  roughness.  We  can  illustrate  this  point  very  satisfactorily  by  a 
simple  expeiiment  upon  the  piano.  Let  us  take  two  tones,  the  highest  on  the  scale, 
separated  from  each  other  by  a  semitone.  When  we  strike  these  two  notes  together, 
wo  have  a  disagreeable  sensation  of  dissonance,  but  no  appreciable  beats,  because,  tbo 
Tftto  of  vibration  of  each  note  being  high,  the  difference  is  great  and  the  beats  are  too 
rapid  to  be  appreciated  as  such.  We  strike,  now,  the  two  notes  an  octave  below ;  still 
we  have  dissonance,  less  disagreeable,  but  no  beats.  Passing  down,  an  octave  at  a  time,  as 
the  numbers  of  vibrations  become  smaller,  the  difference  between  them  is  lese^  and  there 
arc  fewer  beats  in  a  second,  until  they  are  readily  appreciated  as  beats  and  ean  even  be 
cocinted.  Beats,  then,  are  due  to  interference  of  sound-waves,  and  the  number  in  a  second 
lit  equiA  to  the  difference  in  the  rate  of  vibrations.  Wlien  tliese  are  too  rapid  to  be  appre- 
beats,  we  have  simply  a  sensation  of  discord.  There  is  no  interference  of  the 
tones  in  unison,  provided  the  waves  start  at  the  same  instant;  the  intensity  of 
«oiiiid  being  increased  by  rcenforcement.  The  differences  between  the  1st  and  Sth, 
53 
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the  Ist  and  5th,  the  1st  And  3d,  arul  other  hiirmonions  combumtions,  is  »o  grent  thai  wf 
have  no  beats  aod  no  discord,  the  inc«ro  rapid  waves  reeiiforcing  the  harraonics  of  th^ 
primary  sound.     It  is  important  to  reraenibcr,  in  thit*  connection^  that  resultant  tooesi 
equal  to  the  difference  in  the  rates  of  vibration  of  two  harmonioUi*  tones.     If  we  tak« 
note  of  240  vibratioiKS^  and  it«  5th^  with  360  vibrations,  these  two  have  a  difference  i 
120,  which  is  the  lower  octave  of  tbe  Ist  and  is  a  harmonious  tone. 

It  is  evident  that  the  laws  which  we  liave  tlina  Btated  are  equally  applicalile 
overtones,  ret^uitant  tones,  and  additional  tone^^  which  have  their  beats  and  dia^onattc 
as  well  as  the  primary  tonea. 


Tones  by  Ir\fiu^nce  {Cmuonanee). — The  term  consonance  is  generally  applied  to 
hann onions  coin bi nations  of  two  or  more  ionndB^  and  is  synonymous  with  accord,  na 
ia  used  in  music.    In  this  sense,  it  is  opposed  to  dissonance,  or  discord.    By  some  writer 
however,  consonance  is  used  to  denote  sounds  prodviced  in  sonorous  bodies  by  the  influH 
once  of  sounds  in  unison.     If,  for  exniople,  we  have  a  bell  tuned  to  a  certain  note  anii 
bring  near  its  opening  a  tuning-fork  vibrating  in  unison   with  this  note,  the  bell  wiJ 
sound  vigorously  in  unison,  although  it  is  influenced  only  by  the  vibrations  in  tb©  air  pr« 
duced  by  the  primary  sound.     Wo  have  already  spoken  of  this  under  the  head  of  i 
DftBce  ;  and  sounds  produced  in  this  w&y  are  properly  called  tones  by  influence.     So 
,  physicists  designate  these  as    sympathetic  vibrations.     I*r.  Elsberg,  of  New  York,  UM«j 
the  term  co-vibratiun  and  co-^oimding,  as  applied  to  tlieae  phenomena. 

It  is  evident  that  the  median  ism  of  the  prcHhiction  of  tones  by  influence  cannot 
neglected  in  studving  the  physiology  of  auditiun.  We  have,  as  an  important  part  of  tli« 
auditory  apparatus,  the  membrane  of  the  tympanum,  capable  of  various  degrees  of  te 
eion,  which  is  thrown  into  vibration  iii  obedience  to  waves  of  *ound  conducted  by  thi 
fttmosphere;  and  it  will  be  an  important  point  to  determine  bow  far  the  YibratloDtt 
this  membrane  are  aflxn-t^d  by  the  laws  of  the  production  of  tones  by  influence. 

After  what  wo  have  learned  of  the  laws  of  musical  vibrations,  it  will  be  easy  to  con 
prebend  the  production  of  soun^ls  by  influence.     We  shall  take  first  the  most  fJinpll 
example,  applied  tostringi^i.    If  we  gently  touch  the  note  C  ufjon  the  piano,  so  as  to  i 
the  damper  but  not  sound  the  string,  and  then  sing  a  note  in  unison,  the  string  wittl 
return  the  sound,  by  the  influence  of  the  sound-waves.     The  sound  thus  produced  bTl 
the  string  will  have  its  fundamental  tone  and  overtones ;  but  the  series  of  overtones  wtH  j 
be  complete;  for  none  of  the  nodes  are  abolished,  ae  in  striking  or  plucking  the  ttriofj 
at  any  particular  point.     If,  insteml  of  the  note  in  unison,  we  sing  any  of  ihe  octiT 
the  strinc:  will  return  the  note  sung;   and  the  same  is  true  of  the  3d,   5th,  etc.     If  Pi| 
now  strike  a  chord  in  harmony  with   the  undamped  string,  thia  chord   will   b» 
returned  by  influence.     In  other  words,  a  string  may  be  made  to  sound  by  iniliiODfl*^  I 
fundamental  tone,  its  harmonios,  and  harmonious  combinations.     To  carry  the  ohitrrft' 
tion  still  fartlier,  the  string  will  return,  not  only  a  note  of  its  exact  pitch  and  iti<  liartiKni- 
ics,  but  note^  of  the  quality  of  the  primary  note.     This  is  a  very  important  point  in  it* 
applications  to  tlie  physiology  of  hearing  and  can  be  readily  illui^ntBd^    Taking  \den- 
tical  notes  in  succession,  produced  by  the  voice,  trumpet,  violin,  clarinet,  or  other  mtiw^ 
cal  iostruments,  it  can  be  eaf'ily  noted  that  the  quality  of  the  note,  aa  well  aa  ihe  pJtcii. 
ia  rendered  by  a  resounding  string:  and  the  same  is  true  of  combinations  of  notes. 

The  above  laws  of  tones  by  influence  have  been  il  Inst  rated  by  strings  merely  for  lli^ 
sake  of  simplicity  ;  but  they  have  a  more  or  less  perfect  application  to  all  bodies  capabh 
of  producing  musical  tones,  except  that  some  are  thrown  into  vibration  with  moredifll 
culty  than  others.  An  interesting  application  of  these  lawia,  however,  particularly  witiv 
reference  to  the  physiology  of  the  ear,  is  in  the  case  of  stretched  membntnc3;*lbrtJu» 
brings  to  our  mind  the  possible  action  of  the  membrana  tympani. 

If  we  have  a  thin  membrane,  like  a  piece  of  bla<lder  or  thin  rubber,  stretched  nvcr  • 
otrcular  orifice,  such  as  the  mouth  of  a  wide  bottle^  this  can  be  toned  to  a  ceit«m  note 
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Wiiea  urraDgc'd  in  Ibis  way,  the  niembraue  eun  bo  made  to  sound  its  fimdaiYiental  notis 
by  itidaence.  In  addition,  the  membrnne^  like  a  string,  will  divide  itself  so  as  to  sound  the 
Imrroonica  of  thi?  fimdamentul,  and  it  will  likewino  he  thrown  into  vibrntion  by  the  5th, 
ad,  etc,,  of  its  tnndaTriental  tone,  thui  olieyiog  the  laws  of  vibrations  of  strings,  thougfi 
the  harinonio  sounds  are  produced  with  greuttr  difficulty. 


Vges  of  Bifftrent  Parts  of  the  Auditory  Apparattu. 

Tho  uses  of  the  pavilion  of  the  ear  and  of  the  external  auditory  meatus  are  snJficienUy 
parent.  The  pavilion  serves  to  collect  the  waves  of  eound,  and  probably  it  inclines  them 
rard  the  external  meatus  as  they  come  from  various  diroclione.  Although  tbid  action 
"IS  simple,  it  unthttibf^dly  has  a  certain  degree  of  importance,  and  the  varioui§  curves  of 
Uie  concavity  of  the  pavilion  tend  more  or  leas  to  eonoontrate  the  sonorous  vil^ratiuns. 
fliich  has  long  been  tlie  opinion  ot'  physiolo^sts,  and  this  neems  to  be  carried  out  by 
•iperiraents  in  which  the  concavities  of  the  external  ear  have  been  obliterated  by  wax. 
Thei-e  is,  proliably,  no  resonance  or  vibration  of  much  importance  until  the  waves  of 
sooiid  strike  the  membrana  tympani.  The  same  remarks  may  be  made  with  regard  to 
the  external  atiditory  meatus.  We  do  not  know  precisely  how  the  obliquity  and  tho 
curves  of  tliis  canal  affect  the  waves  of  sound,  but  we  may  ftuppose  th:it  the  deviation 
from  a  straight  course  protects,  to  a  certain  degree,  the  tympanic  membrane  from  im- 
pressions that  might  otherwise  be  too  violent. 

Strttetttre  of  the  Mcmhramt  Tympani, — The  general  arrangement  of  tho  membrana 
tympani  has  already  been  described  in  connection  with  the  topographic4d  anatomy  of  the 
auditory  apparatus.  Tliis  structare,  which  is  of  great  importance  in  the  physiology  of 
hearing,  is  delicate,  elastic,  about  the  thickness  of  ordinary  gold-beaterV  skin,  and  ia 
subject  to  various  degrees  of  tension,  from  the  action  of  the  muscles  of  the  middle  ear 
and  different  conditions  of  atmospheric  pressure  within  and  without  the  cavity  of  tho 
tympanum.  Its  form  is  nearly  circular.  From  a  nnmber  of  accurate  measurements  of 
its  diameter  in  the  adults  by  Sappey,  we  may  assume  tbat  its  ring  measures  a  little  more 
than  f  of  an  inch  vertically  imd  about  f  of  an  inch  antero-posteriorly.  The  excess  of  the 
vertical  over  the  horizontnl  diameter  is  about  /^  of  an  inch.  Notwithstanding  the  awer- 
tion  of  some  of  the  older  anatomista,  that  the  tympanic  membrane  presents  one  or  two 
small  perforations,  it  is  now  almost  universally  regarded  as  forming  a  complete  division^ 
without  openings^  between  tho  external  meatns  and  the  middle  ear;  or,  if  any  openings 
exist,  they  are  exceedingly  minute. 

The  periphery  of  the  tympanic  inembriine  is  received  into  a  little  ring  of  bone,  which 
may  bo  separated  by  maceration  in  early  life,  but  which  is  consolidated  with  the  adja- 
cent bony  structures  in  the  adult.  This  bony  ring  is  incomplete  at  its  superior  portion, 
bnt,  aside  from  this,  it  resembles  tlio  groove  which  receives  the  crystal  of  a  watch.  At  the 
periphery  of  tho  membrane^  is  a  ring  of  condensed  fibrons  tissne,  wh.ioh  is  received  into 

(  bony  ring.    This  ring  also  presents  a  break  at  its  superior  portion. 

The  concavity  of  the  inembraoa  tymj^ani  presents  outward,  and  it  nmy  be  increased  or 
ffminishcd  by  the  action  of  the  muscles  of  the  middle  ear.  The  point  of  greatest  con- 
cavity, where  the  extremity  of  the  handle  of  the  malleus  is  attached,  is  called  the  umbo. 
Upon  the  inner  surface  of  the  membrane  are  two  pouches,  or  pockots.  One  is  formed  by 
a  stnall,  irregular,  triangular  fold,  situated  at  tlie  apper  part  of  its  posterior  half  and  cnn- 
slBting  of  a  process  of  the  fibrous  layer.  This,  which  is  called  the  posterior  pocket,  is  open 
l>clow  and  extends  from  the  posterior  upper  border  of  the  meinbrane  to  the  handle  of 
ihd  roallens,  which  it  assists  in  holding  in  position.  *' After  it  has  been  divided,  tho  bone 
is  much  more  movable  than  bcfure/'  (TrOltsch.)  The  anterior  pocket  is  lower  and  shorter 
than  the  posterior.  It  is  formed  by  a  small  bony  process  turned  toward  Uic  neck  of  the 
malletia,  by  the  mucous  n^embrane^  by  tiie  bony  prooess  of  the  m&lleas,  by  ita  anterior 
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ligament,  tbo  chorcU  tympany  aoJ  tho  anterior  tympanic  artery.  The  handle  oi  \ht 
malleus  is  inaertcd  between  the  two  layers  of  the  fibroas  structare  of  tb©  iii<pitibrant 
tyinpani  and  oeciijnes  the  upper  Imlf  of  its  vertical  diameter,  extending  from  the  peri|)b 
ery  to  the  umbo. 

The  membrans  tympani,  though  thin  and  translucent,  presents  tbrc^e  distinct  byen 
Its  outer  layer  is  an  excessively  delicate  i»rolongation  of  tbe  integument  lining  the  t*xti>f 
nal  meatus,  presenting,  however,  neither  papillte  nor  ^rlands.  The  inner  layer  is  a  drll 
cate  continuation  of  tbe  mucoun  membrane  lining  the  tympanic  cavity  and  is  cover 


Wta,  i9S,  —  iiiifht  metithrunn   tymjutniy  tetn  from   uitfiin.     I^roni  u  |itiiibif{Tmt>h,  uud   soiWtrKrJtftt 

(R&dtuirvr.l 
1,  hvod  of  %h*'  triAltftus.  dlrtfl^d  ;  i,  neck  of  tl»»  miitli!«Ufl;  8,  \iainiW  uf  tbe  nmnouiv  wtth  Ihv  trndon  of  tb«  1 

ofEh    . 


toasellated   epltbellal   cimih,      iia:   uin'i^w^   ponton,  or    iiinuni^i   pp'prui,  it*  lorTinn  <■[  :• 
layers.     The  outer  layer  eon«i«ts  of  fibres,  radiating  from  the  handle  of  tlt»«  luallvti*  v* 
t])e  periphery.     Tbene  are  best  seen  near  tbe  centrts     Tbe  itmer  layer  \h  c(>nip«»***t  <<( 
circulfir  fibres,  which  are  most  abundant  near  tltc  yK?ri[iliery  «nd  diminii*h  in  n«nil««ff 
toward  tbe  centre* 

Tbe  color  of  the  membrana  tympani,  wlien  it  »**  ciainined  with  «n  aural  npcculunt  bt 
daylight,  is  pecidiar,  and  it  if*  rather  difficult  tti  dewcrihe,  as  it  varies  in  the  normal  itar^ 
different  individnals,  Polititer  descHbeft  ibe  membrane,  examined  in  thw  way*  a^  trit^ 
Incent,  and  of  a  color  which  *^  roost  nearly  appronclies  a  neutral  ^vny,  mingl«l  willi  * 
weaker  tint  of  violet  and  light  yellowislibrowD.  This  color  is  modified,  in  certain  (o^ 
tioDS  of  tbe  mcfubrane,  by  the  chorda  tym(»ani  and  the  Ixmes  of  the  ear,  which  prwliw 
aome  opacity.    The  entire  membraDe  in  bealtlt  has  n  t«o(t  lustre,     hi  odditioo,  ihmt  to 
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^n,  with  proper  lUuminatian,  a  well -marked,  triimpular  cone  of  light,  with  ita  apex  at 
the  end  of  the  handle  of  the  mulleit:*,  tipreading  out  in  a  downward  and  forward  direc- 
tion^ nnd  from  ^,f  to  >j*j  of  an  inch  broad  at  its  base.  This  appearance  i^  regarded  by 
pathologists  as  very  important,  as  indicating  a  normal  condition  of  the  membrane.  It  is 
undt^obledly  due  to  reflection  of  light,  depending  upon  three  factors,  indicated  by  Roosa 
OS  follows:  "First,  the  inclination  of  the  membrana  tympani  to  the  auditory  canal; 
iecond,  the  traction  of  the  inallous,  which  renders  it  concave  at  tbe  centre;  third,  its 
polish  or  brilliancy/*  With  this  explanation,  it  is  not  admitted  tbat  the  light  spot  is  due 
to  a  peculiar  gtroctare  of  that  portiim  of  the  membrane  upon  which  it  is  seen. 


In 


Uwt  of  thr  Mrmhrana  Ti/mpa/iL— It  h  unquestionable  that  the  metnbrana  tyropani  is 
%'ery  important  In  audition.  In  cases  of  disease  in  which  the  membrane  is  thicitened, 
perforatoil,  or  destroyed,  the  aonteness  of  hearing  is  always  more  or  lees  affected.  That 
this  is  in  great  part  due  ti>  the  absence  of  a  vibrating  surface  for  the  reception  of  waves 
of  sotmd,  is  shown  by  the  relief  which  is  experienced  by  those  patients  who  can  tolerate 
the  presence  of  an  artificial  membrane  of  rubber,  when  thia  is  introduced.  As  regards 
the  mere  acuteness  of  hearing,  a^ide  from  the  pitch  of  sounds,  the  explanation  of  Uie 
action  of  t lie  membrane  is  very  e»imple.  Sonorous  vibrations  are  not  readily  transuiittcd 
through  the  atmosphere  to  solid  bodies,  like  the  bones  of  the  ear;  and  when  they  are 
ihas  transmitted  they  lose  considerably  in  intensity.  Wlien,  however^  the  aerial  vibra- 
^lioos  are  received  by  a  delicate  membrane,  under  the  conditions  of  the  membrana  tym- 

i*  they  are  transmitted  with  very  little  loss  of  intensity ;  and,  if  this  membrane  be 
isbnnected  with  solid  bcnlies,  like  the  bones  of  the  middle  ear,  the  vibrations  are  readily 
eonveyt^d  to  the  sensory  portions  of  tbe  auditory  apparatus.  The  parts  composing  the 
middle  car  are  thus  admirably  adapted  to  the  transmission  of  sonorous  waves  to  the 
auditory  nerves.  The  membrane  uf  the  tympanum  is  delicate  in  structure,  stretched  to 
the  proper  tlegree  of  tension,  and  vibrates  under  the  influence  of  the  waves  of  sound. 
Attached  to  this  membrane,  is  the  chain  of  bonc^,  which  ccndnots  its  vibrations,  like 
the  bridge  of  a  violin,  to  the  liquid  of  the  labyrinth.  The  membrane  is  fixed  at  its 
periphery  and  has  air  upon  botlj  sides,  so  tliat  it  is  under  the  most  favora!>le  conditions 
for  vibration. 

A  study  of  tlie  mechanism  of  tlie  ossicles  and  muscles  of  the  middle  ear  shows  that 
the  membrana  tympani  is  subject  to  certain  physiological  variations  in  tension,  due  to 
contraction  of  the  tensor  tympani.  It  is  also  evident  that  this  membrane  may  be  drawn 
in  and  rendered  tense  by  exhausting  or  rarefying  the  air  in  the  drum.  If  the  mouth  and 
nrise  be  closed  and  we  attempt  to  breathe  forcibly  by  expanding  the  chest,  the  external 
pressure  tightens  the  membrane.  In  this  condition,  the  car  is  rendered  insensible  to 
gFiire  sounds,  but  high-pitclied  sounds  appear  to  be  more  intense.  If  the  tensi«m  be  ro» 
Uc^Ted,  as  may  he  done  by  an  act  of  swallowing,  the  grave  sounds  are  heard  with  normal 
distinctness.  Tiiis  experiment,  tried  at  a  concert,  prwjuces  the  curious  etfect  of  alnjlish- 
ing  a  great  number  of  the  lowest  tones,  while  the  shrill  sounds  are  heard  very  acutely. 
The  same  phenomena  are  observed  when  the  extcrnnl  pressure  is  increased  by  descent  in 
a  diving-belL 

Undoubted,  cases  of  voluntary  contraction  of  the  tensor  tympani  have  been  observed 
by  otologists;  and  in  these,  by  bringing  this  maacle  into  action,  the  limit  of  the  perception 
of  high  tones  is  greatly  increased.  In  two  instances  of  this  kind,  recorded  by  Dr.  Blake, 
of  Bo*itr>n,  the  ordinary  limit  of  perception  was  found  to  be  three  thousand  single  vibra- 
tions; and,  by  contraction  of  the  muscle,  this  was  increased  to  five  thousand  single  vibra- 
tiona. 

The  membrana  tympani  undoubtedly  vibrates  by  infliionce,  when  it  is  brought  in 
accord  with  a  jriven  note.  In  other  words,  this  membrane  obeys  the  laws  of  consonance 
and  vibrates  strongly  by  the  influence  of  sounds  in  unison  or  in  harmony  witli  its  ^mda- 
mental  tone.    The  laws  of  vibrations  by  influence  have  already  been  fully  discussed ; 
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and  tt  rcmalos  far  na  now  to  determine  how  far  tlje»e  I&ws  are  apptiodble  to  tli4>  plijri 
olf>gy  of  the  vibrations*  of  the  mem  bran  a  tyiupani  and  the  action  of  these  TibmUuna  i 
tlie  accurate  peroei»tioD  of  musical  sounds. 

There  are  certain  pbenomena  of  vibration  of  the  meiubrana  tympani  that  must  o<?<'Of^ 
as  a  physical  necet^^itj,  under  favorable  oonditionjj^  wbit'h  it  is  important  to  note  in  tbi 
connection ;  and  tbe^e  have  hardly  attracted  sufficient  attention  at  thi*  liaiid*^  of  phytii 
logical  writers*     In  the  first  place,  this  membrane  must  obey  the  laws  of  vibration  li; 
influence.     It  is  undoubtedly  thrown  into  vibration  by  irregular  waves  of  uobe.  at»  ctm\ 
distinguished  from  luusical  tones;  but,  when  a  lone  is  i^ounded  in  unison  wrth  it^  fuiidft- 
mental  tone,  or  when  the  tone  sounded  is  one  of  tbe  octaves  of  its  fundamental,  ii  tnn 
underf^o  a  vibration  by  intluence,  Hke  an  artificial  membrane.     If  we  sopj>08e  the  mem-! 
brane  to  be  timed  in  unison  with  a  certain  note,  it  will  not  only  return  this  note  by  influ-j 
ence,  but  it  will  repeat  its  quality.     Not  only  this,  when  a  combination  of  barmonioui 
tones  is  sounded,  the  combined  sound  will  be  returned,  with  all  the  shaded  in  qualityi 
wliieh  the  combined  tones  pmduce.     On  account  ol'its  small  size^  the  sound  prodnce*!  by, 
the  exposed  membrane  itself  cannot  be  heard ;  but  tbat  the  membrane  does  Tibrate  h] 
inttnence,  has  been  proven  by  exjwriments  with  small  particles  of  sand  on  its  surface. 

We  are  certainly  justified  in  supposing  that  vibrations  of  the  membrana  tympani,  Uh^ 
delicate  to  be  revealed  to  the  eye  or  the  ear  in  objective  experiments,  may  be  apprec'mt^rd 
by  the  auditory  nerves  as  a  subjective  phenomenon*  In  other  words,  we  can  probably  ap- 
preciate vibrations  in  our  own  tympanie  membrane,  when  the«e  would  be  too  delicate  V) 
be  observed  by  the  eye  or  ear^  in  a  membrane  exposed  and  subjected  to  similar  infloeac^M. 
Tbis  point  nmst  be  accepted  as  jjrobable;  and  it  cannot  be  proven  by  direct  expertnieBt 
If  tbis  be  true,  the  most  complex  combinations  of  sound  produced  by  an  orchestra  niigltt 
be  actually  reproduced  by  the  tympanic  membrane,  if  this  membrane  were  accurately 
tuned  to  tbe  fundamental  tone. 

The  arrfln^'cment  of  the  muscles  and  bonea  of  the  middle  ear  admits  of  the  possibtlil 
of  tuning  the  membrana  tympaui  with  exquisite  nicety.  These  must^les  are  aometiiuci 
far  under  tbe  coulrol  of  the  will  that  we  can  tighten  tbe  membrane  to  its  limit  by  a  voJr 
untary  efi\»rt;  the  muscles  are  of  the  striated  variety,  and  are  capable  of  rapid  aetlofi? 
they  are  sujjplied  with  motor  filaments  from  the  cerebro-spinal  system ;  the  ear  is  fatigtjeO 
by  long  attention  to  particular  tones;  persons  not  endowed  w*lth  what  is  termed  a  muai 
ear  cannot  appreciate  slight  distinctions  between  different  tones;  the  ear  is  capable 
ediieatlun  in  the  appreciation  of  pitch  and  in  following  rai>id  successions  of  tones;  and,  ta 
short,  there  are  many  points  in  the  mechanism  of  the  transmission  of  musical  sounds  in 
the  ear  tbat  seem  to  involve  muscular  action.  In  tlie  larynx,  we  are  conscious  of  dhfcr 
enoes  in  the  tension  of  the  vocal  chords  only  from  diflFerences  in  tlie  character  and  pilflj 
of  the  sounds  produced  ;  in  the  eye,  we  are  conscious  of  the  contraction  of  the  mQnelv 
accommodation  from  the  fact  that  an  effort  enables  us  to  see  objects  distinctly  at  difltr 
ent  distances;  and  it  is  not  impossible  that,  under  ordinary  conditions,  the  coiisciooaDsii 
of  contractions  of  the  muscles  of  the  middle  ear  may  be  revealed  only  by  the  fort  of  thi 
correct  aj^preciation  of  certain  musical  tones.  Some  perstms  can  educate  tbe  ear  so  aftu 
acquire  what  is  called  the  facidty  of  absolute  pitch;  tbat  is,  w^ithout  the  aid  of  a  taninC' 
fork  or  any  musicjd  instrument,  they  can  give  the  exact  musical  value  of  any  girim  l*«*- 
A  possible  explanation  of  this  is  that  such  persons  may  have  educated  the  mosc3csor  llie 
ear  m  as  tn  put  tbe  tympanic  tnembrane  in  sue  h  a  condition  of  tension  as  to  reii{Miiid  !• 
a  gi%'en  note  aud  to  recognize  the  posittr>n  nf  this  note  in  the  musical  scale,  Finilly,  w 
accomplished  musician,  in  conducting  an  orchestra,  can,  by  a  voluntary  effort,  direct  ti» 
attention  to  certain  instruments,  and  bear  their  notes  distinctly,  separating  theia,  i*  it 
were,  from  the  general  mass  of  sound,  can  distingui.sh  the  faintest  discords,  and  imnttdr 
ately  designate  a  single  instrument  making  a  false  note. 

The  fact  that  rapid  successions  of  notes  are  readily  appreciated  does  not  of  oectisitr 
argue  against  the  possibility  of  following  these  notes  with  tbe  jnuscles  of  the  cat;  forClie 
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mtiaoles  of  the  larynx  may  act  tro  as  to  produce  fluocesfiions  of  notes  as  rapidly  as  they  can 
b«  correctly  appreciated.  Nor  does  the  fact  that  we  must  prepare  the  tympanic  mem' 
brane  for  eerlaiu  cotes  militate  againbt  the  theory  wu  have  just  given,  for  mufiicuil  com- 
pogitioik*  preaent  meludions  euccessioQS  in  a  certain  scale,  the  notes  of  which  bear  well- 
defined  harmouiou^  relatione  to  each  other,  and  we  immediately  appreciate  a  change  in 
the  key,  which  h  sitnply  a  change  in  the  fimdumental.  These  changes  in  the  key  muBt 
1^^  made  in  accordance  with  the  laws  of  modtilation;  otherwise  they  are  harsh  and  grat- 
HRi*  Modulation  in  music  ia  simply  a  mode  of  passing  from  one  key  to  another  by  certain 
transition -notes  or  chords,  which  seem  inevitably  to  lead  to  a  certain  key,  and  to  no 
other.  Finally,  the  laws  of  vibration  by  intluence  show  tiiat  a  single  vibrating  membrane 
returim  the  quality  as  well  as  tlie  pitch  of  tones  aod  of  combinations  of  tones  as  well. 

The  theory  we  have  just  givtm  of  the  posaibl©  action  of  the  membrana  tympani  is  an 
elaboration  of  the  view  advanced  by  Everard  Home.  Unfortunately  for  the  simphcity  of 
the  mechanism  of  hearing  and  the  idea  of  division  and  isolation  of  function  in  difiereat 
parts^  which  is  ao  seductive  to  physiologists^  there  are  certain  facts  and  considerationa 
which  may  prevent  some  from  adopting  it  absolutely  and  e^cclusively  aa  an  explanation 
of  the  mechanism  of  the  appreL-iatlon  of  musical  sounds.     These  are  the  follow  iug: 

Destruction  of  both  membranie  tympani  does  not  necessarily  produce  total  deafncsai 
although  this  condition  involves  couBiderable  impairment  of  hearing.  So  long  as  there 
la  simple  destruction  of  these  mciuhranes,  the  bones  of  the  middle  car  and  the  other 
^arts  of  the  auditory  apparatus  being  intact,  the  waves  of  sound  are  conducted  to  the 
auditory  nerves,  though  imperfectly.  In  a  remarkable  case  reported  by  Sir  Astley 
Cooper,  which  is  cited  by  most  writers  upon  physiology,  one  membrana  tympani  was  en- 
tirely destroyed,  and  the  other  was  nearly  gone,  there  being  some  parts  of  its  periphery 
remaining.  In  this  person,  the  bearing  was  somewhat  impaired,  although  he  could  dis- 
tinginsh  ordinary  conversation  pretty  well.  Fortunately,  he  had  considerable  musical 
I,  and  it  was  ascertained  that  his  musical  ear  was  not  seriously  impaired ;  *'  for  he 

kjed  well  on  the  flute  and  had  frequently  borne  a  part  in  a  concert.  1  speak  tliis,  not 
from  his  authority  only,  but  also  from  that  of  his  father,  who  is  an  excellent  judge  of 
mosic,  and  plays  well  on  the  vioUn:  he  told  me,  that  his  son^  besides  playing  on  the 
€ot©»  Hung  with  much  taste,  and  perfectly  in  tune.'*  Tliia  single  case,  if  its  details  be 
aoctirate— which  we  have  no  reason  to  doubt— shows  conclusively  that  the  correct  appre- 
ciation of  musical  sounds  may  exist  independently  of  the  action  of  the  membrana  tym- 
pani. 

Ther«  is  one  consideration,  of  the  greatest  importance,  that  must  be  kept  in  view 
la  «titdying  the  functions  of  any  distinct  portion  of  the  auditory  apparatns,  like  the 
membrana  tympani.  This,  like  all  other  parts  of  the  apparatus,  except  the  auditory 
nerves  tlicmselvcs,  has  simply  an  accessory  function.  If  the  regular  waves  of  a  musical 
tone  be  conveyed  to  the  terminal  filament*  of  the  auditory  nerves,  these  waves  make 
their  impression  and  the  tune  \s  appre<'iated.  It  makes  no  difference,  except  as  regards 
intensity,  how  these  waves  are  conducted :  the  tone  is  appreciated  by  the  impression 
made  upon  the  nerves,  and  the  nerves  only.  Tbe  waves  of  sound  are  not  like  the  waves 
«f  light,  refracted,  decomposed,  perhaps,  and  necessarily  brought  to  a  focus  as  they  im- 
pinge upon  the  retina ;  as  far  as  the  action  of  the  accessory  parts  of  the  ear  are  concerned, , 
the  waves  of  sound  are  unaltered  ;  that  is,  the  rate  of  their  succession  remains  absolutely 
the  aaine,  though  they  be  reflected  by  the  concavities  of  the  concha  and  repeated  by  the 
tyKQpanic  membrane.  Even  if  we  assume  that  the  membrane,  under  normal  condiliona, 
repeats  musical  sounds  by  vibrations  produced  by  influence^  and  tfiat  this  membrane  is 
ttined  by  vfjluntary  muE^cular  action  .ho  that  tones  are  exactly  repeated,  the  position  of 
these  tones  in  the  musical  scale  is  not  and  cannot  be  altered  by  the  action  of  any  of  the 
accessory  organs  of  hearing.  The  fact  tliat  a  person  may  retain  his  musical  car  with 
both  membranes  destroyed  is  not  really  an  argument  against  the  view  that  the  membrane 
repeats  tones  by  intluence;  for,  if  musical  tones  or  noisy  vibrations  be  conducted  to  the 
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aiz^torjr  nerves,  the  inipresBion  prodiice<J  must  of  necessity  be  dependent  exclotuve); 
upon  the  character,  regularity^  und  number  of  the  sonorous  vibrations.  And,  a^ain,  tJi< 
physical  hiws  of  sound,  which  are  fixed  and  an  changeable,  teach  us  that  a  membmije'^' 
like  the  membrana  tyrapnni,  must  return  or  reproiiuee  soundii  which  are  in  unison  or  trt 
bannooiout^  with  its  fundamental  tone,  mueh  more  perfectly  than  discordant  or  irrej^ltr 
vibrations.  In  a  loud  confusion  of  noisy  sounds^  we  can  readily  distinguish  pore  metodr 
or  harmony,  even  when  the  vibrations  of  the  latter  are  comparatively  feeble.  In  follow- 
ing with  the  ear  any  piece  of  music,  reasoning  from  purely  physical  considerations^  it 
must  at  times  oc^eur  that  tiie  tones  are  in  exact  unL«*on  or  in  harmony  with  the  ftinda^ 
mental  tone  of  the  membrana  tympani.  Supposing  the  fundamental  tone  of  the  mem- 
brane to  be  constant  and  invariable,  &uch  tones  would  be  heard  much  more  disiindJr 
than  otJjera,  as  a  physical  necessity.  Such  a  difference  in  the  appreciation  of  certaia 
notes  in  melody  does  not  occur ;  and  the  only  reasonable  explanation  of  this  is  that 
tension  of  the  membrane  is  altered.  It  is  shown  by  anatomical  researches  that  the  t 
sion  can  be  altered  by  muscular  action,  and,  as  the  muBcles  are  striated,  we  noay  suppi 
that  it  may  be  raodifted  rapidly.  Physiological  observations  show  that  such  modifica- 
tions in  tension  do  occur ;  and  tbere  are  on  record  unquestionable  instances  in  which  the 
raembrana  tynipani  is  tightened  by  a  volunUiry  contraction  of  the  tensor  tympani  mn*<*le- 

Another  important  point  to  note  in  this  connection  is  the  following:  Can  h  ht 
shown  that  the  appreciation  of  the  pit<*h  of  tones  bears  any  relation  to  the  degree  of  Ita- 
sion  of  the  tympanic  membrane  1?  We  can  answer  this  question  unreservedly  in  tim 
affirmative.  When  the  membrane  is  rendered  tense,  there  is  insensibility  to  low  toacft. 
When  the  membrane  is  brought  to  the  highest  degree  of  tension  by  voluntary  contrte- 
tion  uf  the  tensor  tympani,  the  limit  of  appreciation  of  high  tones  may  be  raised  from 
three  thousand  to  five  thousand  vibrations.  It  is  a  fact  in  the  physics  of  the  niembmni 
tympani,  that  the  vibration?*  are  more  intense  the  nearer  the  membrane  approa^'hes  to  i 
vertical  position.  It  has  al^*  been  shown  that  the  membrane  has  a  strikingly  verticiil 
position  in  musicians,  and  that  tlie  position  is  very  oblique  in  persons  with  an  imperfect 
musical  ear.  This  fact  has  a  most  important  bearing  upon  the  probable  relation  betwefi 
the  membrana  tympani  and  the  correct  appreciation  of  musical  sounds. 

In  view  of  all  fact^  and  considerations  for  and  against  the  theory  which  we  htft 
given  of  the  action  of  the  tympanic  membrane  in  tlie  appreciation  of  musical  souadi, 
does  it  not  seem  probable  that  tbere  are.  acting  upon  this  membrane,  muscles  of  aoditory 
accommodation,  analogous  in  their  operation  to  the  muscle  of  visual  accommodatioilf 
We  have  carefully  studied  this  subject  in  all  it^*  bearings,  and,  if  tlte  reader  follow  dotdj 
our  process  of  reasoning,  it  must  seem  probable  that  the  muscles  of  the  middle  car  nt 
mnscles  of  auditory  accommodation  ;  but  it  should  be  remembered  that  the  artioa  of  tlw 
membrane  is  not  absolutely  essential  and  that  musical  tones^  however  conducted,  muH 
of  necessity  be  correctly  appreciated^  whenever  and  however  they  find  their  way  to  t3>r 
auditory  nerves. 

Experiments  have  shown  pretty  concluMvely  that  the  tympauic  membrane  vihnt«» 
more  forcibly  when  relaxed  than  when  it  is  tense.  U  is  evident  that  the  relaxed  tneoi* 
brane  must  undergo  vibrations  of  greater  amplitude  than  when  it  is  under  strong  Utmau 
.In  certain  cases  of  facial  palsy,  in  which  it  is  probable  that  the  branch  of  the  fftcial  gubif 
to  the  tensor  tympani  was  affected,  the  ear  became  painfully  sensitive  to  powerful  impfw- 
sions  of  sound.  This  probably  has  no  relation  to  pitch,  and  most  sounds  that  art  pii»' 
folly  loud  are  comparatively  grave.  The  tension  of  the  membrane  may  be  modified  m  i 
means  of  prot-ection  of  the  ear,  but  the  facts  belonging  to  cases  of  facial  palsy  mn  all 
that  we  have  bearing  0fM>n  this  point.  Artillerists  are  in  danger  of  nipturc  of  the  mc© 
brana  tympani  from  sudden  concussions.  To  guard  again^^t  this  injury,  it  is  rPCPB* 
mended  to  stop  the  ear,  draw  the  slioulder  up  against  the  ear  most  in  danger,  and  pirti- 
cularly  to  inflate  the  middle  ear  after  Valsalva's  method.  **This  method  coaidfts  JD 
making  a  powerful  expiration,  with  the  mouth  and  noatrils  closed.** 
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M^huniiim  of  the  Ossitlett  of  the  Ear. — Tbe  orioles  of  the  middle  ear,  in  coDnection 
witli  the  muscles,  have  a  twofold  function  :  First,  by  the  action  of  the  musoles,  the 
membrnnft  tympani  may  be  brought  to  different  degrees  of  tension.  Second,  the  chain 
of  bones  serveis  to  conduct  sonorous  vibrations  to  the  labyrinth.  It  mnjit  be  remembered 
tthAt  tbe  handle  of  the  nialleof^  is  closely  attachetl  to  the  membrana  tyrupani,  especially 
iitar  its  lower  end*  Near  the  short  process,  the  attachment  is  looser  and  there  is  even 
*!■ 'ittConiplete  joint-space  at  this  point.  Tbe  long  proe^ss  is  attm:hed  closely  to  the 
iQiMibrian  Hs^iure  of  the  temporal  bone. 

The  malleus  ]s  articulated  witli  thw  incus  by  a  very  peculiar  joint,  which  has  been 
itocurately  described  by  Uelmholtz.  This  joint  is  so  arrange*!,  presenting!  a  &<-»rt  tif  cog, 
that  the  handle  of  the  malleiLs  can  rotate  only  outward;  and,  when  a  force  is  applied 
which  would  have  a  tendency  to  produce  a  rotation  inward,  the  malkne  tmist  carry  tijo 
locns  with  it.  This  mechanism  has  been  aptly  compared  by  Helmholtz  to  that  of  a 
watch-key  with  cogs  which  are  fitted  together  and  allow  the  whole  key  to  turn  in  one 
diroction,  but  are  separated  so  that  only  the  upper  portion  of  the  key  turns  when  the  force 
is  applied  in  the  opposate  direction.  In  the  articulation  between  the  malleus  and  the 
incos^  the  only  difference  is  that  there  is  but  one  cog  ;  but  this  is  sufficient  to  prevent  an 
independent  rotation  of  the  malleus  inward.  This  enables  us  to  underntimd  the  at'tion 
of  the  tensor  tyrn[>ftiii  muscle.  By  the  contraction  of  this  muscle,  ''  all  the  bands  which 
give  finnneas  to  the  position  of  the  ossicles  are  rendered  tense.  This  muscle,  in  the  first 
place,  draws  the  handle  of  the  hammer  inward^  and  with  it  the  membrana  tympani.  At 
the  same  time  it  pulls  upon  the  axis-band  of  the  hammer,  drawing  it  inward  and  putting 
it  upon  the  stretch.  Another  effect,  a,s  we  have  shown,  is  to  draw  the  head  of  the  ham- 
mer away  from  the  tympano-incudal  joint,  to  tighten  all  the  ligaments  of  the  anvil,  those 
toward  the  hammer  as  well  m  those  at  the  end  of  its  sliort  process,  and  to  lift  the  latter 
up  from  its  bony  bed.  In  this  way  the  anvil  is  brought  into  the  position  where  the  cogs 
of  the  maUeo-incudal  joint  tit  into  one  another  the  tightest.  Finally,  the  long  process 
of  the  anvil  is  compelled  to  form  a  rotation  inward  in  company  with  the  handle  of  the 
hammer;  in  &o  doing,  as  we  shall  see  further  on,  it  pressea  upon  tljo  stirrup  and  drives 
it  into  the  oval  window  against  the  fin  id  of  the  labyrinth. 

"  In  this  respect  the  construction  of  the  ear  is  very  remarkable.  By  the  eontraction 
of  the  *«ingle  maas  of  elastic  fibres  constituting  the  tensor  tympani  (whose  tension,  besides, 
ts  variable  and  may  be  adapted  to  the  wants  of  the  ear)  all  the  inelastic  tendinous  liga» 
ment^  of  the  ossicles  are  sttmiltaneously  ]mX  tip<m  the  stretch/'     (HelmhoHz.) 

The  body  of  the  incus  is  attached  to  the  posterior  bimy  wall  of  the  tympanic  cavity. 
Its  articalation  with  the  malleus  has  just  been  indicated.  By  the  extremity  of  its  long 
firoo^as,  it  is  also  articulated  with  the  stapes,  which  completer  the  chain.  In  jii7»/,  the 
Utapm  forms  nearly  a  fight  angle  with  tlie  long  process  of  the  incus. 

The  stapes  is  articulated  with  the  incns,  as  indicated  above,  and  its  oval  ha*e  is  applied 
to  the  fenestra  ovalis.  Surroiindiitg  the  ba-M?  of  the  stapes,  is  a  ring  of  elai^tic  fibro-CArti- 
lage,  which  is  closely  united  to  the  bony  wall  of  the  labyrinth,  by  an  extension  of  the 
perlostouni  over  the  base  of  the  stapes. 

**Tbc  relation  of  the  stirnip  to  the  anvil  is  such  that,  if  the  handle  of  tbe  hammer  be 
dmwn  inward,  the  long  proce^sa  of  the  anvil  presses  tirmly  against  the  knob  of  the  Btirrnp; 
the  same  takes  places  if  the  capsular  ligament  between  both  be  cut  through."  (If^lTn- 
) 

Tbe  articulations  between  the  malleus  and  the  incus  and  between  th©  incns  and  the 
itapeA  are  so  arranged  that,  when  the  membrana  tympani  is  forced  outwanl,  as  it  may 
ho  by  inflation  of  the  tympanic  cavity,  there  is  no  danger  of  tearing  the  stapes  from  it^ 
attachment  to  the  fenestra  nvalis ;  for,  when  the  handle  of  the  mallens  is  drawn  outwanl, 
tbe  cog -joint  between  the  midlens  and  the  incus  i»  loosened  and  no  great  traction  can  be 
exerted  npon  the  stapee. 

Although  experiments  have  demonstrated  pretty  conclusively  the  mechanism  of  tho 
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ossicles  and  the  aeticm  of  the  teD9or  tjmpani  musolef  both  as  regardji  tbo  obain  of 
atiJ  the  membrana  tympanic  direct  observations  are  wanting  to  ahow  the  exact  relatlom" 
of  th«i»e  dili'erent  conditions  of  the  ossicles  and  of  the  membrane  to  the  phjsiologj  of 
audition.  One  very  important  physical  point,  however,  which  has  Wen  the  subject  of 
much  discussion,  h  settled.  The  chain  of  boncB  ticta  as  a  single  sohd  boOy  in  eonductin 
vibrations  to  the  labyrinth.  It  is  a  matter  of  physical  demonstration  that  vibration.^  < 
the  bones  themselves  would  be  infinitely  rapid  aa  compared  with  the  hij^hest  tones  whic 
can  be  appreciated  by  the  ear,  if  it  were  possible  to  induce  in  tbei^  bones  regaLar  vibr 
tions.  Practically,  then,  the  ossicles  have  no  independent  vibrations  tlmt  we  can  a|>pn 
ciate.  This  being  the  fact,  the  ossicles  simply  conduct  to  tlie  labyrinth  the  vibratio 
induced  in  tlie  raembrana  tympani  by  sound- vv aves ;  and  their  arrangement  is  sue 
the^e  vibrationij  lose  very  little  in  intensity.  While  it  has  been  shown  experim€ 
that  the  ajuplitude  of  vibration  in  the  membrana  tympani  and  the  ossiclen  dimio 
witli  the  tension  of  the  membrane^  it  would  seem  that,  when  thd  tenaor  tympani 
tracts,  it  must  render  the  conduction  of  sound-waves  to  the  labyiioth  more  delicate 
vvlien  tlie  auditory  apparatus  is  in  a  relaxed  condition,  which  we  may  compare  with  th 
*'^  indolent '*  condition  of  the  apparatus  of  accommodation  of  the  eye.  When  the  loc 
brana  tympani  is  relaxed  and  tbe  cog-like  articulation  between  the  malleus  and  tbe  i 
is  loosened,  the  vibrations  of  the  membrane  and  of  the  malleus  may  have  a  greater  ainpB' 
tude;  but,  when  the  malleo-incudal  joint  Ls  tightened  and  the  stapes  is  pressed  igainal 
the  fenestra  ovalis,  tbe  loss  of  intensity  of  vibration  in  conduction  through  the  boats  to 
tbe  labyrinth  must  be  reduced  to  the  minimum.  With  this  view,  the  tensor  tympaai 
muscle,  w  hde  it  contracts  to  secure  for  the  membrana  tympani  the  degree  of  tensioti 
most  favorable  for  iribration  under  the  iniluence  of  certain  tones,  puts  tbe  chain  of  bones 
in  the  condition  bi-st  adapted  to  tbe  conduction  of  the  vibrations  of  the  membrane  to  iho 
labyrinth,  witli  the  smuliest  possible  loss  of  intensity. 


PhysioloyiGal  Anatomr/  of  the  Internal  Mar, 

The  internal  car  consists  of  the  labyrinth,  which  is  divided  into  the  vestibule,  scnii- 
circahir  canals,  and  cochlea.  Tlie  general  arrangement  of  theee  parts  ha^  already  Wo 
described;  and  it  remains  for  us  only  to  study  the  i^tructures  cont^ned  within  the  booj 
labyrinth,  in  so  far  a**  their  anatomy  bears  upon  tbe  physiology  of  audition.  The  mutf 
delicate  and  complicated  points,  by  far,  in  the  anatomy  of  tbe  auditory  apparatus  arr 
connected  with  tbe  histology  of  the  internal  ear,  which,  since  theresearoheaof  Corti,  hi* 
been  studied  very  closely,  particularly  in  Germany.  W^e  shall  avoid,  however,  the  di»- 
eusslon  of  histological  questions  of  purely  anatomical  interest  and  eontine  oun9lTi»  fes 
those  points  which  have  a  direct  bearing  upon  ])hy>'tology. 

Parsing  inward  from  the  tympanum,  the  lirat  division  of  thi>  internal  ear  is  the  »*•- 
tibule.  This  cavity  communicatoa  with  tbe  tympanum  by  the  fenestra  OTtilis,  wh»cfa  i> 
closed  in  the  natural  state  by  the  base  of  the  stapes.  It  commnnicatea,  nJsOi  with  ths 
semicircular  canals  and  with  the  cochlea. 

General  Arrangement  of  ike  Memhranotu  Labyrinth, — ^Tlie  bony  labyrinth  is  Uoal 
by  a  moilcrately  thick  penostenm,  consisting  of  connective  tissue,  a  few  delicate  dt^ 
tibres,  numerous  nuclei,  and  bh>od-vessels,  with  j^pots  of  calcareous  concretions,    TT''* 
metnhrane  adheres  closely  to  the  bone  and  extends  over  the  fenestra  ovalis  and  the  f^ 
tra  rotunda.    Its  inner  surface  is  timooth  and  covered  with  a  single  layer  of  cell 
rneut-epithelium,  which  in  some  parts  is  segmented  and  in  others  forms  a  « 
nucleated  »heet.     In  certain  portions  of  the  vestibule  and  semicircular  canals,  tbe  pen^M 
leum  is  united  to  the  membranous  labyrinth,  more  or  less  closely,  by  tibrous  baiiils 
which  have  been  called  ligaments  of  the  labyrinth.     The  fenestra  rottinda,  wbioli  li« 
between  the  cavity  of  the  tympanum  and  the  cochlea,  1*^  closed  by  a  aiombniri*'  Umi^ 
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l>y  an  cxten.sion  of  the  periosteuni  lining  the  oochleii,  on  the  one  mde,  and  the  mucous 
memhrane  lining  the  tympanic  ctivity,  on  the  other. 

In  the  hony  vestlbnie,  ooeupying  iilnHit  two-thirtls  of  its  cavity,  are  two  distinct  sacs; 
A  large^  ovtiid  sue,  the  olrii'Je,  situated  in  the  upper  and  posterior  portion  of  the  cavity, 
and  a  sinidler,  rounded  :^ac,  the  aaccok%  situated  in  its  lower  and  anterior  portion.     Tho 


L^V 


Fte.  tM^— JMcflpram  of  the  htbyrinlh,  r4*tibuU,  ami  mmirirfutnt  Ciinahn.     Fmm  a  [thotfigraph,  atul  AOtuewhiU, 

reduced.    (KfiillDirtr.) 
TTpper  llifitR:  1,  otHirlc;  2,  ia<?4:rutf«;  8,  h,  ineuihruioujt  cochtcn;  1,  c*ani>li«  n>aQk>r.s  :  ft,  ticmJdreiJliir  rattabi. 
Lmrflr  fl^nn:  1,  ittrid<f ;  %  aaccuk'^  ^  4,  <k  AinpmtlK  ;  5,  T,  il,  f)^  jiemkUtnikr  cmtiali :  10,  auditory  oervt^  mortly  dlji' 
;rnraxQ»tlc) ;  1 U  li,  ll!i,  14. 15,  dlstribtiUDii  of  th/fi  brincbM  c»f  tlut  ow«  to  th«  veatlbok  and  the  nemldreaior  cohaIi ; 
16,  g^DifllofDnu  enlargiFmeiit 

iitriclo  conamnnicates  with  the  semicircnlar  canals;  and  the  saccule  opens  into  theraem- 
branona  canal  of  tlie  cochlea  hy  the  ranalis  reuniens.  At  a  f^oint  in  the  utricle  corre- 
sponding  to  the  entrance  of  a  branch  of  the  anditory  ner^e,  in  a  round,  whitish  ?potj  called 
the  acoustic  spot  fmncula  acustica),  containing  otoliths,  or  otoconittT  whitdi  are  attached 
to  the  inner  surface  of  tho  membrane,  A  similar  spot,  containing  otolith;*,  exists  in  the 
sat^cnle  nt  the  point  of  entrance  of  its  nerve.  Otoliths  are  also  found  in  the  ampullm  of  the 
semicircular  canals.  The^e  cah-areoos  rnas^ios  are  composed  of  cry8tatH  of  carbonate  of  litne, 
which  are  hexa;:onal  and  pointed  at  their  extremities.  Nothinj?  definite  is  known  of  the 
function  of  these  cah-areous  biwlies.  which  exist  in  man,  niammaK  birds,  and  reptiles. 

The  membranous  semicircular  canals  or^cnpv  iihout  one-third  of  the  cavity  of  the  bony 
canals.  They  prisent  little  ovoid  dilatations,  calltjd  ampullro,  corresponding  to  the  ampul- 
larj  enJar^emeots  of  the  bony  canal". 

The  membrane  of  the  cocdilea,  including  the  limng  i^eriostenm,  occupies  the  spirat 
canal  of  the  cochlea,  which  it  fills  completely.     Viewed  externally,  it  appears  as  a  sin/jfle 


844 


SPECIAL  SENSES. 


tobe^  foUowiDg  the  ttim.s  of  tiio  bony  cochlea,  beginning  below,  at  the  firai  laro,  hf  { 
blind  extrefiiilVi  tuid  terminating  in  a  blind  extremity  at  the  summit  of  the  cochleiL 
w©  make  ii  section  of  the  cochlea  in  li  direction  vertical  to  its  coils^  it  will  be  seen  th| 
this  canttl  h  divided,  partly  by  bone  and  partly  by  membrane,  into  an  inferior  paiiicin^l 
superior  portion,  jtnd  a  triangidar  canal^  lying  between  the  two,  which  is  external. 
bony  septum  is  in  the  form  of  a  sipiral   plate,  extending  from  the  ceotrol  colnniti  (t] 
modiolus)  into  the  cavity  of  the  cochlea^  about  hdf-way  to  its  externaJ  walJ^  aud  ti*rTMi-{ 
nating  above  in  a  hook-shaped  extremity^  culled  the  hamulufi.    The  free  edgi»  of  thk 
bony  lamina  is  thin  and  dense.     Near  the  central   column,  it  divides  into  two  plafi**,! 
with  an  intermediate  lipongy  structure  in  which   are  lodged  ves&els  and  nertw. 
>^urface  of  the  botiy  latuina  looking  toward  the  base  of  tho  oodilca  t»  marker)  by  nttin 
CUB  regular  transverse  ridges,  or  Btrite. 


Fi*;.  2(\^'^0Mit\»/ram  t^nou^  animuU.     <Bildiitg«r,) 
1,  lltMli  tbo  poiH  :  2,  from  the  berrlD^ ;  \  from  ibe  dfivil-flsh  ;  4,  tfom  the  niBck«rol;  fi^  fttmi  IIm  A>  locfkL  .  f-.  ^« 
the  plkr :  7,  frum  tbff  e«r|i ;  ^  ttom  tlic  »y :  %  frocn  tbe  thirlL ;  IQ^  tnm  tlM  gfim'^- 

Attached  to  the  free  margin  of  the  bony  lamina,  i^  a  membrane  (the  mcmbrana  h4«* 
Jarii)  which  extends  to  the  outer  wall  of  the  cochlea.  In  this  way,  the  canal  nf  Uie  cochlf* 
is  divided  into  two  portions,  one  ubove  and  tlie  other  below  the  septum.  The  portii'a 
below  begina  at  the  fenestra  rotunda  nnd  is  called  the  ficala  tyrnpani.  The  portion 
above,  exclusive  of  t!ie  triangular  canal  of  the  cochlea,  comraunjcute*  with  iLe  vt'sttU'r 
and  is  called  the  scaia  vestiliuU. 

Above  the  membrana  banilaris,  m  a  membrane  (tlic  limbns  lamime  s|urali8)tb<»exltliiil 
continuation  of  which  i»  called  the  membrana  tectoria,  or  the  membrane  of  Corti.  Br 
tween  the  membrana  tectoria  and  the  membrana  baailarii*,  it*  the  organ  c»f  C*orti,  Th» 
membrane  of  Reissner  extends  from  the  inner  portion  of  tlie  limbui*  upward  and  oulwinl 
to  the  outer  wall  of  the  cochlea.  This  divides  the  portion  of  the  cocldca  liituated  aH"^ 
the  Rcala  tympani  into  two  portions;  an  internal  portion,  the  scala  ve$libuti^  iiliii  D^ 
extem^il,  trtangotar  canal,  called  the  canalis  cochlea*,  or  the  membranous  r<H'hlci». 

In  the  anatomical  description  of  the  contents  of  the  bony  cochlea,  tlie  mcmbritfio^ 
parts  may  be  de^ignnted  as  tViUows : 

1.  The  portion  btlow  the  hotiy  and  membranf^tjs  neptum,  called  tbcar^ila  trn»p«fi« 
This  is  formed  by  the  ponostetim  lining  the  eorrespcmding  portioD  of  the  cochlea  ti»l  ' 
under  surface  of  the  bony  lamina,  and  the  nicmbr.ina  bnsilnriy. 
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The  st'iila  vestibull.  Tliiii  h  formed  by  tlie  periosteum  liuiDg  the  corrosponding 
►ortkm  of  llie  bonj  coohleii  and  tlie  upper  surface  of  tbe  bony  ^e[jtiim  and  h  bounded 
jtternnlly  by  the  membrane  of  Keii^ner, 

3.  The  true  membranous  cooblea.    This  U  tbe  spiral  triangiiJar  cannl^  bomided  c»x- 
||M])y  by  the  periosteum  of  tbe  corresponding  portion  of  tbe  wall  of  tbe  cocblea, 


\0i  i$A, — J!ket4t>n  (ff  tht^  firiU  turn  of  ih^  spiral  atnal  t^a  tsit  n^wly-ffum—Seftittn  qfth*  cochUa  t*J  a  ftnuanf 
tiftut  at  thtjiiurih  tnoffth.     From  u  phoioi^ph,  uid  Mim«whJit  rHiui-t^l.     iHDdlnifcr.) 

pperllgare  :  1,  4,  fi,  iMtiliia  sptratl* ;  3,  lowsr  ptnU' ;  »k  4^  <K  Iv.  oerviift  corhWri*  :  T,  niotnbranf  of  RHti!in*»r ;  H,  nwm- 
Imuift  lertorls;  9,  epIthrHam  ;  10,  II,  pitlsre  of  Cortt;  12,  latiar  tuvlr-oclls;  IJS,  oiittr  hair  nllA;  14,  Ifv  mdinhnitia 
tNMlUri»;  15,  cpithollum  In  ttu  nukus  c^piralis;  17,  1«,  19,  Hgamentum  spiralc*;  '^o,  -^piruJ  Kunal  bdow  the  niombnuia 
bMllftriik 

iw«r  fifore:  a  T,  J?  T,  a,  5,  T,  T,  m,  8,  scala  tyinpaiil :  B  V,  8  V,  1»,  IK  fcal*  VMtlbnll;  1,  Ij^wo  of  tb*  corhh'u ;  8,  apcif : 
&,  4,  oentrul  eolutnn;  10,  li\  10,  10.  diictuH  i^CK^hlearis;  H,  brunches  of  tbt"  ni^rviia  iMX'hlMiHM:  IS,  IS,  1^^  eiplr»l 
f«ilfflloi»;  iRy  H,  HrabtiA  lAnilnn'  ^plrftHs ;  li>,  membrane  of  RclMnfr;  Kjv  tpUhplimn  ;  IT,  outor  bjiir-<Hil]« ;  Iti, 
epiUtfJSiUD  of  tht^  icir'iiil)ninii  boallnm ;  19,  nervouit  flbimentfl  ;  I'U.  udIuq  iii  the  nicml^nnna  basllflii^  witb  tbi' 
"  uQitiitiini  Mitrabt ;  21,  <^j>ltljellurn  tif  tlw*  poriphtrul  wall  uf  ibc  ductus-  cochlenrlB;  2i»  SS,  mojnbnillu  U'<:tOfU; 
»pinil  c^niil  below  tbe  membniu»  biuilbrls. 


epitb«J!lB 

Hnially 


liallj,  by  tbe  membrane  of  Ruissner,  and,  t>n  the  other  side,  by  the  mcmbrnna  basi- 
ria,*  What  we  thu^  call  the  inembmnous  coohlea  is  divided  by  tbe  liinbus  hiinin*  --pi- 
llfl  and  the  raembrtmu  tectorin  into  two  portions;  a  triangiihir  canal  above,  which  h  tbo 

A  BoBi«  aoatomUta  Includt'  IKI^  c^iiml  In  tbc^  »cah\  ve^tiboH.    For  Uio  Mk«  of  ijleiirtitJM,  wo  dvAvriUY  it  by  it«o1f,  ua  ■ 
itbtetcaaAt 
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Lir^^er,  and  a  qaadrilaterul  canal  below,  between  the  limbtia  and  menibrana  tectoriaand 
tlio  raembrana  basilaris.  Tlie  qtiadrilatenil  canal  contains  the  organ  of  Corti  and  vartou» 
stmetnres  of  a  verj  complicated  character.  The  relations  of  these  divisiuni?  of  the  cochleA| 
a  knowle^jxe  of  which  is  essential  to  tlio  conif>rehension  of  the  physiological  anatomy  of 
this  portion  of  tho  auditory  apparatujs^  are  shown  in  Fiji^.  266. 

The  membranous  ctK-hleft,,  im  dei^cribed  abov  e,  follows  the  spiral  conrse  of  the  coeblea, 
terminates  superiorly  in  a  blind,  pointed  extremity  at  the  copola,  beyond  the  hamulus, 
and  is  connected  below  with  the  saccule  of  the  veistibule  by  tlio  eanaliji  reunien^^  Tlic 
relations  of  the  ditTerent  portions  of  the  membranons  cochlea  to  each  other  and  to  the 
scnko  of  the  cochlea  are  shown  in  Fig.  Mi), 

We  shall  now  describe,  as  possessing  the  most  physiological  interest,  the  liqmds  of  the 
labyrinth,  the  dij^tnlnition  and  connectioo**  of  the  nerve?*  in  the  labyrinth,  and  the  organ 
of  Corti. 

Liquida  of  the  L&hijrinth. — Tlie  labyrinth  contains  a  certain  qnantily  of  a  cle«r» 
watery  liquid,  called  the  humor  of  Cotuguo,  or  of  Valsalva,  A  portion  of  this  liqaid 
surrounds  the  membranous  sacs  of  the  vestibule^  the  semicircular  canals,  and  the  mem- 
briinous  cochlea,  and  this  is  known  as  the  perilymph  of  Breschet.  Another  portion  of 
the  liquid  fills  the  membranous  labyrinth.  This  is  sometimes  called  the  humor  of  Scarpa, 
but  it  is  known  more  generally  as  the  endolymph  of  Breschet.  The  perilymph  occupies 
about  one-third  of  tJje  cavity  of  the  vestibule,  of  the  semicircular  canals,  and  of  both  6cal« 
of  the  cochlea.  Both  thin  liquid  and  the  endolymph  are  clear  and  watery,  becoming 
somewhat  opalescent  on  the  addition  of  alcohol.  The  perilymph  seems  to  be  secrele«l 
by  the  periosteum  lining  the  osseous  labyrinth.  As  far  as  we  know,  the  nses  of  the 
liquid  of  rhe  internal  ear  are  to  sustain  the  delicut©  structures  contii'ined  in  this  portkNl 
of  the  auditory  apparatlis  and  to  conduct  sonorous  vibrations  to  the  terminal  filaments 
of  the  auditory  nerves  and  the  parts  with  which  they  are  connected. 
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Dutribution  of  the  Ntrtu  in  the  Labyrinth. — As  the  auditory  nerves  enter  the  inter* 
nal  auditory  meatus,  they  divide  into  an  ant-erior,  or  cochlear,  and  a  posterior,  or  vestib- 
ular branch.  The  vestibular  branch  divides  into  three  smaller  branches,  a  Bti|:>erior  and 
anterior,  a  middle,  and  a  posterior  branch.  The  superior  and  anterior  branchy  the  largeit 
of  the  three,  is  distributed  to  the  utricle,  the  superior  semicircular  canal,  and  theezt^mtl 
semiciroular  canal.  The  middle  branch  is  distributed  to  the  saccule.  The  i>o#terior 
tiranch  paasea  to  the  posterior  semicircular  canal  The  nerves  distributed  to  the  utricle 
and  sacculo  penetrate  at  the  point**  occupied  by  the  otoliths,  and  the  nerves  going  to  the 
semicircular  canals  jiasr^  to  the  ampullie,  which  also  contain  oU>lith8,  (See  Fig.  264.)  In 
each  ampulla,  at  the  point  where  the  nerve  enterji,  is  a  transverse  fold,  projecting  Into 
the  canal  and  occapying  about  one-third  of  ita  circumference^  called  the  aeptntzi  trenf- 
versum. 

The  nerves  tenninate  in  essentially  the  same  wtiy  in  the  sacs  of  the  vestibule  and  Ui^ 
ampullcB  of  the  semicircular  c^inals.  At  the  pointuS  where  the  nerves  enter,  in  addition 
to  the  otoliths,  are  cells  of  cylindrical  epithelium,  of  various  forms,  which  pass  gradnally 
into  the  general  pavement-epithelium  of  the  cavities.  In  addition  to  these  cells,  are  fnfi- 
fonn,  nucleated  bodies,  the  free  ends  of  which  are  provided  with  hair-like  procctteSi 
called  fila  acustica.  These  are  about  ^J^  of  an  inch  in  length  and  are  dlslnboted  io 
quite  a  regtdar  manner  around  the  otoliths.  Tlie  nerves  form  an  anastomosing  plexus 
beneatli  the  epithelium,  and  they  probably  temiinate  in  the  fusiform  bodies  just  described 
as  presenting  the  ila  acuetica  at  their  free  extremities.  In  the  ^acs  of  the  vcstibde 
and  in  the  semicircular  canals,  nerves  exist  only  in  the  macula  acustica  and  the 
ampulla?. 

The  cochlear  division  of  the  auditory  nerve  breaks  up  into  nnmerous  small  branches^ 
which  pass  through  foramina  at  the  base  of  the  cochlea,  in   what  is  called  the  traetns 
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foraminakntus,  Tlieac 
imrpM  the  apex,  between  tlio  plates  of  tbe  boDV  spiral  Jumtnu. 
iKma,  the  dark -bordered  nerve- 
fibres  pass  each  ooe  tli  rough  a 
bipolar  eell^  these  cells  together 
forming  a  spiral  p^anglion,  known 

lis  the  ganglion  of  Corti.    Ueyond  ^^?PW 

this  ganglion,  the  nerves  forrn  an  f — -^ 

imastornostTig  plexus  and  finallj 
enter  the  quadrilateral  canal,  or 
rhe  canal  of  Corti.  As  they  pans 
into  this  canal,  they  smidenly  he- 
come  pale  and  exceed injrly  tine, 
and  probably  they  are  eonneett*! 
fcially  with  the  organ  of  Corli, 
although  their  exact  mode  of  tcr 
mtnation  has  not  yet  been  deter 
named.  The  course  of  the  nerve- 
fibres  Uj  their  distribution  In  the 
cochlea  is  shown  in  Fig.  267, 


a  and  [m^^  m  their  course 
Between  thene  plates  of 


i 


m 


lu.  ...     :  ,             ■■■'*  'if  titt  cochlear  ntrv*  in.  thu  tpiral  foniiiuv 

<wr  dtt  ror,  hltHi  iJifrtrm  tht  right  Hd«  and  i»  m*n 

frtfmitmi!  'r  parth     (Sappoy.) 

,  trunk  of  th«  iim  j.  '^  •'  "  --    ■  Smiiooi  aoui;  of  the  aplral 

Uiulna;  3,  3,  8,  1  ..chk«r  t«?rv«  icotposod  in 

lis  wUolu  i>xt«Qt  ,  t  rtor  pliite  of  th^  kaiLiia 
flplmU*;  i,  oriflcD  ui  « umujuJunTitiuii  oi  iu«  »oal*  tympani  with  the 
ftc«l»  vestibolL 


Organ  of  CortL— Of  all  the 
contained  within  the  bony 
linth,  tbe  organ  of  Oorti  pos- 
the  greatest  physiological  interest;  for  it  is  this  organ  which  is  supposed  to  receive? 
the  sonorous  vibrations  and  t!oninuinicate  them  directly  to  the  terminal  filaments  of  the 
auditory  nenes.  Although  this  view  has  not  received  the  support  of  ftctoal  demonstra- 
tion, it  affords  an  explanation,  more  or  less  plausible,  of  the  raeehnnisra  of  audition,  car- 
ried to  the  point  of  the  actual  reception  of  impressions  by  the  nerves.  In  view  of  this, 
it  is  important  to  have  a  clear  comprehension  of  the  arrangement  of  those  parts  which 
ire  snpposeil  to  receive  tlie  sunorous  vibrations;  and  we  shall,  for  the  sake  of  t^implicity, 
eliminate  from  our  description  certain  acoessory^  structures,  the  functions  of  which  are 
obscure. 

In  the  quadrilateral  canal,  bathed  in  the  endolymph,  throughout  its  entire  spiral 
oonrFO^  Is  an  arrangement  of  pillars,  or  rods,  regular,  like  the  strings  of  a  harp  in  minia- 
ture, which  are  supposed  to  repeat  the  varied  vibrations  of  sound.  These  are  the  i>illars 
ofCorti, 

The  structures  contained  in  tlie  quadrilateral  canal  are  so  delicate  that  their  inresti- 
|ition  presents  great  difficulty ;  hut  the  arrangement  of  the  pillars,  or  rods  of  Corti  is 
firetty  well  understood.  These  pillars  are  external  and  internal,  with  tlieir  bases  attached 
to  the  basilar  membrane,  and  their  summits  articulated  above,  so  as  to  form  a  regular, 
Kpiral  arcade,  enclosing  a  triangular  space,  which  is  bounded  below  by  the  basilar  mem- 
brane. The  number  of  the  elements  of  the  organ  of  Corti  i.^  estimated  at  about  3,500,  for 
the  outer,  and  5,200,  for  the  inner  rods,  the  proportion  of  inner  rods  to  the  outer  being 
about  throe  to  two.  Th«3  relations  of  tliese  structarcs  to  the  membranous  labyrinth  are 
seen  in  Fig.  205.  The  external  pillar  is  longer,  more  delicate  and  rounded,  and  is  also 
HtUif^bed  to  the  basilar  membrHne,  The  form  of  the  pillars  is  more  exactly  shown  in 
Figi*.  268  and  261»,  the  latter  figure,  however,  exhibiting  other  structures  which  enter 
into  the  constitution  of  the  organ  of  Corti.  It  will  be  remarked  that  a  small  nucleated 
body  is  attached  to  the  base  of  each  pillar.  At  the  summit,  where  the  internal  and  the 
external  pillars  are  joined  together,  is  a  delicate  prolongation,  directed  outward,  which 
ia  oitached  to  the  covering  of  the  quadrilateral  canal. 

The  above  description  comprises  about  all  that  is  definitely  known  of  the  arrangement 
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of  the  pillari*,  or  rods  of  Corti.     Tliey  are  nearly  homogeneous,  exco;>t  whea  treated  witli 
feiigents,  nnil  ure  »aid  to  be  of  about  tbe  consistenoe  of  cartilage.     They  are  closely  < 
togethen  with  very  nurrow  spacer  between  thom^  and  it  is  difficult  to  see  bow.'  they  c* 
be  stretched  to  any  considorabl©  degree  of  tension.     The  ai*cb  is  longer  at  the  aummil 

/I  6c 


A,  GxtoniAl 


Fro.  24K—  Th4  tu>o  piUar*  ^  the  orffan  qf  Oorti.    (Sftppey.) 


xtoniAl  pniAj-  of  the  organ  of  Corti :  1,  body,  or  mJddJe  portion ;  %  poftUiimr  «jctrfiimlty,  or  llAM ;  H  dtil  OB  I 
terml  side;  4,  MLtorior  extremity;  0;  convex  Biiilkc«  b>  wliicb  il  Is  Joined  to  tlie  intofnil  pffliff;  Ji^pwlMi 


of  thift  extremity. 

fi,  Ititcnui]  pillwr  of  tliii  angtai  of  Oortl :  1«  body,  or  mfdditt  portion ;  3,  | 
4, 4int(>Hor  extramlty ;  d»  ooucato  aurfkiD  by  which  It  \a  Joinod  to  I 
tliu  rarreflpondlOK  prokm^tloD  of  tJbe  extenud  pllkr, 

C  tb,e  two  plllft»of  tiitt  oii^n  of  Cortt,  unlttMl  bv-  tb(?lr  <r 
whtch  pi««entA  ontwBnt:  I,  I,  bodjr.  or  mfdaU;  p^irU 
tnch(!>d  to  the  poAtertor  tiXtremitieii ;  4,  4,  anterior  e\  i 
extremity. 


,  j  8,  oetl  OB  Its  «aEtiirmliMr, 
I  extflftMl  pOkr;  ^  pfvLoo^r^t^A.  lytaf  *4»ov« 

oxtnsmlttoft;  8, 8.  eaHi  ai^ 
nuliul  pivialigaitloB  of  lUl 


t!ijiri  at  the  base  of  the  cochlea,  tlit  longest  rod;^  at  the  summit^  meftsurtng  about  }{^  o( 
an  inch,  and  the  shortest^  at  the  base,  about  ^^^  of  an  inch.  As  we  before  remarked*  tJi^ 
relatione  between  the  pillars  and  the  terminal  filaments  of  the  aoditctr/  nerves  are  aui 
detinitely  settled. 

In  addition  to  the  piUars  just  described,  various  cellular  elements  enter  into  thestnicl« 
ure  of  the  organ  of  Corti,     The  most  important  of  these  are  tho  inner  and  the  outer  htif^l 


<. 


.i 


Fin,  ^ffii.—  V,rffi*nl  Afdion  of  tht  orifftn  of  (V,rii  of  ffn'  rtnrj ;  ma^jni  ffrd  •*(Wli  ^{amffrr*.    t  W^Mfyrr  V 
11""  •  the  h(i*Mar  rncmt"  ^'■^jfi 

I*  ii[*iinic  Up  of  lh»*  '  "Pj 

ii  tnio(.»  of  (1.  I  !  two  piht'f  hnlr^'dl*;  «.  Ili-iiacn**  prop-^ll;  f-f,,  WW"* 

fti'  l'».|r»' Jift**ln|r  ('-'  Ui-  lir-l  h.^^j  •'■"•II, /^ 


cells.  I'be  inner  bair-celUare  arranged  in  a  single  row,  and  the  outer  lialr-cdlft»  iu  UinJ* 
rows.  Nothing  definite  is  known  of  tbe  function  of  tlieae  celb.  The  relations  of  ibe** 
parls  are  aliown  in  Fiir.  26i»,  which  is  rather  complex,  but,  on  eareful  study,  giireatBO^ 
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tdt^ik  of  the  arrangement  of  all  of  the  structures  wLich  composo  the  organ  of  Corti.  It  is 
«tipposcd  by  some  aiialomiats  timt  the  iikiuents  of  the  Huditory  nerves  tcnuiunte  in  the 
eells  above  deflcribed ;  but  tins  point  is  not  dt?fiDitiveIj  settled. 

MiH^Hons  of  Different  Farts  of  the  Internal  Ear, 

The  precise  function  of  the  different  part^  whi<'h  are  found  in  the  internftl  ear  is 
ohsrure,  notwitJistjinding  the  carei'ul  resean'heH  that  Imve  been  made  into  the  anatomy 
and  the  piiysiulo^'y  of  the  hibyrintlL  There  are  eevt-raJ  points,  however,  beanng  npon 
the  physiology  of  this  portion  of  the  auditory  apparatus,  conccniing  which  there  can  be 
no  doubt: 

FLrsit,  it  is  certain  that  impressions  of  tiound  are  received  by  the  terminal  filaments  of 
the  auditory  nerves  and  by  these  nerves  are  conveyed  to  the  brain. 

Second,  the  functious  of  the  parts  composing  the  external  atid  the  middle  ear  are 
simply  accessory-  The  sonorous  waves  are  collected  by  tlie  pavilioQ  and  are  conveyed 
by  the  external  meatus  to  the  middle  ear  ;  the  niombrana  tympani  vibrates  under  their 
influence ;  and  they  are  thus  colliscted,  repeated^  and  transmitted  to  the  internal  ear, 
under  the  most  favorable  conditions  for  producing  a  proper  impression  upon  the  auditory 
nerves. 

In  view  of  these  facts,  we  must  look  to  tlie  functions  of  semicircular  canals  and  the 
cochlea,  for  an  elucidation  of  the  problem  of  the  mechanism  of  the  final  process  of  audi- 
tion ;  and^  in  doing  this,  we  oome  at  once  to  the  question  of  the  relative  importance  of 
diiferent  divisions  of  the  internal  ear. 

Function*  of  ike  Sfmicirctilfir  Cdtmh, — In  a  memoir  presented  to  the  French  Acad- 
emy of  Sciences^  in  1824-,  Flourcna  detailed  a  numlier  of  eipcrimciita  upon  pigeons  and  rah- 
bits  in  wliich  he  destroyed  ditferent  portions  of  the  internal  ear.  In  these  ex[>eriments, 
the  results  of  which  were  very  definite,  it  was  shown  that  destruction  of  the  semicircular 
canals  had  apparently  no  eftVct  upon  the  sense  of  hearing,  while  destruction  of  the  coch- 
lea npon  both  aides  produtx^d  complete  deafness.  In  addition,  it  was  observed  that 
destruction  of  the  semicircular  canals  on  both  sides  was  followed  by  remarkable  dis- 
liirbances  in  equilibration,*  The  animals  couhl  maintain  the  standing  position,  but,  as 
[>n  as  they  made  any  movements,  "  the  head  eoTurocnced  to  he  apitat^nl ;  and  tliis 
Station  increasing  with  the  movements  of  the  body,  walking  and  all  regular  move- 
nts finally  becimie  impossible,  in  nearly  the  same  way  as  when  equilibrium  and  stabil- 
ity of  movements  are  lost  after  turning  several  times  or  violently  shaking  the  head.'^ 
These  observations  of  Flourens,  at  least  as  far  as  regards  t!ie  influence  of  the  semicircular 
canals  upon  equilibration,  have  been  confirmed  by  Goltx  and  are  sustained  by  observa- 
tions npon  the  human  subject  in  the  condititm  known  as  Meni^re*»  disease.  In  some  more 
recent  experiments,  however,  Boettchcr  assumes  to  have  demonstrated  that  the  semi- 
circular canals  have  nothing  to  do  wnth  eqnilibratirin ;  but  nil  of  his  observations  were 
made  upon  frogs,  in  which  deficiency  of  equilibration  and  of  hearing  would  be  very  difti- 
calt  to  determine.  As  far  as  we  can  judge  from  exj>eri mental  data,  it  does  not  seem 
probable  tiiat  the  nerves  directly  concerned  in  audition  are  distributed  to  any  consid- 
erable extent  in  the  f^emicirculfir  canals,  Iiideed,  the  function  of  these  parts  is  exceed- 
ingly obscnre ;  for  we  can  hardly  admit,  upon  purely  anatomical  grounds,  that  they  are 
Concerned  in  the  discriminjition  of  the  direction  of  sonorous  vibrations,  an  idea  which 
h^  been  advanced  by  some  physiologists. 

Fanetion9  of  ths  ParU  contained  in  the  Cochha.—T\iQTQ  con  be  no  doubt  with  regard 
to  the  capital  point  in  the  physiology  of  the  cochlea;  namely,  that  those  branches  of  the 
^^■dttory  nerve  which  are  essential  to  the  sense  of  hearing  and  which  receive  the  impres- 
H^pfts  of  sound  are  distributed  mainly  in  the  cochlea.  When  we  come  to  analyze  sonorous 
W  vidpreflsioiia,  wo  find  that  they  possess  varions  attributes,  such  as  int49nBity,  qnalitTf  and 
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pitch,  which  have  becB  discussed  riither  fully  under  the  bead  of  the  physics  of  sound.^ 
As  tVtr  as  tJie  ttTminal  tilamente  of  the  auditory  nervo  are  concerned,  it  h  evident  thu 
the  inteiii>ity  of  sound  h  appreciated  in  proportion  to  the  power  of  the  unprcssion  roadd 
upon  these  nerves^  and  this  point  does  not  demand  elahorute  discnsaion.     With  regard  I 
quality  of  sound,  we  have  seen  that  tids  is  due  to  the  form  of  sonorous  vil>ratioiiH»  an 
that  most  musical  tones  are  compound,  their  quality  depending  largely  upon  tJic  rclatif 
power  of  the  harmonics^  partial  tones,  etc.     We  have  also  seen  that  consonating  IxMJid 
repeat  by  influence,  not  only  the  actual  pitch  of  tones,  but  their  quuUty,     If  there  he 
the  cochlea  an  anatomical  arriingement  of  rods  or  fibres  by  which  the  Kmoroii?^  vibra- 
tions, conveyed  to  the  ear  by  the  atmosphere,  are  repeated,  there  is  reason  to  btdiere 
that  the  quality,  as  well  as  the  pitchy  U  reproduced.     Narrowing  down  the  question, 
then,  to  its  most  interesting  and  iuiportjint  point,  viz.,  the  appreciation  of  differences  in 
the  pitch  of  musk-al  tones,  we  inquire  whether  there  be  in  the  ct»chleji  any  arrHng<emeDt 
by  which  the  pitch  can  be  repeated.     This  inquiry  can  only  be  answered  by  a  stml^  i  r 
the  anutomit-'al  arrangement  of  the  structures  connected  with  the  terminal  fUauunt^  1 1 
the  nerves,  and  by  the  aiqjlication  of  physical  laws. 

The  arrangement  of  tlie  rods!  which  enter  into  the  strncture  of  the  organ  of  Corti  h«* 
afforded  a  theoretical  explanation  of  the  tinal  niechAnisin  of  the  appreciation  of  pilch. 
Until  w©  come  to  the  internal  ear,  the  action  of  tlitlerent  portions  of  the  auditory  nppfl- 
ratus  is  simply  to  conduct  and  repeat  sonorous  vibrations ;  and  the  solo  function  i»f  the** 
accessory  parti^,  aside  from  the  protection  of  the  organs,  is  to  convey  the  vibratitms  to 
the  terminal  ntrvous  tihiments.  Whatever  be  the  functions  of  the  niembrana  tyntpani  in 
repeating  sonnds  by  influence,  it  is  certain  that  this  membrane  possesses  no  true  nuditoryj 
nerves,  and  that  the  auditory  nerves  only  are  capable  of  receiving  impressions  of  nouiid 
Thus,  hearing,  and  even  the  appreciation  of  pitch,  is  not  necessarily  lost  after  destniciia 
of  the  niembruna  tympani ;  and,  if  sonorous  vibrations  reach  the  auditory  nerves^  ihr; 
will  be  appreciated  and  appreciated  correctly.  With  thi^  point  clearly  understood,  w«J 
are  prepared  to  study  tho  probable  functions  of  the  organ  of  Corti. 

When  we  consider  the  organ  of  Corti,  with  its  eight  thousand  or  more  rods  of  dtflbfl 
ent  lengths  arranged  with  a  certain  degree  of  regularity,  a  number  more  than  sutllcicBt] 
to  represent  nil  the  tones  of  the  musical  scale,  we  are  not  surprised  that  eunnent  ythrsi-  j 
ologlsts  rcjrnrd  them  as  capable  of  repeating  all  tlie  stiades  of  tone  heard  in  mut^f, 
Uelmholtz  formularizes  this  idea  in  the  theory  that  tones  conveyed  to  the  cochlea  tkrgf 
into  vibration  titose  elements  of  the  organ  of  Corti  which  are  tuned,  so  to  apeak,  in  imwoil 
with  them*     According  to  this  hypothesis,  the  rods  of  Corti  constitute  a  harp  of  scveni 
thousantl  strings,  played  upon,  as  it  were,  by  the  sonorous  vibrations. 

It  would  be  ditticult  to  imagine  any  thing  more  satisfactory  and  simi»le  than  sncli  iB 
hypothesis  as  wo  have  just  quoted.  Attention  and  education  enable  perions  ctaJowtHl 
with  what  is  called  a  niusical  ear  to  discriminate  between  ditfcreni  tint's  with  irwit 
accuracy.  Experiments  have  shown  that  tlie  situation  of  the  actual  apprccisttlon  *^ 
tones  may  be  restricted  to  the  cochlea  ;  and,  in  the  cocJdea.  the  only  uuatomical  armngt- 
ment,  as  far  as  wo  know,  wdnch  points  toward  an  appreciation  of  the  pitch  of  diinfrtnl 
tones  is  that  of  the  roda  of  Corti,  Still,  it  must  be  rcnjenibered  that  the  cochle«  w* 
situated  us  to  be  removed  from  tlie  poftsihility  of  exfierimental  investigation  to  prowlb* 
theory;  and  we  must  rarefidly  study  tiie  anatomical  arrangement  of  the  ports  and  tl»< 
posMble  ap[di«7ition  of  phynieal  law^  to  the  supposed  vibration  of  the  nAs. 

Viewing  the  question  from  its  anatomii^al  a-^pect,  it  is  by  no  means  certain  thut  tl«c 
rods  of  Corti  are  so  attached  and  stretched  that  they  are  capable  of  separate  anJ  io»"' 
vidual  vibrations.  It  hius  not  been  demonstrated  that  certain  of  these  tckIs  vibral*  and" 
tho  inflaence  of  certain  tones  or  that  they  are  tuned  iu  accord  with  certain  ton^M,  HdiKtt 
who  has  written  elaborately  upon  llie  very  question  nndcr  conmderntion.  denlc*  tht  Kf^ 
racy  of  the  theory  of  Ilelmlioltx,  basing  his  opinion  nf»oji  the  anatomical  arrangcaieBt  w 
the  rods  of  Corti,  and  he  assumes  that  it  is  a  physical  impossibility  for  the  different  ro'i* 
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to  vibrate  individually,  and  that  it  is  not  certain  that  they  are  toned  in  accord  with  differ- 
ent tones.     Ilensen  makes,  upon  this  point,  the  following  statement : 

'•  It  is  now  my  conviction,  that  by  the  hypothesis  *  more  and  more  corroborated  *  that 
the  fibres  of  Corti  constitute  the  organ  of  the  labyrinth  tuned  to  the  appreciation  of 
tones,  our  comprehension  and  the  investigation  of  the  internal  ear  have  taken  a  false 
direction. 

**  I  assert,  next,  that  the  rods  of  Corti  cannot  i)lay  the  important  i)art  in  the  appreci- 
tion  of  tones,  which  has  been  attributed  to  them  in  the  hypothesis  of  Ilelmholtz.'' 

It  is  pretty  evident  that,  although  the  theory  of  llelmholtz  is  undoubtedly  the  only 
one  affording  any  reasonable  explanation  of  tiie  appreciation  of  tones,  it  lacks  positive 
anatomical  confirmation.  And,  furthermore,  we  do  not  even  know  the  anatomical  con- 
nections between  the  rods 'of  Corti  and  the  filaments  of  the  auditory  nerves. 

In  view  of  the  considerations  just  given,  we  have  simply  recited  the  theory  of  Du 
Verney,  Le  Cat,  and  llelmholtz,  as  one  which  may  or  may  not  be  sustained  hereafter  by 
more  exact  researches ;  but  at  present  it  must  be  acknowledged  that  there  is  no  more 
satisfactory  explanation  of  the  mechanism  of  the  final  appreciation  of  musical  tones. 

Summary  of  the  Mechanism  of  Audition. 

The  waves  of  sound  are  simply  collected  by  the  pavilion  of  the  ear  and  are  conveyed, 
through  the  external  meatus,  to  the  membrana  tympani.  The  merabrana  tympani,  a 
delicate,  rounded,  concave  membrane,  receives  these  waves  and  is  thrown  into  vibration. 

The  arrangement  of  the  bones  and  muscles  of  the  middle  ear  admits  of  variations  in 
the  tension  of  the  membrana  tympani.  By  increasing  the  tension  of  this  membrane,  the 
ear  may  be  rendered  insensible  to  grave  sounds,  while  high-pitched  sounds  become  more 
intense ;  and,  in  cases  of  voluntary  tension,  the  limit  of  perception  of  higli  tones  may  be 
greatly  extended.  The  membrana  tympani  obeys  the  laws  of  consonance  and  vibrates 
strongly  under  the  influence  of  sounds  in  unison  or  in  harmony  with  its  fundamental 
tone,  returning,  in  this  way,  not  only  the  pitch,  but  the  quality  of  tones  and  combina- 
tions of  tones  in  harmony.  Destniction  of  the  membrane  does  not  necessarily  of  itself 
destroy  hearing,  or  even  the  appreciation  of  tones,  for  the  impressions  may  be  conduct- 
ed to  the  cochlea  by  the  chain  of  ossicles. 

The  arrangement  of  the  ossicles  and  muscles  of  the  middle  ear  is  such  that  contrac- 
tion of  the  tensor  tympani  renders  the  articulations  firm,  tightens  the  little  ligaments, 
and  presses  the  stapes  against  the  liquid  of  the  labyrinth,  so  that  the  chain  resembles,  in 
its  action,  a  solid  and  continuous  bony  rod.  By  this  arrangement,  the  sonorous  vibra- 
tions are  conducted  to  the  labyrinth  with  very  little  loss  of  intensity. 

The  cavity  of  the  tympanum  is  filled  with  air,  communicates  with  the  mastoid  cells, 
and  with  the  pharynx  by  means  of  the  Eustachian  tube ;  and,  by  this  means,  the  press- 
ure of  air  in  its  interior  is  regulated.  The  labyrinth,  consisting  of  the  vestibule,  semi- 
circular canal?,  and  cochlea,  is  filled  with  liquid,  and  the  different  cavities  communicate 
with  each  other.  The  vibrations,  repeated  by  the  membrana  tvmpnni,  are  conveyed  by 
the  chain  of  bones  to  the  liquid  of  the  labyrinth,  and  by  it  to  the  terminal  filaments  of 
the  auditory  nerves. 

Tlie  vestibule  and  semicircular  canals  seem  to  possess  much  less  importance  in  the 
appreciation  of  sound  than  the  cochlea.  In  the  cochlea,  throughout  the  entire  extent  of 
the  spiral  canal,  is  the  organ  of  Corti,  presenting,  among  other  structures,  about  8,700 
rods,  varying  in  length,  called  the  rods  of  Corti.  But  little  is  known  of  the  anatomical 
relations  between  the  auditory  nerves  and  the  organ  of  Corti ;  still,  it  is  thought,  as  a 
matter  of  pure  theory,  that  the  rods  of  Corti  are  tuned  in  unison  with  different  tones, 
that  they  repeat  the  tones  conveyed  to  the  cochlea,  and  that  we  are  thus  enabled  to  dis- 
tinguish the  different  tones  in  music. 

We  have  no  very  definite  knowledge  of  the  functions  of  the  cells  of  the  organ  of  Cor- 
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ti,  of  tLe  otoliths,  and  of  various  otber  dtructures  in  the  anditonr  oppjiratiis^    ftoQ 
n»ny  be  conducted  to  the  nuditorj  nerves  through  the  bones  of  the  head  fuid  the  Eu 
tach'mn  tube,  as  is  shown  bj  the  siiraple  and  fumilittr  cx[ieriu)cnt  of  placing  &  tuning-forls 
in  vibration  in  contact  with  the  head  or  between  the  teeth. 


CHAPTER    XXVI. 

OROAKS  AXD  £LSM£XT8  OF  GZXESATTOy. 

QeiMnl  coDildftfBlloDB— Bezual  geDenUan—SponUnemu  fencfmikni  (lo  eiU«d>— Fvmale  offuii  of  | 

anl  ftmngenwat  of  tlie  tooale  urg&tiA— Ivxtertiml  and  iotonul  orgui*— Th«  ovw^ea-~»D«'Telo|nDeift  of  Hhn  * 
iliD  ft)UIdc»^Thc  (ATOTuium— The  uteniA— Tbe  FallopUo  tub«»— Structure  of  t}M^  or^in— Yit«Uio«  I 
YUdQllUft— Genninal  vt^»iic]e  onA  K'^raiiUMl  spot— Discharge  of  tbe  ovmo — PuU-rty   auJ  tnenetruatloo- 
ttoit  of  m  tnenAtruiil  period— Ckatucten  of  tha  iii«ii«trual  floir — Chuif««  tn  the  utvrino  mucoiu  in^inbAiw  4aH>C 
metiJtruatJaD — Cbangu  in  the  GraafisD  IblUde  after  its  rupturv  icorXiU»  luteoiui— Tba  tMUrk*— Tnakt  n^ 
naU*— Tanioi  albngtiwa— TiiDlea  TaaettloB»''^^cimlniri'rou»  tuWA^Eptdidyml*- Vas  d«f^rena~V<»lefilc  •^-t'— '*** 
^Froftato^Glinda  of  tlie  oreUkn— S«iii«i<-^«>crtf  Uuas  mixed  xrith  tbe  prodaclaof  Um  UtStiHef  -  ftjffmniUMiriii 
Deratapiaeot  of  Ibtt  >p<ria«lioioML>-^8cinlBfll  fluid  Ui  JMlvunccd  agcv 

A  REVIEW  of  the  physiological  processes  which  we  have  tlius  far  studied  fthows  thil 
the  functions  of  the  perfected  organism  are  divided  into  two  great  claMes: 

The  Jir»t  class  of  functions  may  be  grouped  under  the  general  head  of  nntTltioii, 
taken  in  its  widest  sense.  Nutrition  is  comnicn  to  aniinal  and  vegetable  life,  and  tJUsis 
soinetimts  called  a  vegetative  process. 

The  iitiidy  of  nutrition  involves  the  following  considerations:  First,  the  blood,  whk&l 
is  the  great  nutritive  fluid,  containetl  id  the  innumerable  vessels  which  penetrate  ucsrtyT 
ull  of  the  tissues  and  organs  of  the  body  and  are  connected  with  the  sy»te»i  e»f  Irrupliiiucj 
and  lacteal  vessels.     Second,  the  process  by  which  tlie  hlood  is  circulated,  sent  by  tb«| 
heart  to  all  parts  in  the  capillary  system,  used  by  the  tissues  fur  their  ntttrilion,  Ihen  loi-' 
ing  oxygen,  gaining  cnrbonic  acid,  and  being  returned  by  the  veins.     Thirds  respirattoa,  j 
the  blood  being  freed  from  carbonic  acid  and  getting  a  new  supply  of  oxygen  in  lh« 
lung*  by  which  it  is  rendered  capable  of  again  circulating  through  the  genera]  st^«id. 
Fourth,  as  the  blood,  in  its  passage  through  the  capillary  vessels,  not  only  loses  oitjcea^ 
but  is  uiore  or  le.«s  impoverished  by  the  asFirailation  of  its  nutritive  constituents  by  tJi« 
tisiiiies«  it  is  necessary  to  keep  it  up  to  the  proper  nutritive  standard  ;  and  this  is  effctud  j 
by  alimentation,  digejition,  and  absorption.     Fitlth,  we  have  certain  Becretioi>«,  n<>rc««fy  | 
to  the  above-mentioned  processes;  and  the  products  of  physiological  wa^'  of 

the  tissues  are  removed  by  excretion.     8ixth,  tlie  processes  t>f  vegetative  1  •  tie 

production  of  heat  and  are  regulated  and  co*!)rdinated  by  the  nervous  system. 

The  second  class  of  functions  relates  to  animal  life,  and  these  are  called  the  farjcti<m* 
of  relation.  In  this  clans,  are  included  movements,  voice  and  speech,  the  functioot  «>f 
the  ccrebro-spinal  nervous  system,  and  the  operation  of  the  special  senses. 

In  studying  the  processea  of  nutrition  of  the  general  system,  we  observe  tliat  certtifl 
constituents  of  the  organism,  which  contain  nitrogen  nnd  are  exclusively  of  organic  ori- 
gin, have  the  property,  in  tlie  living  body,  of  self-regeneration ;  i.  e,^  when  the#c  fn^ 
are  bruught  in  contact  with  nutritive  matter  in  proper  form,  as  it  exists  in  the  bWt 
this  matter  is  appropriated  and  transformed  into  the  substance  of  each  tissue  and  »»r|fifl* 
It  is  in  this  way  that,  during  adidt  life,  the  different  parts  of  the  organism  are  inaiJit4i»«<l 
in  a  tolerably  uniform  condttion.  In  the  absence  of  an  exact  knowledge  of  Iho  can** 
and  nature  of  these  assimilative  processes,  w*c  call  them  vital ;  which  term  is  applied  *<' 
a  canstunt  properly  of  liviuij.  organized  parts,  Physiulogists  have  ascertained  that  e*fk 
tissue  flhd  orgrtn  of  the  body  [Mn4>*es»*es  one  or  more  chnracteristic  organic  nitrogcfll*^^ 
constituents  which  are  possessed  of  thid  so-ealled  vital  property.    But,  at  the  same  titu^. 
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It  is  fttwayd  obaenred  thut  tlie  organic  nitrogeoized  constituents  of  tlio  organism  are 
combint^d  nmst  inttnmtel.v  witii  a  tolerably  detiuU*^  qaaiitity  of  inorganic  mutter,  wbieh 
Ifttter  regulates,  to  a  certain  extent^  nutritive  procet^ses,  and  coostitutois,  atdo,  an  impor- 
tant component  port  of  tiie  tissues.  It  is  obaerved^  in  addition^  tbat^  during  eurtj  life, 
when  the  system  h  proceeding  toward  its  perfect  development  by  growtli,  tlje  proportion 
of  inorganic  matter  is  less  tlum  in  the  ndolt,  an<l  thut  the  process  of  nutrition  is  then  ut 
ltd  maximum  of  activity,  the  regeneration  being  superior  to  the  waste,  During  The  adult 
period,  repair  tmd  phyHioIc»gical  decay  are  nearly  balanced  ;  but,  in  the  decline  of  life, 
there  seems  to  bo  a  gradual  accimiulution  of  inorganic  matter,  and  this  continues  antil 
the  so-called  vital  properties  of  some  important  organ  become  so  feeble  that  its  func- 
tions cease,  and  we  have  physiological  death.  This  regeneration  of  the  tissues  is  a  neces- 
sary consequence  of  the  conatant  waste  or  decay  of  every  part  of  the  organism,  resulting 
in  a  change  of  constituents  into  effete  matters,  which  are  discharged;  there  being,  during 
life,  ft  constant  waste  and  repair.  If  no  new  matter  be  intr'>duced  as  food,  the  system 
wastes  to  a  point  which  is  incompatible  with  lite,  aud  death  results  from  inanition. 

With  some  very  insignificant  exceptions,  we  cannot  conceive  that  living  tissues  exist 
in  an  absolutely  statioonry  condition.  The  organized  parts  of  the  body  are  undergoing 
eonsl^mt  molecular  destruction  and  repair.  Agtiin,  the  so-called  vital  properties  of  the 
ti^nes,  which  involve  self-regeneration,  seem  to  liavo  certain  limits.  We  cannot  intro- 
duce nutritive  matter  in  sofficient  quantity  to  produce  growth  beyond  a  certain  point, 
although  wo  may  limit  development  and  growth  by  deficient  supply.  When  we  ask  why 
Ike  organs  develop  with  fixed  regulnrity,  why,  when  an  occasional  excess  of  nutritive 
matter  is  presenteil,  this  excess  is  not  used,  we  must  confess  our  ignorance  or  say  that 
the  parts  are  endowed  with  vital  properties.  We  also  fmd,  to  come  to  the  most  impor- 
tant point  of  this  discussion,  that,  however  carefully  we  muv  supply  nutnfci\'e  matter  to 
the  system,  we  cannot  arrest  the  gradual  enfeeblement  of  the  assimilative  powers  of  the 
tissues,  which  occurs  in  old  age.  In  short,  aa  w©  cannot  conceive  of  a  living  tissue 
without  decay  and  regeneration  of  its  substance,  so  it  is  impossible  tV>r  the  organism  to 
last  for  an  indetinite  period.  A  necessary,  invariable,  and  inevitnble  conserpieneo  of 
individual  life  is  death.  The  constant  molecular  death^ — if  we  can  apply  this  term  to  the 
transformation  of  living  into  effete  matter — of  every  tissue  of  the  body  is  always,  in  the 
end,  superior  to  the  power  of  repair.  There  seems,  indeed,  to  be  an  antagonism  of  pro- 
ee»8e«  daring  life;  a  view  which  was  so  fully  ado[)ted  by  Bkdiat,  tlnit  it  led  to  his  cele- 
brated deltnition  of  life  ;  **  the  enrnmhU  of  functions  which  resist  death,"  Although  death 
is  tliua  inevitable,  and,  in  the  circulation  of  material  in  Nature,  the  organic  parts  of  the 
body  l>eeome  changed  in  the  arrangement  of  their  ultimate  elements  and  n|>propnated  by 
the  vegetable  kingdom,  during  adult  life,  certain  nnntomical  elements,  male  and  female,  are 
formed  in  the  human  subject,  Avhlch,  when  they  c(mie  together  under  proper  onnditions, 
develop  into  new  beings,  wliieh  pass  through  the  same  course  of  existence  as  the  parents. 
By  the  concourse  of  two  beings,  new  organisms  come  into  life,  which  perpetuate  exist- 
ence and  preserve  species.  The  function  by  which  this  is  accomplished  is  called  genera- 
tion, or  reproduction. 


In  our  study  of  generation,  wo  shall  confine  ourselves  as  closely  as  possible  to  the 
process  as  it  takes  place  in  the  human  subjet-t,  Tliere  are  many  considerations  of  great 
interest  connected  with  the  generation  of  the  lowest  orders  of  animal  organization, 
among  the  most  prominent  of  which  is  the  question  of  so-called  spontaneous  generation. 
While  this  may  have  a  certain  l>earing  upon  the  genesis  of  anntomical  elements,  it  has 
little  or  nothing  to  do  wtth  the  development  of  the  fecundated  human  ovum,  and  will, 
therefore,  receive  little  more  ttmn  an  incidental  rrmsideration.  For  similar  reasons,  we 
shall  not  engage  in  a  discussion  of  the  development-theory  applied  to  the  origin  of  spe- 
oie«i,  w^hich  is  exciting  so  much  controversy  at  the  present  day,  nor  shall  we  treat  of  gen- 
eration in  tlie  lower  animals,  except  to  illustrate  the  history  of  development  in  man. 
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The  stndy  of  bnman  generation  will  natnraUj  aavimie  the  following  ooane :  FInt, 
the  female  organs  of  generation  and  the  formation  of  the  fbmale  element^  the  othou; 
seeond,  the  discharge  of  the  ovum  and  the  phenomena  which  attend  this  process ;  third, 
the  male  organs  and  the  development  and  discharge  of  the  male  elementSi  the  spermsto- 
zoids;  fourth,  the  onion  of  the  two  elements  of  generation,  or  feonndaticm;  fifth,  tbs 
development  of  the  fecundated  ovnm  into  the  fcetas  at  term ;  sixth,  the  development 
of  the  body  after  birth  and  at  different  ages,  or  stages  of  existence ;  finaUj,  the  natoral 
cessation  of  the  so-called  vital  functions,  or  physiolo^cal  death. 

Sexual  Generation, 

Before  we  describe  the  actaal  phenomena  of  sexaal  generation,  as  they  are  observed 
in  man  and  the  mammalia,  it  will  be  interesting  to  note  some  of  the  salient  points  in  the 
history  of  our  knowledge  of  this  process  in  the  inferior  animals.  This  we  can  do,  with- 
out exceeding  the  limits  we  have  laid  down  in  our  general  remarks. 

In  the  history  of  sexual  generation,  there  seems  to  have  been  a  limiting  line  between 
the  production  of  animals  from  preexisting  organisms  and  of  those  produced  in  some 
unknown  manner,  or,  as  it  has  been  said,  spontaneously.  This  line  of  distinction  bss 
always  receded  toward  organisms  lower  and  lower  in  the  scale  of  being,  with  our  advance 
in  po^tive  knowledge.  The  ancients  understood  that  the  higher  animals  required  for 
their  production  a  concourse  of  the  sexes ;  but  they  thought  that  many  fishes,  reptilee, 
insects,  worms,  etc.,  were  produced  spontaneously.  Indeed,  with  the  limited  knowledge 
of  natural  history  possessed  by  Aristotle  and  those  who  succeeded  him  for  many  hon* 
dred  years,  the  classes  of  animals  said  to  be  produced  spontaneously  represented  simp^ 
those,  the  generation  of  which  was  not  understood.  But,  as  the  habits  of  many  animals 
became  better  understood,  more  and  more  of  them  were  observed  to  lay  eggs,  which 
were  found  to  undergo  development. 

Dating  from  Aristotle^  who  lived  between  three  and  four  hundred  years  b.  c,  it  was 
nearly  two  thousand  years  before  any  thing  was  known  of  the  generation  of  insects; 
the  difficulty  here  being  that  the  young  are  first  in  a  larval  state  and  bear  no  resem- 
blance to  the  parents.  Anterior  to  the  experiments  of  Redi,  it  was  thou^^ht  that  certain 
organic  matters  in  course  of  putrefaction  developed  living  organisms,  as  maggots  in  meat 
and  the  larvsQ  in  cheese. 

We  refer  to  the  experiments  of  Redi,  made  about  the  year  1668,  for  the  reason  that 
these  mark  an  era  in  our  knowledge  of  tlio  process  of  generation.  This  observer,  noting 
that  flies  frequently  lighted  upon  meat  when  it  was  exposed,  simply  protected  it  bj 
gauze  and  found  that  no  maggots  were  developed,  while  other  pieces  of  meat,  placed 
under  the  same  conditions,  except  that  the  flies  had  free  access  to  them,  developed  mag- 
gots in  great  numbers.  By  this  simple  experiment,  Redi  showed  that  the  maggota  in 
putrefying  meat  were  produced  by  insects  and  not  by  the  meat ;  but  it  remained  for 
Swammerdam  and  Vallisneri  to  study  tlie  motamorplioses  of  insects,  and  to  show  how 
the  eggs  were  developed,  first  into  sexless  larvae,  and  finally  into  perfect  beings  resembling 
the  parents.  It  is  curious  to  note  the  condition  of  science  anterior  to  Redi  and  Vallis- 
neri and  compare  it  with  the  ideas  that  are  current  at  the  present  day.  When  maggotf 
appeared  in  putrefying  meat,  they  were  thought  to  be  produced  by  a  spontaneous  Bggrt- 
gation  of  organic  particles,  simply  because  observers  knew  of  no  other  way  in  which 
these  beings  could  come  into  existence.  Now,  the  advocates  of  spontaneous  generatioo 
have  the  same  ideas  as  those  advanced  anterior  to  1668 ;  but,  in  the  place  of  meat,  they 
have  organic  infusions,  and  for  maggots,  they  substitute  infusorial  animalcules.  It  is 
possible  that  the  discussion  of  the  question  then  was  as  energetic  as  it  is  now ;  bnt  the 
positive  advances  in  a  knowledge  of  the  generation  of  insects  has  swept  away  the  memoiy 
of  such  discussions,  if  they  existed,  as  future  advances  may  possibly  cause  many  of  the 
controversial  writings  of  the  present  day  to  pass  into  oblivion. 
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For  a  i\me  after  tbe  reseBTches  to  which  we  have  just  alluded  had  taken  their  place 
in  the  history  of  Rcieoce,  ilicro  was  little  written  ahoul  spontaneous  generation.  Redi 
had  sntisfuctorily  dei^Tibed  the  mtMie  of  generation  of  many  of  the  entozuii,  the  origin 
of  which  had  hcen  oltscure;  Harvey  had  enunciated,  in  substance,  his  famonsj  axiom, 
^'^ omne  animul  ex  oto  ;  ^^  Reg^neruit  de  Graaf  hud  described,  in  the  ovaries,  the  vcsielea 
which  have  since  borne  his  natne ;  and  the  knowledge  of  ovulution  and  di^veh^pment 
began  to  make  definite  progrcHHt^  tlie  important  fact  having  been  ascertained,  that  vivipa^ 
runs,  as  well  as  oviparous  animal!*,  ari.*  produced  from  ova. 

With  the  discovery,  by  Leeuwenhock,  of  living  beings  in  wnter,  called  by  him  ani- 
malcules, hut  since  known  an  infusoria^  a  new  problem  wa^  presented  tu  students  of 
naturiU  history*  Here  were  animal  organism**,  so  »niall  as  to  be  invisible  to  the  naked 
eye,  existing  in  great  variety  and  in  intinite  numbertii,  the  mode  of  geniMatiou  of  which 
was  not  understood.  As  these  organisms  were  atndied  more  closely,  their  multiplication 
by  segtnentution  and  by  budding  became  known^  and  tlicae  have  since  been  dei*cribed  as 
processes  of  generation  peculiar  to  some  i4'the  lower  orders  of  beings;  but,  at  the  same 
time,  *some  writers  revived  the  theory  of  Hi>ontaneous  generation,  to  account  ibr  tlie 
original  ai>pearanco  of  aniujulcules  in  water,  and  this  idea  has  itg  advocates  at  the  prea- 
ent  day.  If,  however,  we  follow  out  tlie  hiiitory  of  tbe  sipontaneous-generntion  theory, 
we  find  that  the  ditferent  epochs  have  repeated  themselves;  that  the  theory  took  its 
origin  tVom  an  ignorance  of  the  mode  of  generation  of  organisms  quite  high  in  the  scale 
of  being ;  that  the  progress  of  exact  knowledge  gradmdly  restricted  the  theory  to  lower  and 
lower  organisms,  untii,  by  this  rigid  process,  it  became  extinct,  mmply  from  want  of  ma- 
terial ;  that  its  application  to  entozoa  wa*  eliminated  in  the  sanit!  way ;  that  it  wa«  revived 
by  the  discovery  of  infusoria;  and  that  now  its  limits  have  been  restricted  by  [lositive 
advance:;!  in  knowledge,  it  being  demonstrated,  by  lialbiani  and  others,  that  many  varie- 
ties of  infui!!oria  j»rej*eut  the  [dienomena  of  sexual  generation. 

Of  the  a<lvocates  of  spontaneous  generation  within  a  comparatively  recent  [icriod, 
perhaps  tlie  most  prohiinent  has  been  Pouchet ;  but  modern  researches  hii\G  shown 
pretty  clearly  that  the  infusoria  produced  in  organic  infusions  are  due,  in  all  probability, 
to  the  introduction  of  ova  or  sp*>rea  floating  in  the  air,  which  are  developed  when  they 
meet  with  proper  conditions  of  heat  and  moisture.  In  numerous  experimeot*  hy  dilfer- 
ent  observers,  which  it  is  not  necessary  to  cite  in  detail,  it  appeared  that,  when  organic 
infn.^ions  had  been  exposed  to  a  degree  of  heat  sufficient  to  destroy  germs,  and  the  intro- 
duction of  new  germs  from  the  air  was  prevented,  no  iofusoria  were  developed  ;  and  thi> 
was  the  rase  when  air  was  admitted  to  the  infusions,  core  being  taken  to  pass  the  air 
throagli  heated  tubes  or  sulphuric  acid,  so  as  to  destroy  all  organic  matter.  The  present 
aspect  of  the  question  of  spontaneous  generation  Is  tbe  following: 

First,  it  is  reduced  to  the  very  lowest  orders  of  iufusi>na,  such  as  vibriones  and  bac- 
teria^ which  simply  present  movement,  have  no  distingnishable  internal  structare,  and 
are  exceedingly  minute. 

Second,  the  question  is  discussed  as  to  whrtt  degree  of  temperature  and  length  of 
exposure  to  heat  are  necessary  in  order  to  destroy  preC»xi&ting  germs  in  organic  infu- 
sions; ft>r  the  idea  that  living  organisms  ever  result  from  nn  aggregation  of  inorganic 
particbs  has  been  generally  abandoned,  and  the  so-called  spontaneous  production  of 
animals  has  been  reduced  to  a  coming  together  of  organic  molecules. 

It  18  at  once  apparent  to  the  rigidly  scientific  mind  that  the  second  division  of  the 
question  presents  great  difficulties  in  ihc  way  of  its  positive  solution.  It  is  granted,  for 
Sam[de,  that  vibriones  «ind  baeteria  are  living,  animal  organisms.  It  is  f>roposed  by  tbe 
Ivocates  of  the  theory  of  spontaneous  generation,  that  tliese  beings  arise  without  pre- 
existing germs,  by  an  ajrgregation  of  orf^anic  particles.  The  opponents  of  this  view  assert 
[lat,  when  the  air  admitted  to  organic  infusions  is  freed  from  germs  or  organic  particles, 
when  the  organic  infusions  are  subjected  to  a  high  temperature  for  a  time  sufficient 

destroy  all  possible  preexisting  germs,  no  generation  of  infusoria  can  take   place. 
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Nofi%  what  degree  of  temperature  Id  required,  what  is  the  duration  of  esrposaris  Uy  beat 
necessary  to  destroy  germs,  ond  bow  itru  the  limits  of  these  conditions  to  bo  iiscertwinedf 
The  only  answer  to  this  tiueation  Vws  in  the  experimental  test.  When  infusoria  makr 
their  appearance  in  flolutions  that  have  been  exposed  to  heat  and  protected  from  !b«?  i 
entrance  of  germs,  it  ie  said  that  the  heat  hiis  not  been  sofEciently  iiigh  or  the  exposorc 
has  been  of  too  sljort  duration.  When  infusoria  do  not  appear,  the  conditlotti  arv 
a^umed  to  have  been  faliilled.  This  mode  of  re«ii«>Ding  assumes  the  faet»  from  the  begin- 
ningi  that  there  is  no  such  thing  as  spontaneous  generation.  Suppose,  now,  we  start 
with  the  contrary  nssnumptiun,  that  there  may  be  spontaneous  generation  in  an  organic 
infusion.  AVe  admit  to  such  an  infui^ion,  air,  carefully  purified  from  germs^  whidi  i^ 
logically  an  es^sential  erperimental  condition;  we  have  previously  exposed  the  infuMion 
to  a  high  temperature  for  a  certain  period.  Under  these  conditions,  no  infusoria  appear* 
It  may  then  be  assumed  that  the  heat  has  destroyed  the  properties  of  the  organic  mole* 
culea,  80  that  they  cannot  come  together  and  generate  new  beings. 

Under  these  circumstances,  ail  that  we  can  do  is  to  argue  logically  from  Bnch  facial 
have  been  positively  es^tablished,  and  to  take  the  most  reasonable  view  of  other  jtointCt  ^ 
that  are  not  as  yet  capable  of  satisfactory  and  definite  explanation. 

We  shall  assume  that  it  has  been  demonstrated^  beyond  a  reasonable  doubt,  thai,  lu 
organic  infusions,  subjected  to  a  temperature  somewhat  above  that  of  boiling  w*ater,  and 
supplied  with  air  that  has  been  effectually  deprived  of  organic  matter^  ova,  spores,  or  J 
whatever  it  may  be,  no  living  organisms  make  their  appearance  so  long  as  these  eipcri- 
niental  conditions  tire  maintained.     We  also  assume  that  simple  boilings  at  212°  Fahr.,  | 
does  not  necessarily  destroy  all  germs,  which  excludes  experiments  made  in  this  way. 
This  reduces  the  question  to  a  Bingle,  simple  point  r  In  infui^ions  in  which  the  orgnnio 
tuatter  has  not  been  destroyed  by  heat,  do  the  living  organisms  come  from  a  spontaneotts  J 
aggregation  of  orgitnic  molecules,  or  artj  they  the  result  of  the  development  of  ova  If 

In  the  case  of  the  very  lowest  organisms  making  their  appearance  under  these  coo- I 
ditions,  they  are  themsehx^s  so  small,  that  it  would  be  reasonable  to  suppose  that  ire 
might  be  unable  to  see  the  ova,  assuming  that  tliey  exist  The  organic  particles  tlial  art 
supposed  to  come  together  spontaneously  are  also  invisible,  even  under  the  highest  nttg- 
nifying  powers  at  our  command.  If  we  come  to  an  exact  definition  of  the  term  bjjou- 
taneous,  we  may  say  that  it  means  an  action  **  arising  or  existing  from  natural  inclination, 
disposition,  or  tendency,  or  without  external  cause '^  (Worcester).  W'ilh  this  definittaii. 
the  statement  that  a  living  organism  is  generated  spontaneously  can  only  n»ean  that  therif 
is  no  cause  tljat  can  be  assigned  fur  its  production.  In  point  of  fact,  we  simply  acknowl- 
edge  that  the  mode  and  cause  of  generation  of  certain  infusoria  are  tmknown,  and  tlw 
history  of  our  knowledge  of  generation  shows  that  thet^rm  spontaneous  gcncratioD  htu 
always  been  applied  to  the  production  of  beings  in  a  manner  that  in  incojmble  of  eatls- 
factory  explanation.  "What  we  actually  know  of  the  mode  of  generation  of  animal  orgio- 
isms  teaches  us  that  all  beings  are  produced  and  multiplied  by  ova,  or  by  proees^c*  of 
segmentation  or  budding  of  preC^xisting  organisms ;  and  our  knowledge  of  these  proc«.s6<< 
now  extendii  to  all  except  the  most  minute  infusoria,  which  have  no  appart?nt  *»tft»ctiir«, 
We  know,  also,  that  such  organisms  may  develop  in  pure  water  from  partic  '  j  iu 

the  atmn*^phere;  and  that  particles  in  the  air,  singly  In vjKiblo,  may  be  d^  nto 

infusoria  that  are  quite  highly  organized.  If  we  reason  that  the  pniducts  of  gn-miled 
spontaneous  generation  arc  formed  by  the  fortuitous  aggregation  of  organic  mokcah**, 
we  assume  a  fact  of  which  we  have  no  other  example  in  Nature;  and  wc  assume,  aJa^ 
that  such  an  aggregation  of  particles  produces  beings  of  a  definite  and  uniform  charupt^r 
For  such  a  supposition,  we  have  no  basis  in  analogy.  If,  on  the  other  hand,  w«  rcfiH 
these  low  orders  of  beings  as  produced  by  the  development  of  invisible  genna*  wliicli 
have  found  favorable  conditions  of  heat  an<l  m<t»sture,  we  rest  upon  a  basis  of  reasoaaWo 
analogy,  nnd  we  merely  confess  timt  this  is  a  form  of  generation^  tha  [iroc^saee  of  wldcli 
are  not  as  yet  captiblo  of  demonstration* 
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As  the  only  true  philosopblc  view  to  take  of  the  question,  we  shall  assume,  in  common 
*witb  nearly  ull  iu(3derD  writers  d|>«>ii  physiolojry,  tliiit  there  is  no  such  thinf^  in  Nature 
03  apontunciiUd  generjition ;  admitting  tliat  the  exact  mode  of  production  of  soma  of  the 
infuflork,  lowest  in  the  scale  of  being,  is  not  understood* 


Femah   Organs  of  Gefieraiion, 

An  accurate  knawledge  of  certain  points  in  the  aaatomy  of  the  female  organs  of  gen- 
eration is  essential  to  the  comprtbensitin  of  the  moat  important  of  the  processes  of  repro- 
duction. Following  a  fruitful  intercotirae  of  the  sexes,  the  function,  as  regards  the  male, 
ceases  with  the  comparatively  simple  process  of  pent- 1  rat  ion  of  the  male  cleiiifnt  througb 
the  protective  coverin-jf  of  the  ovum  and  its  fusion  with  the  female  elemeut.  The  fecun- 
dated ovum  then  passes  tlirougb  certain  changes,  which  are  the  first  processes  of  its 
development,  forms  its  attachments  to  the  body  of  the  motbt?r,  continues  its  develop- 
ment, materials  being  derived  from  the  mother,  is  nourished  and  grows,  until  the  foetus 
at  term  is  brought  into  the  worhh  An  exact  knowledge  of  the  mechanism  of  these  com- 
plicated processes  can  only  be  obtained  after  a  careful  study  of  the  anatomy  of  the  female 
organs.  We  must  know  prL-riscly  how  the  ovum  is  developed  in  the  ovary  and  how  it 
is  discharged ;  how,  after  its  discharge,  it  is  received  by  the  oviduct  and  carried  to  the 
uterus;  if  fecnudaiion  do  not  take  placet  there  is  imthing  more  to  stuJy,  as  the  ovum  is 
lost;  but^  as  tlio  fecundated  ovum  must  form  certain  attac!imeiits  within  the  uterus,  wo 
most  be  acquainted  with  the  azuitomy  of  this  organ,  before  we  can  comprehend  its  deveU 
opment.  Again,  we  have  to  stuily  the  phenomena  which  attend  the  discharge  of  ova, 
and  the  changes  wbicb  take  place  in  the  ovaries,  anterior  to,  during,  and  subsequent  to 
ovulation.  It  will  not  be  essential  for  us  to  study  very  closely  the  anatomy  of  the  exter- 
nal parts,  as  these  are  only  concerned  in  sexual  intercourse  and  in  parturition;  which 
latter,  though  a  purely  physiological  process,  forms  tlie  greatest  part  of  the  science  of 
obstetrics,  h  considered  elaborately  in  treatiscR  on  this  subject,  and  is  not  usually  treated 
of,  to  any  great  extent,  in  works  upon  physiulogy. 

The  female  organs  of  generation  are  divided  anatomically  into  internal  and  externaL 
The  external  organs  are  the  vulva,  the  adjacent  parts,  and  tlie  vagina;  the  internal 
organs  are  the  uterus,  Fallopian  tubes,  and  ovaries.  When  we  come  to  study  the  func- 
tions of  the  internal  parts,  we  shall  see  that  the  ovaries  are  tlio  true  female  organs,  in 
which,  and  in  which  alone,  the  female  element  can  he  produced.  The  Fallopian  tubes 
and  the  uterus  are  accessory  in  their  functions,  the  female  element  (the  ovum)  passing 
through  the  Falloijian  tubes  to  the  uterus,  where  it  fijrms  the  attachments  to  the  body 
of  the  motlier  which  are  essential  to  its  nourishment  ami  full  development  al^er  fecun- 
dation. 

Before  wo  proceed  to  study  the  structure  of  any  of  tlie  female  organs,  it  is  iiniwrtant 
to  have  a  clear  idea  of  the  general  arrangement  and  the  relations  of  these  parts;  for, 
without  this,  we  shall  be  constantly  in  the  dark  as  to  the  bearing  of  certain  important 
anat€>mical  points  that  have  been  brought  forward  within  the  last  few  years. 

The  vagina  has  a  direction,  slightly  curved  anteriorl3%  which  is  nearly  coinrident  with 
the  axis  of  the  outlet,  or  the  inferior  strait  of  the  pelvis.  Projecting  into  the  vagina,  at 
Ita  upper  extremity,  is  the  lower  part  of  the  neck  of  the  uterus.  The  n terns  extends  from 
the  vagina  nearly  to  the  brim  of  the  pelvis.  It  is  situated  between  the  bladder  and  the 
rectum,  and  has  an  antoro-posterior  inclination,  when  the  bladder  is  moderately  distended, 
which  brings  its  axis  nearly  coincident  with  that  of  the  superior  strait  of  the  pelvis.* 
Supposing  the  body  to  be  erect,  the  angle  of  tlio  nterns  with  the  perffcndirular  would 
be  about  forty-five  degrees.     These  details  with   regard  to  the  position  of  the  nterns 

*  The  eitAt4*monts  jcrlffn  aboTe,  with  TVN?Btt]  to  the  position  of  tbn  at<?rTi*.  »re  ifpry  general  Tln^  uterus  is  exceed- 
lo^  taotvblo  ant**ro*p(!Wteriorty,  and  the  dlrecUon  of  It*  axis  1b  knreljr  defuv-iKlcut  upoa  the  cooflttiotigof  the  other 
p«Tv1e  04npui».  W1i«D  tli«  hbdder  U  dtsteodtNt  ike  ftmduA  la  moved  upward ;  «jid,  when  tho  bkdder  b  empty,  the 
■dl  of  the  iit«nui  mmy  be  ludlned  forw«rd  lo  as  to  bctccicaii  naariy  hortEootAl. 


858 


GENERATION. 


are  ess^nUal  to  a  comprclien^oQ  of  the  situation  and  relations  of  the  OTaiiea  and  Fa 
plan  tubes. 

The  utornfi  is  bold  In  place  bj  ligaments,  ccrtdn  of  which  are  formed  of  folds  of  tlu 
peritoDeum*  The  anterior  li^'aiiient  is  retiocted  trom  the  anterii>r  surface  to  the  bladder! 
the  posterior  li«:ament  extendi  from  tlie  posterior  surface  to  the  rectum ;  the  round  ll^v 
merits  extend  from  the  upper  angle  of  the  uterus,  on  either  aide,  between  the  folds  of  th 
broad  lij^ament  and  through  the  inguinal  canal,  to  the  symphyaif  pubis;  the  broad  li^i 
munts,  which  extend  from  the  sides  of  the  utenisj  to  the  walls  of  the  pelvis,  arc  the  incji 
mtere&tmgr  of  all,  a**  they  lodge  the  ovaries  and  the  Fallopian  tubes. 

If  we  i  magi  no  the  uterus,  oceupjring,  as  it  does,  the  upper  part  of  the  pelvis^  i 
remember  its  angle  of  inclination,  it  is  evident  that  it,  with  tlte  broad  ligament^  mi 
partially  divide  the  pelvin  into  two  portions;  and  these  ligaments,  which  arc  fonued  < 
a  double  fold  oi  peritoneum,  present  a  superior,  or  posterior  surface^  and  an  inferior,  i 
anterior  surface.  The  superior,  or  anterior  border  of  this  fold  is  occupied  bj  the  Fallopia 
tubes,  the  peritoneum  constituting  their  outer  coat.  Laterallj,  at  the  free  extremities  < 
the  tubes,  tlie  peritoneum  ceases,  and  there  is  an  actual  opening  of  each  Fallopian  tab 
into  the  peritoneal  cavity.  Attached  to  the  broad  ligament  and  projecting  upc^n  its  j«i 
terior  surface,  is  the  ovary.  This  little,  almond-shaped  body  is  connected  with  the  tihron 
tissue  between  the  two  layers  of  the  ligament,  and  has  no  proper  peritoneal  tnveslmeat  j 
so  that  it  is  actually  within  the  peritoneal  cavity.  If  we  look  at  the  ovary  from  th«^ 
front,  w^e  simply  see  the  rounded  prominence  whicli  marks  the  point  of  its  attachnieiit  1 
the  hroad  ligament;  but^  if  we  look  from  behind,  the  projecting  surface  is  seen,  and  ^ 
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have  a  distinct  ring  of  demarcation  at  the  base,  which  indicates  where  the  tc«eUit«4 
serous  epithelium  ceases,  and  where  tlie  proper  columnar  epithelium  of  the  <»vary  hv^^- 
If  a  vesicle  shouUl  rupture  upon  the  surface  of  the  ovary,  its  contents  might  tluii  t* 
taken  up  by  the  Fallopian  tube  and  bo  carried  to  the  uterus.  Each  ovary  is  atUicWt"* 
the  uterus  by  a  ligament,  lying  just  beneath  the  pentonoum,  called  the  ligament  otth* 
ovary.  This  ligament  is  compose^l  of  non-striated  muscular  fibres.  Between  ih«  W*l» 
of  the  broad  ligament,  are  the  following  structures:  the  round  ligament  of  th«  uitiVK 
blood-vessels,  nerves,  and  a  thin  layer  of  non-striated  muscular  Jibres,  coolinoou*  vith 
the  superficial  muscnlar  fibres  of  the  uterus. 
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We  are  now  prepared  to  study  Fig.  *270,  which  shows  the  general  arraogement  of 
these  parts,  viewed  from  hehirnh  A  purl  ion  of  the  figore  which,  iti  the  origiual^  shows 
the  extemjil  part^,  h  cat  o%  to  avoid  complicating  our  duseription.  A  curefiil  examina- 
tioii  of  Fig.  270  will  give  a  general  idea  of  tbe  relations  of  the  different  parts  and  enable 
iia  to  stodj  intelligeDtlj  their  uiinute  juiatoiny. 

Tlic  Oraries. — The  sitaation  of  these  bodies  has  already  heen  indicated.  Attached, 
as  they  are,  to  the  broad  ligainent^  and  jjrojeeting  from  its  posterior  surface,  they  lie 
nearly  honzoatally  in  the  pelvic  cavity,  on  either  side  of  the  litems.  They  are  of  a 
whitish  coli»r,  and  their  fomi  is  ovoid  and  fattened,  with  the  anterior  border,  sometimes 
called  the  haj^e,  attached  to  tlie  broad  ligament.  It'  we  closely  examine  their  mode  of 
connectiun  with  tbe  broad  ligament,  it  is  seen  that,  at  tlio  margin  of  the  attached  sorfaco 
of  the  ovary,  tbe  posterior  layer  of  the  ligament  ceases,  and  that  the  fibrous  stroma  of 
the  medullary  pordoa  of  the  ovary  is  continaoos  with  the  tibroas  tissue  lying  between 
the  two  layers.  It  i^  at  thii*  portiou  of  the  ovary,  called  tlie  liilum,  that  the  vessels  pene- 
trate, to  he  distributed  in  its  3ubi>tjince. 

Each  ovary  is  about  an  inch  and  a  half  in  length,  half  an  inch  In  thickness,  and  three- 
quarters  of  an  inch  in  widtb  at  its  brotidest  portion.  Tbe  outer  extremity  is  somewhat 
rounded  and  is  attached  to  one  of  the  hmbriie  of  tbo  Fallopian  tube.  The  inner  exti'emi- 
ty  is  more  pointed  and  is  attached  to  the  side  of  the  uterus  by  means  of  tbe  ligament  of 
the  ovary.  This  ligament  is  shown  in  Fig,  270  (T,  7).  It  is  a  rounded  cord,  composed 
of  non-striated  muscular  fibres  spread  out  upon  tbe  attached  extremity  of  tbe  ovary  and 
the  pi>sterior  surface  of  the  uterus^  and  is  covered  by  peritoneum.  The  weight  of  each 
ovary  is  from  sixty  to  one  hundred  gridns,  and  these  organs  are  largest  in  the  adult  virgin. 
Its  attached  bonier  is  called  the  liilum;  and,  at  tbis  portion,  tbe  vessels  and  nerves  (*eiie- 
trate.  The  surface  is  inarkt^l  by  roanded,  translucent  elevations,  produced  by  distended 
Graafian  follicles;  and  wo  frequently  ace  here  little  cicatrices  indicating  the  situation  of 
ruptnred  follicles.  We  may  also  see,  between  the  distended  follicles,  corpora  latea  in 
various  stages  of  atrophy. 

Within  the  last  few  ycara,  anatomical  researches  have  shown  that  the  surface  of  the 
ovaries  does  not  present  the  a|»pearance  of  a  continuation  of  the  peritoneum.  At  the 
base,  is  a  distinct  line,  surrounding  the  hilum,  which  indicates  whore  the  peritoneum 
ceases  and  where  the  [iroper  e[uthelial  covering  of  the  ovary  begins;  and  there  is  a  well- 
marked  and  abrupt  distinction  between  the  tessellated  epithelium  of  the  serous  surface 
and  the  layer  of  cylindrical  cells  covering  the  ovary  itself.  This  peculiarity  has  led 
to  the  idea  that  the  ovary  is  really  covered  by  a  nincous  membrane.  Indeed,  there 
seems  to  be  httle  dilfereDce  between  the  cells  covering  the  ovaries  and  those  lining  tlio 
Fallopian  lubes,  excei«t  that  the  latter  are  provided  with  cilia. 

Host  anatotniKts  describe  a  proper  fibrous  membrane  investing  the  ovaries,  which 
thej  call  the  tunica  alhuginea,  and  which  is  compared  to  the  librous  covering  of  the 
teatee.  This,  however,  is  not  a  proper  term.  Sappey  denies  the  existence  of  a  tunica 
albnginea;  an<h  indeed,  in  the  sense  in  which  it  was  tV>rmerly  describe^l,  such  a  membrane 
cannot  be  demonstrated.  On  making  a  section  of  the  ovary,  it  is  readily  seen  by  the 
naked  eye  that  tbe  organ  is  composed  of  two  distinct  structures;  a  cortical  substance, 
formerly  colled  tbe  tunica  albugiuea,  which  is  about  ^j  of  an  inch  in  thickness,  and  a 
mednllary  substance,  containing  a  large  number  of  blood-vessels.  Tbe  cortical  substance 
alone  contaius  tbe  Graafian  follicles.  The  external  layer  of  this  may  be  a  little  denser 
than  the  deeper  portion,  but  there  is  no  distinct  fibrous  membrane. 

The  structure  of  the  corticid  substance  of  the  ovary  is  very  simple.  It  consists  of  con- 
nective tissue  in  several  layers,  the  fibres  of  which  are  continuous  with  the  looser  fibres 
of  the  medullary  portion.  In  the  substance  of  this  layer,  are  embedded  the  ova,  enclosed 
in  the  sacs  called  Graafian  follicles.  This  layer  contains  a  few  blood-vessels,  corain;? 
from  the  medullary  portion,  which  surround  the  follicles. 
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The  mednllary  portion  of  t!ie  ovary  is  exceedingly  vasculnr  and  is  composed  of  mtmt 
oua  email  bands^  or  trubecuho  of  connective  tissue,  with  smooth  musenlar  fit^ree*.  ii 
biood^vessels,  which  penetrate  at  the  hilum,  are  large  and  convoluted,  espectalljr  at  ib^l 
hUum  itself,  where  there  is  a  mass  of  convolated  veins,  tbrroing  a  sort  of  vascular  btdb, 
which  has  been  described  particularly  by  Rouget.  In  the  medullary  portion  c»f  the  ovary, 
which  is  sometimes  called  the  vuscirhir  zone,  the  mus^colar  fibre?*  f^^lhiw  the  y«^^6els«  in  ti>t 
form  of  muscular  sheaths.  According  to  Koaget,  the  masa  of  resacla  at  the  btium  con- 
stitutes a  true  erectile  organ. 

In  addition  to  the  blood-vessels,  the  ovary  receives  nerves  from  tke  ffperroatic  plexus 
of  the  sympatlitjtic,  tlie  exact  mode  of  terminati*>n  of  which  haa  not  been  i 
Lymphatics  have  also  been  demonstrated  at  the  hiltiin. 


G^mqfian  Follicl£9,^ThQ8&  Tesioles,  or  folliclea,  were  described  and  Bgnred  bj 
Graaf  and  are  known  bjr  bk  name.  They  contain  the  ova*  undergo  a  series  of  intencsl^l 
iug^  changes,  en ]ar|[;;e,  approach  the  surface  of  the  ovary,  and  finally  are  ruptured,  di#>  J 
chtirgini^  their  contents  into  the  timbnated  extremity  of  the  Fallopian  tube. 

It  was  formerly  supposed  that  the  smallest  (Trnafian  follicles  were  j^ituated  deeply! 
tl)e  medullary  portion  of  the  ovaries,  approaching  the  surface  gradually,  as  they  becaan  j 
larger;  but  it  is  now  known  that  they  are  developed  exclusively  in  the  cortical  sabslanw. 
lt\  indeed,  we  examine  the  ovary  at  any  period  of  hfe,  we  find  no  follicles  properly  {nth« 
medullary  substance;  but  a  few  of  the  larger  may  project  downward,  so  as  to  encroaeli 
somewhat  upon  it,  being  actually  of  a  diameter  greater  than  the  thickness  of  the  cortci. 

The  earlier  anatomists  supposed  that  the  Graafian  follicles  were  few  in  nun»ber.  fifl«iij 
or  twenty,  but  they  counted  those  only  that  were  readily  seen  with  the  naked  eye.    WUa 
however,  it  was  calculated  that  ova  might  be  discharged  every  month  during  a  pt*f 
about  forty  years,  it  became  evident  that  the  follicles  must  either  be  quite  numer 
become  successively  and  constantly  developed.     This  led  some  anatoniista.  who  beliey^ 
that,  at  the  age  of  puberty,  the  ovaries  contaiiied,  either  partially  or  fully  developed,  ill  I 
the  follicles  that  ever  existed  in  these  organs,  to  increase  their  estimates  of  th«  nnmlicri 
of  follicles.     Sappey,  from  n  series  of  carelul  observations  on  this  point,  pats  lh«  mnnbcr  f 
of  follicles  at  from  600,000  to  700,000,     We  cannot  but  regard  this  estimate  as  very  raatll 
exaggerated.     According  to  the  table  of  meusurements  given  by  Waldeyer,  the  prim^if- 
dial  folhcles  in  the  human  embryo,  a^  the  seventh  month,  measure  from  j^l^  to  ^ },  of  in 
inch,  and  the  primordial  ovn^  from  ^^^^  to  yAh  ^^  ^^  wch.     From  what  has  been  irriltrt  i 
on  tills  point,  it  seems  difficult,  if  not  impossible,  to  give  an  approximation,  even,  of  tht  j 
number  of  follicles  in  the  ovaries,  but  there  certainly  must  be  several  tbonaands,  nuajy  j 
of  which  may  never  become  fully  developed. 

WitJiin  the  last  few  years,  very  important  advances  have  been  mad©  tn  onr  Lnowledgf  j 
of  the  mode  of  development  of  the  ovsi  and  ovaries,  which  will  be  more  fully  eonsidcrwl  j 
hereafter;  but  we  must  here  refer  to  these  points  brietly,  in  order  to  give  a  clear  rdviof  1 
the  relations  of  the  Granfiiin  follicles,  in  the  different  forma  which  they  present  under 
varied  conditions  of  development. 

The  ovary  appears  particularly  from  observations  upon  the  development  of  the  fhick,  j 
very  early  in  embryonic  life,  in  the  form  of  a  eelhilar  outgrowth  from  the  Woltlian  hudf. 
Most  of  its  cells  are  small,  but,  as  early  as  tlie  fonrth  or  tifth  day,  some  of  them  are  tali* I 
distinguished  by  their  large  size,  their  roundod  form,  and  the  presence  of  a  large  nudec*  I 
These  cella  are  supposed  to  be  primordiid  ova.  In  tlie  process  of  devclopmeni  of  tli^J 
ovary,  some  of  the  peripheral  cells  penetrate  in  the  form  of  tubes  {the  so-eallcilj 
rian  tubes)  and,  at  the  same  time,  delicate  processejit,  formed  of  connective  tis 
blood -vessels,  extend  from  the  fibrous  stroma  nnderlying  the  epithelium  and  cncJoat^ 
lections  of  cells.  It  is  probable  that  we  have  these  two  modes  of  formation  of  fulll 
one,  by  the  penetration  of  epithelial  tubes  from  the  surface,  which  become  con*trirti4l 
and  divided  off  into  closed  cavities,  and  the  other,  by  the  extension  r»f  fitirons  proctfa**! 
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from  l>elow,  whicli  enclose  little  collections  of  cells.  By  hotli  of  these  proceflsee,  little 
caTitiee  are  fortiied,  which  contain  a  mini  her  of  celU,  Jo  each  of  these  cavities,  we 
observe  a  single^  Iftrge^  rounded  ctll,  with  a  lurge  nucleiia,  this  cell  he'mg  a  j»rrmurUittl 
omiin;  and,  ia  ttddition,  wo  have  in  the  same  cavitj,  other  cells,  which  are  the  cells  of 
the  Graafian  follicle,  The  exact  nature  of  the  processes  we  have  just  described  has  been 
studied  in  the  fowl,  but  it  in  probable  that  the  same  kind  of  development  occurs  in  luam- 
jUalia  and  in  the  human  fcQiale. 

3  From  birth  until  just  bctore  the  age  of  puberty,  the  cortical  substfince  of  the  ovary 
contains  thousand**  of  «  hj^t  are  teniied  prinmrdial  follicles,  eiiclosin;L:  the  pritnurditil  ova; 
and  it  is  pruhable  tliat,  nftec  the  ovaries  are  fully  developed  at  birth,  no  additional  ova 
or  Graafian  follick's  make  their  appeartuice.  The  prevailing  idea  U,  indeed,  that  the 
great  luiyority  of  tlieso  never  arrive  at  maturity,  and  that  they  undergo  atrophy  at  \i\rU 
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Flo,  m.^Porflmi  of  a  mgiUnl  nmHon.  of  the  or/rry  (f  nn  old  bitcK,    C^tMty^T.) 

fpllhitiuiii ;  6.  b,  oraHon  tubeji;  t\  t\  yonns!**r  fulHclos ;  (t,  oUlrr  follloJc ;  *v  dla^wa  nrolliyeptis,  wUh  tH« 

I ;  f,  oirtttiolinm  of  a  m.tou<1  ovnui  In  the  HAme  folltciv  ;  g,  flbrons  voikK  or  tbr  Iblllcit?:  A.  pri:»p<*>f  ooftt  of  tbo 

l» ;  il.  crrtthcllutfi  of  tbfl  rollide  { mi^t^nlimnA  irmnuIo«tU  ;  K\  rollft(i«od^  jitrttphled  fnllk Ir ;  /,  Wo  k1  vessel*  :  rti,  trt, 

Bbp«  of  tbo  pttTOvariura,  dtv1<1i>4  lonirtttiillnaKy  ttnfl  tninnvt^rwlv  ;  y,  Ttihiil»r  rl<"T>r«/Ml<ni  «C  th«  «r«rliin  opl- 

I  In  the  tisjue  «f  tbe  a?ar)  ;  «,  begijiulug  of 'tbi"  ovikHan  (.•pUhcllum  close  to  Uie  lowtr  twrtlcr  of  Ihe  ovary 

on*  sla^^es  of  their  development  According  to  the  table  of  raeaaorements  given  by  Wal- 
d*yer,  the  primordial  follicles  of  the  human  embryo,  at  tbe  seventh  month,  are  from 
about  j\f^  \o  n\jf  of  an  inch  in  diameter,  and  the  primordial  ova,  from  -^^^  to  -^^  of  an 
inch*     In  the  adult,  the  smallest  follicles  mea»are  from  about  ^-^  to  ^^  of  an  inch,  and 
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the  »mallest  ova,  a  little  raore  than  y^Vi?  ^^  ^^  ™*^^'    '^^^  primordial  ova  have  the  for 
of  rounded  cells,  each  witli  a  lar^'e,  clear  imeleus^  and  a  nucleolus.     Other  structiirca 
developed  in  and  surrounding  tliese  cells,  as  they  arrive  at  their  full  develofiment. 

The  most  interesting  stage  in  the  develoj^inent  of  the  ova  and  Graafian  lolHclea  j 
observed  at  about  the  period  of  puberty.     At  thig  time,  a  number  of  follicle*  (tweJrii 
twenty,  thirty^  or  even  more)  enltirge,  »o  that  we  have  all  sizes,  between  the  smalki 
primordial  follicles,  ^^^  of  an  inch,  and  tho  largest,  nearly -J  an  inch  in  diiimetcr.    tii 
follicles  that  have  attained  any  considerable  size,  we  have  the  fully-developed  ova,  one  i 
each  follicle,  except  in  very  rare  instanccis,  w)jcn  tliere  are  two,  and  these  ova  have 
pretty  uniform  diameter  of  about  yijj  of  an  inch.     In  the  process  which  culminatea 
the  discharge  of  the  ovum  into  the  fiiubriated  extremity  of  the  Fallopian  tube,  the  Gro- 
fian  follicle  grtidually  enlarges,  beoomei^  distended  with  liquid,  and  finally  breakii  throng! 
and  ruptures  upon  the  surface  of  the  ovary.     It  becomes  necessary,  then,  to  study  th 
structure  of  these  large  follicles  and  their  relations  to  the  ova;  but,  before  we  do  Uiii 
we  can  review,  with  advantage,  the  ndatious  of  the  ditJerent  portions  of  the  ovary  onj 
the  follicles  and  ova  of  various  sizes,  by  an  examination  of  Fig.  271. 

Fig.  271  shows  the  follicles  and  ova  of  various  sizes.     It  is  observed  that  the  liTfef  I 
follicles*  cfmtain  fully-formed  ova  and  have  a  proper  fibrous  coat.     The  ova  here  pn»«eQ| ' 
an  epitheltui  covering  and  are  embedded  in  a  ma>is  of  the  epitheliid  lining  of  the  firUick 
(membrana  g^'^^'^^osa),  this  mass  being  called  the  discus  or  cumulus  j)n)liperu9w 

According  to  the  measurements  given  by  Wnldeycr,  the  smallest  (jraafian  foIHcIc4ftfV  i 
from  yJtt  ^^  eiir  *^f  ^^  '"^^'^^  ^^  diameter,  while  the  largest  measure  from  |  to  }  an  locli.] 
At  or  neir  the  period  of  their  maturity,  the  follicles  present  several  coats  and  are  tilled  I 
with  an  albuminous  liquid,  Tlie  mature  follicles  project  jupt  beneath  tlic  surfare  atid] 
form  little,  rounded,  translucent  elevations.  The  smallest  follicles?  are  near  the  surface,  I 
and,  as  they  enlarge,  at  first  become  deeper,  as  is  8oen  in  Fig.  271,  becoming  fluper&ciili 
only  as  they  approach  the  period  of  fullest  distention. 


1, 1^  atrnima  of  the  owy;  2,  f,  eonvoluUvL  cork-wrMr  blood-TCftiu'ti  ;  8,  flbrDO*  wull  ^f  tbr  foHlde:  4,  I 
pTAziukiw:  ft,  eumnfat  prDDgvms ;  6,  lona  pcUuddAof  tbo  ovum;  Z,  TlUflliw  of  On?  ovuui ;  b^  fcnall 
with  tbe  grrcnlruU  ipot. 


Taking  one  of  the  largest  follicles* as  an  example,  two  fibrous  layers  can  b« 
guiahed;  an  outer  layer,  of  ordinary  connective  tissue,  and  an  inner  layer,  the  tanks  | 
propria,  formed  of  the  same  kind  of  tissue,  with  the  dl^Terence  that*  aa  the  fotUde 
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Jarges,  the  inner  layer  becomes  vascular.  Tlio  vascular  tunica  proprm  is  linod  by  celk 
of  epithelimn,  forming  the  socalied  ajemhrana  granulosa*  At  a  eerUiin  poiut  in  thia 
meinbrune,  is  a  mass  of  cells,  callt-'d  the  dist'us  or  cumulus  proligeruiji,  in  which  the  tivnm 
\  emliedded.  The  eituation  of  the  discus  proligerus  and  tlie  ovum  bus  been  a  subject  of 
discussion.  Some  anatomists  describe  it  in  the  most  superficial  |)ortion,  and  others,  in 
the  deepest  part  of  the  follicle,  Waldeyer  states  that  be  has  observed  it  in  both  mtua- 
tions ;  and  it  i^  probable  that  its  puf^ition  is  not  invariable. 

The  liijuid  of  the  Graafian  follicle  is  alfcaliuo,  sMghtly  yellowish,  not  viscid,  and  it  eon- 
tains  a  sujall  quantity  of  alhuminoitl  nmtter  cougubible  t>y  beat,  akobol,  and  acids,  Th!« 
liijuid  is  supposed  to  be  secreted  by  the  cells  lining  tlie  inner  membrane  of  the  fulUele. 

It  is  important  to  remember  that  the  ovum  is  not  a  product  of  secretion,  nor  can  the 
ovary  bo  properly  considered  as  a  glandular  organ.  The  ovum  ia  an  anatomical  ele- 
ment ;  and  the  ovary  is  the  only  organ  in  which  this  anatomical  element  can  bo  devel* 
oped.  The  only  proot'ss  of  secretion  wbicli  takes  place  in  the  ovary  is  the  [irodtiction, 
probably  by  the  cells  of  the  membrana  granulosa,  of  the  hquid  of  the  Graafian  fuUicles. 

The  Parovarium, — TIjo  parovarium,  or  organ  of  RosenmUller,  is  simply  the  remains 
of  the  Woltlian  body,  lying  in  the  fuhk  of  tlie  broad  ligament,  belvvuen  the  ovary  and 
the  Fallopian  tube.  It  consists  of  from  twelve  to  fifteen  tubes  of  tibruus  tissue,  lined  by 
ciliated  epithelium,  and  it  has  no  physiological  importance.  The  Wolttian  bodies  will  be 
fully  described  in  connection  with  the  development  of  the  genlto-urlnary  gy^stem. 

The  Vterm.—ThG  form,  situation,  and  relations  of  the  uterus  and  Fallopiau  tolKs 
have  already  been  indicated  and  are  shown  iu  Fip.  270. 

The  uterus  ia  a  pear-shaped  body,  somewhat  tlattened  antero-posteriorly,  presenting 
a  fundus,  a  body,  and  a  nocL     At  ita  lower  extremity,  is  an  opening  info  the  vagina, 

(A  B  C 

Fia.  i7!l.  —  Virgin  utfrmL    L.^-ani' 
A-  I,  \X'^\r  ;  2.  2,  ingliis ;  3,  cerrU;  4,  si! 

Tiurtn*. 

B.  I,  1^  proAli  vir  pnrftirf*;  '2.  v*  Hic^i-uu^rind  aU-il^^iuui;  ft,  Ji,  profile  <if  the  po»tr»HoT  wurtkw;  i.  btvlv; 

^^^\  ''  r'nvity  f)f  tl]p  ho4r ;   S,  canity  of  tli«  o^nrU  ;   9,  oa  tntoroadi:  10,  antwlor  Hn  of  tli© 

m  *tt<»mi»?'  rior  Up;  12  11  Tofilnii, 
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vn^niU  portion  of  tiio  corvbt ;  fl,  external  »» ;  T*  T, 


A';. 

m  *  ..^  ^  ._  ,_  .^ „ 

C  h  eaviiv  of  this  boiiy ;  %  Ut^ml  wall ;  »,  in;i|ierinir  wftll :  4,  4,  eoraiu;  tS^  oi  IntcrDlun  ;  d^  cavity  of  Unt  oanix; 
T.  Arbor  irltBe  of  the  cervix ;  P,  oi»  oxtornniD  ;  li,  U,  va^'itia. 

called  the  os  externum.    At  the  upper  portion  of  the  neck,  is  a  constriction,  which  indicatet 
the  Bitnation  of  the  os  internum.    The  form  of  the  uterus  is  shown  in  Fig.  278  (A).     It  is 
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tisufllly  about  tlireo  inches  in  length,  two  in  breadth,  at  its  widest  portion,  and  on©  inch  in 
thlckdess.     Its  weight  is  from  one  uod  a  half  to  two  and  a  hulf  oimees.     It  ib  somewhat 
looseljr  held  iti  place  bj  the  broad  aod  round  ligaments  and  by  tlie  foldi*  of  the  i*eritune«Hj  ^ 
in  front  and  behind.     The  delicate  layer  of  pt!ritoneum  which  foims  it^  external  corifrtnf:^! 
extends  behind  as  far  down  a^  the  vagina,  where  it  is  reflet^ted  back  upon  the  rectum,  and^^ 
aoteriurly,  a  little  below  the  ujiper  extremity  of  the  neck  (os  intornumX  where  it  is  re- 
flected upon  the  urinary  bladder.    At  the  side»  of  the  uterus,  the  peritoneal  coTering»  a  lit-  ^m 
lie  below  tlie  entrance  of  the  Fallopian  tubes,  becomea  loosely  attached  and  leaves  a  Vmo  ^M 
for  the  penetration  of  the  veiaeb  and  oer?eB.    Fig.  278  (C)|  giving  a  view  of  the  interior 
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A,  fibres  of  the  al«mi  of  Ui»  lUiliti  At  term ;  B,  of  a  womaa  twaoty  yoin  of  ice;  C,  of  •  womiA  Jott  drtlrcff^ 


of  the  uterus,  shows  a  triangular  cavity,  with  two  cornua^  eorrepponding  to  the  opening* 
of  the  Fallopian  tabes,  and  exceedingly  thick  walls,  the  greatest  part  of  wliicb  is  com- 
posed  of  layers  and  bands  of  non-striated  muscular  fibres* 

The  muscalar  walla  of  tli©  uterus  arc  roui|»oso<l  of  fibres  of  the  involuntary  variety^ 
arranged  in  !*everal  layers.  These  fibres  are  spindle-shaped,  always  nucleated,  the  nu- 
cleus presenting  one  or  two  large  granules,  which  have  been  taken  for  nucleoli,  Thi7 
are  closely  hound  tofjether,  so  that  they  are  isolated  with  great  difficulty.  In  addition  to 
an  amorphous  adhesive  Buhatance  between  the  muscular  fibres,  we  find  numerous  round- 
ed and  spindle-shaped  cells  of  connective  tisane  of  the  variety  called  embrytinic,  and  i 
few  elastic  fibres.  The  muscular  tissue  of  the  uterus  is  remarkable  from  the  fact  thit 
the  fibres  enlarge  immensely  during  gestation,  becoming,  at  that  time,  ten  or  Qdeca 
limes  as  long  and  five  or  six  times  as  broad  as  they  are  in  Uie  unimpregnatcd  stale.  They 
are  united  into  bundles,  or  fasciculi,  which,  in  certain  of  the  layers,  interlace  witl^  each 
other  in  every  dircrtion. 

It  IS  quite  difficult  to  follow  out  the  course  of  the  fasciculi  of  the  muscular  tin^ne  of 
tbe  uterus,  and  the  layers  of  fibres  are  dcKcriUed  w»niewhat  diflerently  by  dtffertnt 
writers.  All  agree,  however,  that  there  is  a  superficial  layer,  tolerably  dlj*tinct,  ftry 
thin,  resembling  the  platysma  myoides,  which  is  sometimes  called  the  platysma  of  the 
ntema.  In  addition  to  this  layer,  we  flhall  describe  two,  making,  in  all«  three  layers,  an 
external,  middle,  and  internal,  although  thid  division  is  somewhat  arbitrary^ 
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The  external  mu&edar  liiyer^  which  is  verj  thin  but  distmct,  is  closely  attached  to  the 
j>erittinyum.  Whea  the  uttruij  is  sotnewLat  euhkrged  after  itupregnation,  ww  ubserre 
obliijue  atid  traniivorse  superticial  Hbred  puasiiig  uver  the  fimdas  and  the  anterior  and  po8* 
teripr  surfacijs  to  the  sido^  Here  they  are  prolonged  upon  the  Fallopian  tubes,  the  round 
ligament^  and  the  ligament  of  the  ovary,  and  al^so  extend  between  the  layers  of  the  broud 
ligament.  This  external  layer  is  so  thiu  that  it  cannot  be  \eey  etficieut  in  the  expulsive 
coQtractiuDs  of  the  uterus ;  but^  from  its  connections  with  the  Fallopian  tubes  and  the 
li^ament;^,  it  is  useful  in  holding  the  uterus  ia  place.  It  does  not  extend  entirely  ovt^r 
the  sides  of  the  uterus.  Iiou*iet,  wljo  has  given  a  very  elaborate  description  uf  the  ex- 
temid  layer  in  the  human  suhjtfct  and  lu  various  classes  uf  animals^  has  found  it  prolonged 


Who.  i'ti^Supfi^al  mmmlarjfbr^  ^  iM  anttri^tr  tvrfnc*  qftk^  ut&ru§,    (li^fools.) 
a,  It,  roitnd  Ufsmeoti;  b^  b^  FiOoptan  tubes;  e,  c^  «,  «,  tnoaverM  flbre« ;  d,/^  too^ltucnQul  ffhirs* 


tnld  the  ligaments  and  extending  to  the  ovnries  and  Fallopian  tubes.  He  regards  the 
nlern^  and  it«  so-called  appendages  as  lying  between  two  thin,  muscular  sheets,  and  con- 
siders the  action  of  the  muscular  tibres  as  very  efficient  in  producing  an  engorgement  of 
the  erecliie  tissue  of  the  iDternjtl  organs,  by  eonstrictifm  of  the  veins.  Erection,  accord- 
ing to  this  observer,  occurs  at  the  period  of^  meu>truation,  determines  the  application  of 
the  fuubriAted  extremity  of  the  Fallopian  tubes  to  the  snrfuce  of  tlie  ovary,  and  assists 
in  Uie  expaUion  of  the  ovum.  These  i>oiut9  will  bo  more  fully  considered  under  the  head 
of  ovulation. 

The  middle  muscular  layer  is  the  one  most  eflSclent  In  the  parturient  eontractiouB  of 
the  Qtems.  It  is  composed  of  a  thick  and  complicated  net-work  of  fasciculi  interlacing 
with  each  other  in  every  direction. 

The  inner  muscular  layer  is  arranged  in  the  form  of  brond  rings,  which  surround  the 
Fallopian  tubes,  become  larger  as  they  extend  over  the  body  of  the  uterus,  and  meet  at 
lb9  eeotre  of  the  organ  near  the  neck. 

The  funcons  membrane  of  the  uterus  is  of  a  pale,  reddish  color;  and  that  portion 
lining  the  body  is  smooth,  and  so  closely  Attached  to  the  snUjucent  structures,  that  it 
m&nat  be  separated  to  any  great  extent  by  dissection.  There  is,  however,  no  proper 
65 
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sabTQUcons  areolar  tisj^aeT  the  membrane  being  applied  dlrectl?  to  the  uterine  walls.    It  ] 

covered  by  a  single  layer  of  cylindrical  epithelial  cells  with  deticatcs  eilia,  the  Tuuvemenll 

of  which  are  froiu  without  inwurd^  toward  the  openings  of  the  Fallopian  tubes.     Ex-j 

amination  of  the  ^urfacta  of  the  inemlirai] 

with  a  low  magnifying  power  shows  tb 

openings    of   numerous    tubular    ^taodi^^ 

These  glands  are    uisuallv   Minple,   6<.»me- 

tirueis  branched,   dividing,  about  midway 

between  the  opening  and  the  lower  ei 

tremity,  into  two  and,  very  rarely,  tal 

VVi^^^^^^^l  three  secondary  tubules^     Their  course 

generally  tortuous^  so  that   their  leng 

frequently  exceeds  the   thicknc*^  of 

mucous  membrane.    The  Mpeningft  of  th*?4e  ] 

tubes  are  about  j\^  of  an  inch  in  diiuuet^«.i 

The  uterine  tubes  are  of  coQi»idenibJe| 

physiological  interest  and  have  been 

subject  of  much  dim*uiii<ion.    Their  ieer^l 

tion,  which  forms  a  ihtn  layer  of  miicii 

on  the  surface  of  the  membrane  in  health,] 

is  grayish,  viscid,  and  feebly  alkaline.  TL«  I 

tubes  themselves   Iiave  exceedingly  thin, 

structureless  walls,   and    are   lined   wrt!i| 

cylindrical  ciliated  epithelial  cell^ 

The  changes  which  the  mucous  in«iQ> 

Fto.  K«.-/««r  toy^  "^^^-'^  J""^  f  «'  •"""•   brnne  of  the  bo<ly  of  the  ntcraa  nndergow 

a,  fi,  rings  nnianrl  th(*  o|K'fiiii>»s  of  the  Fallopian  tubes  j  6,  h^   during  menstruation  are  remarkable.    Ud- 
circuliu- flbrea  of  the  c«rvlx.  ,  ,.  *..-  *.      *i  t   » 

der  ordmary  conditions,  lU  thk-kncfi  b 

from  ^  to  ^f  of  an  inch  ;  but  it  measures,  during  the  menstrual  [period,  from   I  to  J  of 

an  inch. 

In  the  cervix,  the  mucous  membrane  is  paler,  firmer,  and  thicker  than  the  meiU' 
brane  of  the  body  of  the  titeruis,  and  between  these  two  surfaces,  there  Is  a  ditdo<!tl 
line  of  dcmurknfkm.     It  is  hero  more  loosely  attached  to  the  subjacent  tissue  in  the] 
cervix,  and  the  anterior  and  posterior  surfaces  of  the  neck  prcHcnt  an  u[>t>earaoce  i«f  | 
folds  radiating  from  the  median  line,  forming  what  has  been  called  the  arbor  ritpn  uteri,} 
or  plicae  palmata?.     These  so-called  folds  are  supposed  by  some  anatomists  to  be  fonD«*ll 
by  rows  of  large,  papillary  elevations  of  the  membrane.     Throughout  the  entire  cerrirtl 
membrane,  are  numerous  mucous  glands,  and,  in  addition,  in  the  lower  portion,  iff  i 
few  rounded,  semitransparent,  closed  folliclcK,  called  the  ovules  of  Nabotb,  which 
probably  cystic  enlargements  of  obstnictetl  ftdlicles.     The  upper  half  of  tht^  cerrifill 
membrane  is  smooth,  but  the  lower  half  jyesenta  numerous  villi.     The  epithelium  <^| 
the  cervix  presents  great  variations  in  its  character  in  different  individuals.     Beforv  tiht  j 
time  of  puberty,  the  entire  membrane  of  the  cervix  is  covered  with  ciliated  epithfrmm^  j 
After  puberty,  however,  the  epithelium  of  the  lower  portion  changes  its  chumcter,  iD4 
we  have  cylindrical  cells  above,  with  f^uamous  cells  in  the  inferior  poiiioo.     The  latter  | 
extend  upward  in  the  neck  to  a  variable  distance. 

The  blood-vessels  of  the  uterus  are  very  large  and  present  certain  important  poenU* 
arities  in  flieir  arrangement.  The  uterine  arteries  pass  l>etween  the  layer*  of  tlw»  braid 
ligament  to  the  neck,  and  then  ascend  by  the  sides  of  the  uterus,  prefjentinjg  an  ez««cil* 
iogly  rich  plexus  of  convoluted  vessels,  anastomosing  above  with  branches  from  lb#| 
ovarian  arterii*s,  sending  branches  over  the  bwly  of  the  utema,  and  finally  peneimlhill 
the  organ,  to  be  dietribnted  mainly  in  the  miildle  layer  of  mtiscular  fibre-s.  In  thtif 
coarse^  these  yessels  present  the  convoluted  arrangement  character istic  of  en,H?ill« 
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&ncl  form  a  sort  of  monid  of  the  body  of  the  uterus.  Rooget  calls  this  the  erectile  titisiie 
of  Uie  inlernftl  generative  organs.  By  plnelng  the  piehis  in  a  bath  of  warm  water  and 
iiyecHn^  what  he  calls  the  Bpongy  bodies  i>f  the  ovaries  and  uterus  by  the  ovarian  veins, 
he  pro<iuccd  a  dis^tention  of  the  vessels  and  a  true  ereetiou,  the  uterus  executing  a  move- 
ment analogous  to  that  of  the  penis  during  venereal  excitement. 


T^ 


Tta,  Tn.—St^od-re*»iU  of  th^  vteru«  and  maiHt* ;  po9t*r(or  Httr,    (Ron pet,) 
tube»;  O.  O.  orttrleii;  V,  ut«ra*;  V.  vo^iia;  P,  pabl«l  L.  Hiiteriar  round  Itgaiiieiit  ^1,  3, 
i;  8,  4,  UeimMnit  of  tlw  ovury;  5,  ftUperlor  ruund  llinuiiout;  fl,  owrtaa  nUtry;  t,  ovi 


niTiwiiIiir 
Artttii  vein ; 


In  addition  to  tlie  erectile  action  above  described,  Wernich  has  lately  noted  a  true 
erection  of  the  lower  portion  of  tiio  uterus,  parti^-ularly  the  neck,  which  he  believes  to 
be  very  etBoient  in  aiilin;^  tlte  penetration  of  sperrnatozuids.  In  several  obj^ervations,  be 
noticed,  darinj^  a  v/iginul  exminnntiori  by  the  tourh,  that  the  neck  of  the  uterus,  which 
at  first  was  soft  and  duccid,  bectmie  ebm^'ated,  hardened,  and  apparently  in  u  condition 
of  erection,  giving  an  impression  to  the  tinger  comparable  to  the  hardened  glans  penis. 
As  an  anatomical  explftnation  of  the  phenomena  observed,  Wernich  quotes  from  Ilenle 
an  account  of  the  arrangement  of  the  blood-vessels  of  the  cervix  and  bis  physiological 
deductions  from  the  pre^nico,  in  this  portion  of  the  uterus,  of  a  true  erectile  tissae* 
This  question  will  be  considered  more  fully  under  the  head  of  the  inechanii;ni  of  fecnn- 

Ifo  the  muscular  structure  of  the  uterus,  are  numerous  large  veins,  the  walls  of  which 
"ire  closely  adherent  to  the  uterine  tisane.     During  gestation,  Ihese  vessels  become  en- 
larged, forming  the  so-called  uterine  sinuses. 

Lymphatics  are  not  very  numerous  in  the  animpregnuted  uterus,  but  they  l>ecome 
largely  developed  during  gestation.  They  exist  in  a  superficial  and  a  deep  layer^  the 
deeper  vessels  coming  from  the  muscular  substance  and  probably  also  from  the  raucous 
nbrane. 
^The  uterine  nerves  are  derived  from  the  infefior  hypogastric  and  the  spermatic  plex- 
~S&s^  and  tlie  third  and  fourth  sacral.  In  the  substance  of  the  uterus,  they  present  in 
their  course  small  collections  of  ganglionic  cells  and  it  is  said  that  the  nerves  puss  finally 
to  the  nucleoli  of  the  muscular  fibres. 
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37**  Fallopian  Tiihu, — ^The  Fallopian  tubes,  or  oviducts,  lead  from  the  ovaries  to  ti 
uterus.     They  aro  shott-n  in  Fig.  270.     TIjcs©  tubes  are  from  tl*ree  to  four  inches  Icb 
but  tlieir  length  is  not  tdvv^aya  equal  upon  the  two  sides*     They  lie  betwevn  the  fohU  < 
the  broad  lifjament  at  xis  ui»j>er  border.     Opening  into  the  uterua  upon  either  side  at  tb 
cornua,  tliey  prt'sent  a  smull  orifice,  about  ^j  of  an  inch  in  diameter.     From  the  cornwaT 
they  take  a  somewhat  undulatory  course  outwanl,  gradually  increasing  in  sire,  so  th^tt 
they  are  rather  trumpet-shaped.     Near  the  ovary,  they  turn  downward  and  back  war 
The  extremity  next  the  ovary  is  marked  by  from  ten  to  fifteen  firabnie,  or  fringes^  w  hie 
has  given  this  the  name  of  the  fimbriated  extremity,  or  morsua  diaboU,    All  of  tlii 


"v.^^ 


Mngedike  processes  are  fVee,  except  one ;  and  this  one,  which  ia  longer  than  the  otiien^  | 
is  attached  to  the  outer  an?le  of  the  ovary  and  presents  a  little  gutter,  or  furrow,  ex- 
tending from  the  ovary  to  the  opening  of  the  tube.     At  thia  extremity,  Is  the  abdoTniailj 
opening  of  the  tube,  which  is  two  or  three  times  as  large  as  the  uterine  opening.     Vm 
ing  from  the  uterus,  the  caliber  of  the  tube  gradually  increases  as  the  tube  itself  «n*j 
larges,  and  there  is  an  abrupt  constriction  at  the  abdominal  opening. 

Beneath  the  peritoneal  coat,  wliieh  is  formed  by  the  layers  of  the  broad  lig'aineott  ii] 
a  layer  of  connective  tissue,  containing  a  rich  plexns  of  blood-vessels.     This  coiulitotfli 
the  proper  tibrous  coat  of  the  Fallopiati  tubes. 

The  muscular  layer  is  composed  tnainly  of  circolar  fibres  of  the  non-striat4?d  varietyt] 
with  a  few  longitudinal  fibres  prob»nffi'd  over  the  tube  from  the  external  muscular  \9jti\ 
of  the  uterus.     Thi«  coat  is  quite  thick  and  sends  bands  between  the  layers  of  the  bit*il 
ligament  to  the  ovary,  which  are  supposed  to  act  in  adapting  tho  fimbriated  eitT^Ptiiityaf 
the  tube  to  the  snrfjice  of  the  ovary. 

The  mucous  membrane  of  the  tube  is  thrown  fnto  folds,  which  are  longitudinal  emi  i 
transverse  netur  the  uterus,  and  are  more  complicated  at  the  dihited  portion.     In  Uiii^ 
portion,  next  the  ovary,  embracing  about  the  outer  two-thirds,  the  folds  project  far  ict* 
the  caliber  of  tlie  tube.     These  are  sometimes  simple,  hut  more  frequently  they  pnL«Bt 
secondary  folds,  often  meeting  as  they  projoct  from  opi>08ite  sides,     Tlda  arrangfineftt 
irives  an  arborescent  appearance  to  tho  membrane  on  tratisverse  section  of  the  tabe. 
The  mucous  membrane  is  covered  by  cylindriciil  ciliated  oj>irhelium,  the  movement  of  * 
the  cilia  beinj^  fnmi  the  ovary  toward  tho  uterus.     At  the  margins  of  the  fimbria',  the 
ciliated  epithelium  is  continuous  with  the  epithelium  of  the  peritoneum,  presenting  tii# 
exceptionid  example  of  an  opening  of  a  mucousdinod  tube  into  the  oAvitj  of  tlie  ptfitP> 
nemu.    The  membrane  of  the  tubes  has  no  mucous  glands. 


It  is  not  necessary  to  enter  into  a  minute  description  of  the  external  orgnti^  *^t  '»" 
female.  Opening  by  the  vulva,  extern^dly,  and  terminating  at  the  neck  of  the  utem^  ^ 
a  membranous  tube,  the  vagina.     This  lies  between  the  bladder  and  the  r«ctutn«    It  1^^ 
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II  curved  direction,  being  Abont  foar  inches  long  in  fronts  and  fivo  or  six  indies  long  pos- 
teriorly. There  la  a  constricted  portion  at  the  outer  opening,  whore  we  have  a  uiasclei 
c^mi'^d  the  spiiincter  vugiuie^  and  the  tube  is  souit^whut  narrowed  at  its  upper  eud^  where 
it  crnbraet'S  the  cervix  ut*^ri.  The  inner  surface  presents  a  mucous  membrane,  marked  hj 
transTer^e  rnpte,  with  papiUro  and  m aeons  glands.  Its  eurtace  is  covered  with  flattened 
epithelium.     The  vagina  is  quite  extensible,  as  it  must  he  during  parturition,  to  allow 


'X 


Fift.  8T!»«— JRrf*if*«/  erM*tih  orf^UM  qf  the  ftmah.    ^Lf^ffooU,) 
;  R  B.  Isthlufn;  C\  ditorb  ;  D.  jflaml  of  the  clltrtrlii;  E.  bnlh;  F,  ranstritftor  mnsete  of  th**  vulva;  ft,  loft 
jmw  «f  lt>(?  t-tltofJi ;  H,  <\nrm\  voiri  of  thf*  cllu^rU  ;  I,  Uitermodlnry  iJuxusi;  J,  vein  of  comintmication  with  lb* 
OtaOEitor  ¥«lii ;  K,  obttmU)r  veiu ;  M,  lalWa  minora. 

the  psflsa^  of  the  child,  It  presents  a  proper  coat  of  dense  fibrous  tissue^  with  longi- 
tudinal and  circular  muscular  fibres  of  the  non-striated  variety,  We  have,  also,  sur- 
roandini^  it^  a  rather  loose  erectile  tissue,  which  is  most  proniineut  at  its  lower  portion. 

The  parts  composing  tlio  external  organs  are  ahundantly  snpplieil  with  vessela  and 
nerves.  In  the  clitoris,  which  corresponds  to  tfie  penis  of  the  male,  and  on  either  side 
of  die  vestibule,  we  find  a  true  erectile  tissue* 

Structure  of  the   Ovum, 

The  ripe  ovnm  lies  in  the  Graafian  follicle,  embedded  in  the  mass  of  cells  which  cod- 
•Ktntes  the  discui*  proligerus.  Within  the  discus,  surrounding  the  ovum,  there  seem  to 
be  two  kinds  of  cells ;  fir^t,  cells  e%ii]ently  belont^ing  to  the  Graafian  follicle  and  similar 
to  the  cells  in  other  parts  of  tfie  menibnma  granulosa ;  second^  a  single  Liver  of  columnar 
cells  belonging  to  the  ovum  and  probahly  concerned  in  the  production  of  tlie  proper 
membrane  of  the  ovum,  the  vitelline  membrane.  Regarding  the  vitelline  membrane  as 
the  external  covering,  we  can  «ee,  in  the  ovujn,  a  r lear,  transparent  membrane,  a  granu- 
lar muss  (the  vitelhis)  tilling  this  membrane  completely,  a  large,  clear  nucleus,  called  the 
gemunal  vesicle,  and  a  nucleolus,  calh>d  the  germinal  spot. 

The  size  of  the  ripe  o^-nni,  in  the  human  subject  and  in  mammals,  is  about  -^^  of  on 
inch,  and  its  form  is  globular. 

The  external  membrane  of  the  ovum  is  clear,  apparently  structureless,  quite  strong 
and  resisting,  and  it  measures  about  -^^f^  of  an  inch  in  thickness.  As  it  forms  a  trans- 
p^ent  ring  in  the  mass  of  cells  in  which  the  ovum  is  embedded,  this  is  sometimes  called 
the  xona  pellucida.  According  to  recent  researches,  it  seems  that  the  primortlird  ovum 
has  at  fin$t  no  special  investing  membrane ;  as  it  develops^  it  presents,  snrrotmding  the 
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vitellus,  a  single  layer  of  colamnar  cells ;  at  the  deepest  portion  of  these  cells,  a  homo- 
geneous basement-membrane  is  gradually  formed ;  and  the  cells  undergo  a  sort  of  cuticu- 
lar  transformation,  becoming  finally  the  vitelline  membrane. 

An  important  point,  in  this  connection,  is  the  question  of  the  existence  of  pores,  or  per- 
forations in  the  vitelline  membrane.     As  we  shall  see  further  on,  there  can  be  no  doubt 
with  regard  to  the  actual  penetration  of  the  spermatozoids  through  this  membrane,  so 
that  they  come  in  contact  with  the  vitellus ;  and  it  is  in  this  way  that  the  ovum  is  fecun- 
dated.    In  the  osseous  fishes  and  in  mollusks,  there  seems  to  be  no  question  with  regard 
to  the  existence  of  numerous  pores  in  the  vitelline  membrane ;  but  these  are  not  so  easilr 
demonstrated  in  tiie  ova  of  mammals.     Admitting  the  existence  of  a  micropyle  and  pores 
in  the  vitelline  membrane  in  fishes  and  mollusks,  it  is  certain  that  openings  are  verr 
much  more  indistinct,  if  they  can  be  seen  at  all,  in  the  ova  of  mammals;  still,  the  fact 
of  the  actual  penetration  of  spermatozoids  almost  of  necessity  presupposes  the  presence 
of  orifices.     We  have  often  thought,  in  studying  this  subject,  that  it  must  be  difficnlt, 
examining  a  perfectly  transparent  and  homogeneous  membrane  in  water,  which  wodd 
fill  up  all  pores,  to  distinguish  any  openings,  and  we  have  been  disposed  to  admit  their 
presence,  mainly  because  the  spermatozoids  are  known  to  pass  through.    The  idea  of 
their  existence  in  mammals  certainly  receives  support  from  analogy  with  the  lower 
orders  of  animals. 

The  vitellus,  called  the  principal  yolk  or  the  formative  yolk,  contains  the  elements 
which  are  to  undergo  development  into  the  embryon.  It  is  composed  of  a  semifluid 
mass,  containing,  in  addition  to  the  germinal  vesicle,  numerous  granules.  Some  of  tbew 
granules  are  large,  strongly-refracting,  globular  bodies,  which  are  so  bright  and  so  numer- 
ous, that  they  obscure  the  other  parts  of  the  vitellus.  Between  these,  are  numerous  albu- 
minoid granules,  which  are  much  smaller  and  not  so  distinct. 

The  germinal  vesicle,  sometimes  called  the  vesicle  of  Purkinje,  is  the  enlarge<l  nuclens 
of  the  primordial  ovum.  It  is  a  clear,  globular  vesicle,  about  -g\^  of  an  inch  in  diameter, 
embedded  in  the  vitollus,  its  position  varying  in  different  ova.  It  presents  in  its  interior 
a  number  of  fine  granules,  and  a  largo,  dark  spot,  called  the  germinal  spot,  or  the  >|ut 
of  Wagner,  which  measures  about  ^/^jg  of  an  inch  in  diameter.  This  spot  corresponds 
to  the  nucleolus  of  the  ])riniordial  ovum.  In  inainmals,  the  mature  ovum  contains  bot 
one  germinal  vesicle  and  one  germinal  spot.  The  various  points  we  have  described  are 
illustrated  in  Fig.  280. 

Discharge  of  the    Ovum, 

A  ripe  Graafian  follicle  measures  from  |  to  J  of  an  inch  in  diameter  and  presents  a 
rounded  elevation,  containing  a  plexus  of  blood-vessels,  upon  the  surface  of  tlie  ovarr. 
At  its  most  prominent  portion,  is  an  ovoid  spot,  in  which  the  membranes  are  entirely  fh^e 
from  blood-vessels.  At  this  spot,  which  is  called  the  macula  folliculi,  the  coverings  tinally 
give  way,  and  the  contents  of  the  follicle  are  discharged.  For  a  short  time  anterior  to 
the  rupture  of  the  follicle,  important  changes  have  been  going  on  in  its  structure.  In 
the  first  jdace,  the  non-vascular  portion,  situated  at  the  very  surface  of  the  ovary,  under- 
goes fatty  degeneration,  by  which  this  ])art  of  the  wall  becomes  gradually  weakened.  At 
the  same  time,  at  the  other  portions  of  tlie  follicle,  there  is  a  growth  of  cells,  which  pro- 
ject into  the  interior,  and  an  extension,  into  the  interior,  of  blood-vessels  in  the  fomi  of 
loops.  These  changes,  with  an  increase  in  the  pressure  of  liquid  and  the  fatty  degen- 
eration of  the  macula,  cause  the  follicle  to  hurst ;  and,  with  the  liquid,  the  discus  proline- 
rus  and  the  ovum  are  expelled.  The  formation  of  a  cell-growth  in  the  interior  of  the 
follicle  is  really  the  beginning  of  the  corpus  luteum  ;  and  this  occurs  some  time  before 
the  discharge  of  the  ovum  takes  place.  It  is  a  disputed  question  whether  or  not  i 
haemorrhage  occurs  into  the  follicle  at  the  time  of  its  rupture.  This  may,  and  undoubtedly 
does  sometimes  occur,  but  it  cannot  be  regarded  as  constant  and  has  been  denied  by 
many  observers. 
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Tb«  time  at  wlnoh  tho  folliclo  ruptures*  particularly  with  reference  to  t)je  menstrual 
pf^rioil,  h  probably  QOt  definite;  but  it  h  ccrtaiD  that,  wliile  sexuut  cscitetneut  niay 
liiiMtcn  th<j  iltsi*bar;^^e  of  an  ovum  by  pr^^ucing  a  groattr  or  les^  tendtDcy  to  congestion 
of  the  internal  orgau^^  ovuktiun  takes  place  mdep»t^n(Jently  of  the  action  of  coition.  The 
opportunities  for  detertnining  thia  fact  in  the  huiuan  female  are  not  frequtut;  but  it  has 
bt?en  fully  denioni«t rated  by  observfttions  upon  the  inferior  aninml>i»  find  there  ij*  now  no 
doubt  with  regrurd  to  the  identity  of  the  plivnofiieiia  of  nit  and  of  ujenstruution,  U  is 
OHcleHS,  at  the  present  day,  to  enter  into  nn  ehiliorate  discussion  of  thia  point,  which 
f>eriipicd  so  much  the  attention  of  the  eiirlicr  writers.  From  Ihtj  turjicst  times,  it  was 
reeo^niEed,  not  only  that  women  became  fruitful  ouiy  after  the  appearance  of  the  nienaes, 
hot  tliat  »exnal  intercourse  was  most  Ukely  to  he  followed  by  conception  wbca  it 
occurred  near  the  perio<ls ;  a  point  which  we  shall  discuss  more  fully  under  the  head  of 
fecundation.  When  it  wa«  recognized  that  rupture  of  Graatian  foUielea  was  followed  by 
the  formation  of  corpora  lutca»  it  became  eii*'y  to  verify  the  supposition  that  the  ova 
were  discharged  at  regular  Lntervidj",  by  an  examination  of  the  ovarits  in  women  who 
had  died  suddenly;  and  such  observations,  sh<»wing  corpora  luteu  in  virgina,  demon* 
ftU*at4^d  thai  ovulation  was  not  necessarily  dependent  upon  coitus. 


Pin-  2%0.—Orum  of  th^  rabbit,  /hwn  i 
a,  qjlthetlttfn  of  the  ovom;  b^  eotm  pr'thii-liln. 


n  IlicU  ^  of  nn  ini'K  tn  dhrmeUr.    (WjihJeyiT ) 
r  itrtatlons  (vltcllino  roptnbranv) ;  e,  gcrajljwJ  TesicJe; 
t ;  «,  vltellttS. 


Observation;!  upon  the  lower  animals  Iiave  shown,  notwithstanding  the  fact  of  dis- 
charge  of  ova  without  copulation  or  even  the  eight  of  the  male,  that  sexual  excitement 
a  certain  influence  upon  ovulation.  Tlie  experiments  of  Costc  upon  ibis  jioint  are 
interesting.  This  observer  noted  that,  in  rabbits  killed  from  ten  to  fitYeen  houra 
©r  copulation,  there  was  evidence  of  the  recent  difirhiirjre  of  ova,  In  two  oxperiments, 
however,  ho  took  female  rabbits  in  heat  and  manifcf^tinjcr  the  t^reiitest  ardor  for  the  male, 
presented  them  to  the  male,  in  order  to  show  tbat  they  were  really  in  heat,  but  care- 
fully  prevented  copulation.  This  was  done  for  three  days  in  guccession,  there  being,  on 
ijoeh  orca^ion,  a  manifest  desire  for  the  approach  of  the  male.  One  rabbit  was  killed  on 
lite  third  day,  while  »till  in  heat;  and  six  distended  Graafian  follicles  were  found  in  ono 
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ovarjr  and  two  id  the  other ;  hut  there  was  no  trace  of  ruptured  follicles^     The  other 
rahbit  ccjised  to  ho  in  heat  on  the  fourtlj  diiy  and  was  killed  on  the  fifth,     Thb  animiil 
presented  seven  distended  follicles  on  one  side,  fnid  one  on  the  other,  but  do  ruptarc* 
tblhcles.     From  thest)  and  other  experiments  upon  the  lower  nnimal^s  there  se^niB  to 
no  doubt  that  copulation  hastens  the  rupture  of  ripo  Graatian  f»»lJicles;  but,  on  the  oth 
hand,  it  is  equally  true  that  follicles  rupture  indepentlently  of  tho  aextial  act. 

To  return  to  the  phenonieua  wLicli  attend  ovulation  in  the  human  subject,  there  w 
every  reason  to  suppose,  at  leawt  from  anah)^y,  that  the  excitement  of  the  genital  organi 
during  sexual  intercourae  may  deterrnioo  the  rn[»turo  of  a  ripe  Grflatiau  follicle.  At 
Btutcd  periods,  marked  by  the  phenoniona  of  mens^truation,  one,  and  6c»metimes  mon 
Graafian  follicles  become  distended  and  usually  rupture  and  discharge  their  contents  ilitQ 
the  Fallopian  tubes.  This  discharge  of  an  ovuiu  or  ova  may  occur  at  the  bcjTinniDg,  al 
the  end,  or  at  any  time  during  the  continuance  of  the  menstrual  flow.  Upon  tbti 
point,  the  observationn  of  Coste,  which  were  made  many  years  ago,  seem  entirely  eon* 
clajj^ive.  In  a  woman  who  died  on  tlie  tir*<t  day  of  menBtnifltiont  he  fonnd  a  reccntfr* 
rui»tured  follicle ;  in  other  instances,  at  a  more  advanced  period  and  toward  the  deelind 
of  the  meuBtruul  flow,  he  found  evidences  that  the  rupture  had  occurred  later;  in  th« 
case  of  a  female  who  drowned  lierself  four  or  five  days  after  the  cessation  of  the  mensei^ 
a  follicle  wan  found  in  the  right  ovary,  so  distended  thnt  it  was  ruptured  by  very  f*li^hi, 
pressure ;  and  other  instances  were  observed  in  which  I'ollicks  were  not  rupturetl  durinj 
the  menstrua]  period.  The  tuo!<t  striking  case  of  this  kind  was  of  a  young  girl,  nineteci 
years  of  age,  who  committed  suicide  fifteen  dnys  after  the  menstrual  period.  The  ovarici 
were  examined  with  the  greatest  cure,  *'Bvthe  side  of  the  Graafian  vesicles  Isi 
developed,  were  found  traces  of  ruptured  vesicles;  but  the  corjiora  hitea  were  evi 
too  old  to  be  reasonably  referred  to  the  lust  menstruation;  the  Graafian  vesicle^ 
quently,  had  not  matured,  or  at  least  had  been  arrested  in  its  development," 

In  conclusion,  remernbering  that  coitus  may  hasten  the  rupture  of  ripe  follicles,  we 
quote  from  Coste  the  following  as  representing  what  wo  know  of  the  relations  hetirceii 
ovulation  atjd  menstroation : 

*'  As  a  summary,  then,  of  all  the  facts  that  I  have  observed,  I  believe  it  to  be  con- 
clusive, that,  in  the  human  female,  there  is  always,  at  each  menstrual  i>eriod,  as  durii»|! 
the  condition  of  rut  in  animals,  a  vehicle  of  the  ovary  which  has  a  marked  prepundir- 
ance  over  the  others;  that  it  spontaneously  arrives  at  maturity,  and,  most  generally,  ii' 
ruptured  at  some  time  during  this  jicriod  to  give  issue  to  the  ovum  which  it  contailK 
hut  there  are  cases,  also,  in  which,  in  the  absence  of  sufliciently  favorable  condrtjoot, 
this  distended  vesicle  cannot  accomplish  this  end,  and,  as  in  mammals  again,  tnay  remsto 
stationary  or  bo  entirely  reabsfprbedJ' 


Passage  of  Ova  into  the  IbUopian  Thbe^, 


The  fact  tliat  the  ova,  in  the  great  mryority  of  instances,  pass  into  tho  Falloprti 
tubes,  is  sufliciently  evident.  The  fact,  also,  that  ova  may  fall  into  the  cavity  of 
pcritoDeum  is  shown  by  the  occasional  occurrence  of  oxtra-uterine  pregnancy,  a  mro 
accident,  which  shows  that,  in  all  probability,  the  failure  of  wnimpregnated  ova  to  enter 
the  tabes  is  cxceptionaL  When  we  come,  however,  to  tho  mechanism  of  the  passage 
of  the  ovn  into  the  tubes,  the  explanation  is  difficult.  At  the  present  time  there  arc  two 
theories  with  repird  to  this  pn^cess;  one,  in  which  it  is  supposed  that  the  fimbriatfd 
extremities  of  the  Fallopian  tubes,  at  the  time  of  nipture  of  the  Graafian  follicle*,  be* 
come  adapted  to  the  surface  of  the  ovnries;  and  the  other,  that  the  ova  are  carried  tci 
til©  openings  of  the  tubes  by  ciliary  currents.  Neither  of  these  theories  is  capable  of 
actual  den»onstration  ;  and  we  can  only  judge  of  their  probable  corroolneas  frora  ana- 
tomical  facts.  Ronget,  an  earnest  advocate  of  tho  first-mentioned  theory,  hgA  girtn  i» 
exact  description  of  the  muscular  structures  connected  with  the  tubes  and  ovariefi    We 
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hare  already  seen  tlmt  one  of  the  fimbria  of  the  tube  ia  longrer  than  the  otliera  and  ia 
attached  to  tfie  outer  anpk*  of  the  ovary.  The  other  fimbriio  are  unattached  and  are 
distant  from  about  Iralf  an  ineh  to  an  inch  from  the  ovarian  tjurtaco.  Accordinjj  to  this 
obeerver^  there  is  a  doable  layer  of  nnmctihir  tihres,  passing  from  the  lumbar  rejfion  of 
the  uterus  and  embracing  the  whole  of  the  tlitated  |>ortion  of  tlie  tul>e ;  and  the  Action  of 
Uie»e  fibres  must  draw  the  extremity  of  the  tube  toward  the  ovary  and  apply  it  to  its  sur- 
face. That  the  muscular  fibres  described  hy  Kouget  exist,  there  can  be  seurcely  a  doubt; 
but  tlmt  their  action  is  essential  to  the  passage  of  ova  into  the  Fallopian  tubes,  ia  a  ques- 
for  diseusfiiou.     If  we  could  assume  with  certainty  that  the  ova  are  disiclmrged  only 

Ha{C  sexual  intercourse,  or  that  follicles  are  usually  ru}>tured  as  a  conse(|uenee  of 
pressure  exerted  by  the  muscular  action  described  hy  Rouget,  this  theory  would  be  ren- 
dered exceedingly  probable,  to  sny  the  least;  but  tlie  facts  do  not  admit  of  this  exclusire 
view.     However,  observations  upon  the  lower  auiuials,  particularly  rabbits,  have  shown 

bt  copulation  actually  hastens  the  discharge  of  ova  from  ripe  Uraafjan  follicles;  bat  it 
be  a  question  of  t!ieory  simply,  whether  tbe  act  be  attended  with  the  muscular 
eontraction  iudieated  by  Rou^'ct^  or  whether  there  be  a  determination  of  blood  to  the 
ovary,  which  prc»duces  an  additional  tendency  to  rupture  at  this  time.  We  can  hardly 
adopt  unrcitervcdly  tlie  tlieory  of  Kouget,  unless  it  be  evident  that  there  is  no  other  way 
in  which  the  ova  can  ent^^r  the  tube$.  The  fact  is  that,  in  the  human  fumale,  an  ovum 
may  be  discharged  at  the  be^rinnlng  of  menstruation,  at  any  time  during  the  tiow,  or 
even  after  the  flow  has  ceased ;  and  it  is  more  than  probable  that  pressure  within  tlie 
fijUicle  alone  may  cause  its  rupture,  and  that  this  may  occur  independently  of  sexual 
excitement  In  view  of  tljese  facts,  while  we  cannot  deny  that  the  limbriated  extrem- 
ities of  the  tubes  may,  by  muscular  action,  be  draw^n  toward  the  surface  of  the  ovary, 
we  cannot  admit  that  such  an  action  is  constant,  or  that  it  is  necessary  to  t)ie  passage 
of  ova  into  the  tubes,  thouj^h  the  theory  of  Kauget  has  been  adopted^  entirely  or  in 
part,  by  some  writers  of  authority. 

If  we  take  into  account  the  situation  of  the  ovanea  and  the  rchitions  of  the  Fallopian 
tobe^i,  we  can  understand  liow  an  ovum  may  pass  into  the  tube^  without  invokinjr  theoid 
of  muscular  action.  Let  ua  suppose,  for  exanifde,  that  a  Graafian  follicle  be  ruptured 
when  the  fimbriated  extremity  of  the  tube  is  not  applied  to  the  surface  of  the  ovary.  One 
of  the  fimbriie^  longer  than  tlie  others,  is  attached  to  the  outer  angle  of  tbe  ovary  and 
presents  a  little  furrow,  or  gutter,  leading'  to  the  opening  of  the  tube.  This  furrow  is 
lined  by  ciliated  epithelium,  as  indeed,  ia  tbe  mucous  membrane  of  all  of  the  fimbriie,  the 
movements  of  which  produce  a  current  in  the  direction  of  the  opening,  which  wo  might 
snppose  would  be  sufficient  to  carry  a  little  fjlobule,  only  ^i^  of  an  inch  in  diameter,  into 
the  tube.  At  the  s^ime  time,  there  is  probably,  as  has  been  suggested  by  Beeker,  a  con- 
stant fiow  of  liquid  over  the  ovarian  surface,  directed  by  tbe  ciliary  current  toward  the 
tube;  and  when  the  liquid  of  the  ruptured  follicle  is  discharged,  this,  with  the  ovum, 
takes  the  same  course. 

in  all  probfd)Hity,  what  we  have  just  det-cribed  is  tbe  mechanism  of  the  passage  of  the 
ova  into  the  Fallopian  tubes;  an<l  it  is  possible  that  the  fimbriated  extremity  may  be 
drawn  toward  the  ovarian  suiface,  though  we  ran  hardly  understaod  how  it  can  be  closely 
applied  to  the  ovary  and  exert  any  cormlderable  pressure  upon  the  distended  follicle.  It 
Is  proper  to  note,  also,  tlmt  the  conditions  dependent  upon  the  currents  of  liquid  directed 
by  the  movements  of  cilia  are  constant  and  cotild  infiuence  the  passage  of  an  ovnra  at 
whatever  time  it  might  be  discharged,  wlnle  a  muscular  action  would  be  more  or  less 
intermittent. 

It  is  setmevvhat  difficult  to  understand  the  exact  mechanism  of  the  passage  of  an  ovum 
discharged  from  an  ovary  into  tlie  Fallopian  tube  upon  the  opposite  side,  altboagh  it  cannot 
be  doubted  that  this  sometimes  occurs.  Schroeder  has  collected,  from  various  authors,  the 
reporta  of  several  cases,  in  which  an  ovum  has  been  discharged,  has  tbund  its  way  into 
the  uterus,  and  has  undergone  development,  one  tnbe  being  closed  and  the  corpus  luteum 
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existing  upon  the  side  on  which  the  tube  was  impervious.  In  some  instances  in  which 
the  corpus  luteum  has  been  found  on  the  side  on  which  the  tube  was  closed,  tubal  preg- 
nancy has  occurred  upon  the  opposite  side.  In  these  cases,  the  ovum  must  have  passed 
across  the  uterus.  It  is  possible  that,  the  subject  lying  upon  one  side,  a  current  of  liquid 
may  have  taken  a  direction  from  the  ovary  to  the  opposite  tube,  but  this  can  be  only  a 
matter  of  coi^ecture. 

Puberty  and  Menstruation, 

At  a  certain  period  of  life,  usually  between  the  age  of  thirteen  and  of  fifteen  years, 
the  human  female  undergoes  a  remarkable  change  and  arrives  at  what  is  termed  the  age 
of  puberty.  At  this  time,  tliere  is  a  marked  increase  in  the  general  development  of  the 
body ;  the  limbs  become  fuller  and  more  rounded ;  a  growth  of  hair  makes  its  appearance 
upon  the  mons  veneris ;  the  mammary  glands  increase  in  size  and  take  on  a  new  stage  of 
development ;  Graafian  follicles  enlarge,  and  one  or  more  approach  the  condition  favor- 
able to  rupture  and  the  discharge  of  ova.  At  this  time,  also,  certain  changes  are  observed 
in  the  moral  as  well  as  in  the  physical  attributes  of  the  female.  There  is  then  a  sort  of 
indefinite  consciousness  of  a  capacity  for  new  functions,  with  an  indescribable  change  in 
feeling  for  the  opposite  sex,  due  to  the  first  development  of  sexual  instincta.  The  female 
becomes  capable  of  impregnation,  and  continues  so,  in  the  absence  of  pathological  condi- 
tions, until  the  cessation  of  the  menses. 

It  is  a  commonly-recognized  fact  that  the  age  of  puberty  is  earlier  in  warm  than  in 
cold  climates;  and  numerous  instances  are  on  record,  in  which  the  menses  have  appeared 
exceptionally,  much  before  the  usual  period.  Generally,  at  the  age  of  forty  or  forty-five, 
the  menstrual  flow  becomes  irregular,  occasionally  losing  its  sanguineous  character,  and 
it  usually  ceases  at  about  the  age  of  fifty  years.  Sometimes  it  is  said  that  the  menses 
return,  with  a  second  period  of  fecundity,  though  this  is  rare.  According  to  most  writers, 
while  climate  has  a  certain  influence  over  the  time  of  cessation  as  well  as  the  first  appear- 
ance of  the  menses,  this  is  not  very  marked.  When  the  menses  appear  early  in  life,  tbey 
usually  cease  at  a  correspondinjrly  early  period  ;  but  this  is  by  no  means  constant.  There 
are,  also,  numerous  exceptions  to  the  ordinary  liniits  to  the  period  of  fecundity.  Haller 
ob3erve<l  a  case  of  a  yoimj^  ijirl,  nine  years  of  ag:e,  who  had  menstruated  for  several  years, 
and  otliers,  wlio  had  become  pre^rnant  at  nine,  ten,  and  twelve  years,  lie  also  quotes 
cases  of  women  who  have  been  fruitful  at  from  fifty-four  to  seventy  years  of  age.  Other 
instances  of  this  kind  are  on  record,  which  it  is  unnecessary  to  quote.  The  occurrence 
of  prcgnaney  after  the  ago  of  fifty  or  fifty-five  is  certainly  doubtful. 

3IenstruatioH, 

It  is  unnecessary  to  discuss  farther  the  correspondence  between  menstruation  in  the 
human  female  and  the  condition  of  heat  in  the  lower  animals,  as  we  have  already  seen, 
under  the  head  of  ovulation,  that  these  two  conditions  are  essentially  identical.  In  the 
lower  animals,  the  female  will  admit  the  male  only  at  the  period  of  heat;  and,  in  some 
animals  in  the  savajre  state,  it  is  only  at  this  time  that  the  male  is  capable  of  copulation. 
The  variations  in  sexual  temperament  in  tiie  human  female  are  so  considerable,  and  the 
sentiments  toward  the  opposite  sex  are  so  subordinate  to  artificial  conditions  of  society 
and  civilization,  that  it  is  diflicnlt  to  establish  a  parallel,  in  this  regard,  between  her  and 
the  lower  animals.  Some  females  rarely  or  never  ex])erience  sexual  excitement  and  have 
no  orgasm  durinj^  intercourse;  while  others  seem  to  he  capable  of  sexual  ardor  at  any  time. 
Womiu  who  are  in  the  habit  of  promiscuous  relations  with  the  other  sex  frequently  \q^ 
the  sexual  feeliuf^  and  simulate  excitement  during  coitus.  It  is  very  diflRcult,  indeed,  to 
say  positively  how  far  the  facts  observed  in  the  lower  animals  are  applicable  to  the  human 
subject,  as  we  must  depend  largely  upon  statements  which,  of  themselves,  are  entitled  to 
but  little  consideration.     It  is  nevertheless  true  that,  in  some  women,  sexual  desire  is 
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decidedly  marked  jast  after  the  cessation  of  the  menses,  and  in  many,  it  really  exists  at 
no  other  time.  Still,  mercenary  or  other  considerations  may  induce  women  to  admit 
intercourse  at  any  time,  and  the  sexual  orgasm,  and  even  fecundation,  may  at  any  time 
occur.  As  a  rule,  the  female  yields  to  advances  made  hy  the  male  and  is  reputed  to 
experience  a  less  degree  of  sexual  desire  and  ardor,  although  this  has  marked  exceptions. 
It  is  probably  true  that,  eliminating,  as  far  as  we  can,  all  considerations  except  those 
of  a  purely  sexual  character,  there  is  less  of  a  promiscuous  feeling  for  the  opposite  sex  in 
females  than  in  males,  and  that  sexual  desire,  aside  from  feelings  of  fatigue  or  satiety,  is 
sometimes  markedly  periodical  in  women.  If  we  may  take  certain  individual  cases  as 
representing  physiological  conditions,  it  appears  that,  in  some  women,  there  is  a  period 
of  comparative  indifference  to  the  opposite  sex;  as  the  menses  approach,  there  is  more 
or  less  irritability  of  temper  and  disinclination  for  society,  which  disappear  as  the  flow,  is 
established ;  and,  at  or  following  the  cessation  of  the  menses,  sexual  desire  is  manifested 
to  an  unusual  degree,  this  continuing  for  only  a  few  days. 

Although  there  is  a  periodical  condition  of  heat  in  the  lower  animals,  connected  with 
ovulation,  a  sanguineous  discharge  from  the  genital  organs  is  not  often  observed.  It  is 
only  in  monkeys  that  we  have  a  counterpart  of  what  occurs  in  the  human  female;  and 
observations  upon  these  animals  have  shown  that  they  are  subject  to  a  monthly  discharge 
of  blood,  at  this  time  giving  evidence  of  unusual  salacity. 

In  the  human  female,  near  the  time  of  puberty,  there  is  sometimes  a  periodical  sero- 
roucous  discharge  from  the  genital  organs,  preceding,  for  a  few  months,  the  regular  estab- 
lishment of  the  menstrual  flow.  Sometimes,  also,  after  the  first  discharge  of  blood,  the 
female  passes  several  months  without  another  period,  when  the  second  flow  takes  place, 
and  the  menses  then  become  regular.  In  a  conditiou  of  health,  the  periods  recur  every 
month,  until  they  cease,  at  what  is  termed  tlio  change  of  life.  In  the  minority  of  cases, 
the  flow  recurs  on  the  twenty-seventh  or  the  twenty-eighth  day;  but  sometimes  the 
interval  is  thirty  days.  As  a  rule,  also,  utero-gestation,  lactation,  and  most  severe  dis- 
eases, acute  and  chronic,  suspend  the  periods ;  but  this  has  exceptions,  as  some  females 
menstruate  regularly  during  pregnancy,  and  it  is  not  very  uncommon  for  the  menses  to 
appear  during  lactation. 

As  we  should  naturally  expect,  from  the  connection  between  menstruation  and  ovu- 
lation, removal  of  the  ovaries,  especially  when  this  occurs  before  the  ago  of  puberty,  is 
usually  followed  by  arrest  of  the  menses.  It  is  a  well-known  fact  that  animals  do  not 
present  the  phenomena  of  heat  after  extirpation  of  the  ovaries.  Raciborski  has  quoted 
cases  of  this  operation  in  the  human  subject,  in  which  the  menses  were  arrested ;  but 
this  rule  does  not  appear  to  bo  absolute,  as  Dr.  II.  R.  Storer  reports  at  least  one  case,  in 
which  menstruation  continued  with  regularity  for  more  than  a  year  after  removal  of  both 
ovaries.  Dr.  T.  G.  Thomas,  of  New  York,  in  three  cases  of  removal  of  both  ovaries 
from  menstruating  women,  which  he  followed  for  from  five  and  a  half  months  to  two 
years  and  eleven  months  after  the  operation,  noted  no  return  of  menstruation.  In  one 
case,  nearly  six  months  after  the  operation,  the  patient  had  "  a  bloody  discharge  from 
the  vagina  and  all  the  symptoms  accompanying  the  menstrual  function."  When  a  cow 
brings  forth  twins,  one  a  male  and  the  other  apparently  a  female,  the  latter  is  called  a 
free-martin  and  generally  has  no  ovaries.  Hunter,  in  his  paper  on  the  free-martin, 
gives  a  full  description  of  this  anomalous  animal  and  states  that  it  does  not  breed  or 
show  any  inclination  for  the  bull.  In  1868,  we  had  an  opportunity  of  examining  the 
generative  organs  of  a  free-martin  raised  and  killed  by  Prof.  James  R.  Wood.  In 
this  animal,  the  uterus  was  rudimentary  and  there  were  no  ovaries. 

A  menstrual  period  usually  presents  three  stages :  first,  invasion  ;  second,  a  sanguine- 
ous discharge ;  third,  cessation. 

The  stage  of  invasion  is  variable  in  different  females.  There  is  usually,  anterior  to 
the  establishment  of  the  flow,  more  or  less  of  a  feeling  of  general  malnUe^  a  sense  of  ful- 
ness and  weight  in  the  pelvic  organs,  accompanied  with  a  greater  or  less  increase  in  the 
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qunntity  of  Taginal  ihucwSt  which  becomes  brownish  or  roaty  in  color.  It  is  probable 
Uiat,  at  this  time,  the  dii^hargc  has  a  peculmr  odor^  though  this  poiDt  is  somewhat  diffi- 
Cttlt  to  determine.  I»  the  lower  animalif,  at  least,  there  is  c*»rt4iiiijj  a  chiiiiictunsltir  odor 
during  the  rutting  period,  which  attracl^  tlie  male.  At  this  time,  olaOi  the  brva^tn  b^ 
oome  slightly  enlarged  in  the  liuman  female,  showing  the  connection  between  these 
organs  jind  the  organs  of  generation.  This  stage  may  conrinoe  for  one  or  two  duyl>^ 
although,  in  many  instances,  the  first  evidence  of  the  access  of  a  period  ia  a  discharg© 
of  blood. 

When  tfie  general  symptoms  above  indicated  occur,  the  sense  of  nneasincs?  i*  n'^nally 
relieved  by  tbe  discharge  of  blood.  During  tliia,  tlie  second  stage^  blood  tlows  from  the 
vagina  in  variable  quantity,  and  tho  discharge  continues  for  from  three  to  five  daya. 
With  regard  to  the  duration  of  the  llow,  there  arc  great  vaiiationa  in  different  individa- 
als.  Some  women  present  a  flow  of  blood  for  only  one  or  two  days;  while,  in  other*, 
the  flow  continues  for  from  five  to  eight  days,  witiiin  the  limits  of  health*  A  fair  aver* 
age,  perhaps,  is  four  days.^  It  U  also  ditlieiilt  to  arrive  at  an  approximation,  eren^  of  the 
total  quantity  of  the  menstrual  flow.  Burdach  estimated  it  at  from  Ave  to  feix  ouucea. 
According  to  Longet,  this  estitiiate  is  ratiier  low,  the  quantity  ordinarily  ranging  froro 
ten  to  twelve  ounces,  occasionally  amounting  to  seventeen  ounces,  or  even  more.  It  \$ 
well  known  tliat  the  quantity  is  exceedingly  variable,  m  ia  the  duration  of  the  flow, 
and  the  difliculties  in  the  way  of  collecting  and  estimatirjg  the  total  discharge  ar« 
evident. 

The  characters  of  the  menstrual  flow  are  snfficiontly  simple.  Supposing  the  discharge 
to  continue  for  four  days,  on  the  first  day,  the  quantity  is  comparatively  «mall ;  on  the 
second  and  tldrd,  the  fluw  is  at  its  height ;  and  the  quantity  is  diminished  on  the  fourth 
day.  During  this,  the  second  ntage,  the  fluid  has  the  appearance  of  [lure  arterial  blood, 
not  coagulated,  and  mixed,  as  ha^  been  &bown  by  microscopical  examination,  with  pare- 
ment-epitbelium  from  tho  vagina,  cylindrical  cells  from  the  uterua,  leucocyteei,  and  i 
certain  amount  of  sero-mncous  secretion.  Chemical  examination  of  the  fluid  docs  not 
show  any  marked  peculiarities,  except  that  the  quantity  of  flbrin  is  either  not  estimated 
or  is  given  ns  much  less  than  in  oidinary  blood. 

The  raechanisra  of  the  li®mnrr!iage^  which  will  bo  considered  more  fnlly  when  we 
come  to  study  the  changes  in  the  uterine  mucous  membrane  during  menstruation, 
is  prubiibly  the  same  as  in  epi^taxis.  Tliere  is  a  rapture  of  small  blood-vessels,  prob- 
ably capillaries,  and  blood  la  tiius  exuded  from  the  entire  surface  of  the  membrane 
lining  the  uterus,  and  sometimes  from  the  membrane  of  the  Fallo[uan  tubes*  Thi> 
blood  i^  then  discharged  into  the  vagina  and  is  kept  fluid  by  the  vaginal  mneiu. 
The  mnous  of  the  body  of  the  uterus  is  viscid  and  alkaline ;  the  mucus  secreted  at 
tbe  neck  is  gelatinous,  viscid,  tenacious,  and  also  alkaline;  the  vaginal  mncD*^  i»  decid- 
edly acid,  creamy,  and  not  viscid,  containing  nomeroua  cells  of  scaly  epithelium^  and 
leucocytes, 

Tlie  third  stage,  that  of  cessation  of  the  menses,  is  very  simple.  During  the  hrtler 
part  of  tlie  second  stage,  the  flow  of  blood  gradually  diminishes ;  the  diachitrge  beeiMBCf 
rusty,  tlien  lighter  in  color ;  and,  in  the  course  of  about  twenty-fonr  haurs,  It  aasoillii 
tho  characters  observed  in  the  intermenstrual  penwh 

When  the  menstrual  flow  has  beromo  fully  estabUshed,  there  is  no  very  marked  gfli- 
oral  disturbance,  except  a  sense  of  lassitude,  which  miiy  become  exag^'erated  if  tin*  dii« 
charge  be  unusually  abundant.  It  has  been  noted,  however,  by  Itnbuteau,  that*  dTiriftf 
the  menstrual  period,  the  production  of  urea  is  dtmiuti^hed  more  than  twenty  per  ceuL, 
that  the  puW  becomes  slower,  and  that  the  temperature  falls  at  least  one  degree  {hs^ 
A  degree,  centigrade), 

>  Bim1iM«h  niakes  the  IhlJowInf  AtAtement  wUh  rccard  to  c«rtalln  roDilltloni  capable  of  mo6\fy^  Um  I 
flow:  '*Tbe  flow  U  more  shtiit^atit  in  the  iDdoleot  thoD  In  womeD  Mc^aAtotned  to  labor;  tn  tllMi*  oCftcMiMi 
•tttayoo  tluu  In  tbosa  wtio  tn^y  roboit  bottltb ;  In  Uahiibltaou  of  citlfli  Uuui  ia  lohibilaDtB  of  tUlafM.* 
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Ohim^  in  tke  XTUrim  Mnmm  Mamhrafie  during  Men$trwition>, — If  the  mucoaB  mem- 
brane of  iliQ  uterus  be  exuinmed  diiriiifj:  the  menstrual  (tow^  it  is  taimd  siueared  with 
bloodf  which  aoniotitueii  exteuds  into  the  Fallopian  tiibe^  It  \s  then  tnuch  thicker  and 
softer  than  darinj^  the  intermeastrual  period.  Intitead  of  ineuBaring  about  -,^4^  of  an  inch 
in  thickness^  ns  it  does  undur  ordinary  conditions^  its  thicknesa  is  from  |  to  ^  of  fin  inch. 
It  become*  more  loosely  attached  to  the  Bubjueent  parU,  is  somewhat  ru^ams,  and  th© 
gbndd  are  very  much  enlarged.  At  the  same  time,  tbere  are  developed,  in  the  substanc^j 
of  tlie  nKMiibrane,  uunierotis  sphericd  and  fus^iform  cells.  According  to  the  recent  and 
very  strikinjr  researches  of  Kundrat  and  Jlti^elinrtDn,  thLs  condition  probably  precedes  thd 
dischnrgti  of  blood  by  several  days^  durin«;  wliicb  time,  the  membrane  i»  i^rndually  pre- 
paring for  the  reception  of  the  ovum.  One  of  the  most  important  points  in  these  re- 
soarches  Is  that  there  is  a  fatty  degreneration  of  tbe  ditferent  elements  enterinj?  into  the 
Mtructuro  of  tlie  mucous  menibranu,  incltiditi«L^  tbe  blood-vessek,  thi.^  change  bein^  most 
marked  at  t!io  surface;  and  it  is  on  account  of  the  weakened  condition  of  the  vascular 
wttlis  that  the  hfcmorrliago  takes  place.  A  short  time  after  the  tlow  bas  ceased,  the 
mucou<i  membrane  returns  to  its  ordinary  condition. 

We  bave  already  noted  that  there  is  a  considerable  desquamation  of  epithelium  from 
the  uterus  with  tlie  tlow  of  blood,  during  the  menstrual  period.  Sometimes,  in  normal 
menstruation,  the  epithelium  is  in  the  form  of  patches ;  and,  in  certain  eases  of  dysmen- 
orrhea, there  is  a  membranous  exff citation,  which  has  led  to  the  idea  that  tbe  ruucons 
membrane  is  actually  thrown  off.  In  normal  menstruation,  tbere  is  no  true  exfoliation 
of  the  membrane*  and,  even  in  what  h  called  membranous  dysmenorrhea,  tbe  go-called 
membrane  is  usually  nothing?  more  than  a  mem  bran  Iform 
exudation,  secreted  by  the  tnucouss  siiifaco. 
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Changa  in  the  Ora/r^fian  FoIUclia  qfter  their  Enpture 
(Corpui  Lutetim).  —  After  tbe  discbarge  of  an  ovum,  its 
Graafian  follicle  under^o(is  certain  retrop-ade  cbanges.  in- 
volving the  formation  of  what  ii*  called  the  corpus  luteum. 
Even  when  tlie  discharged  ovum  has  not  been  fecundated, 
the  corpus  luteum  persists  for  several  wrecks,  so  tbat^  ovu- 
lation occurring  every  month,  several  of  these  bodies,  in 
various  stages  of  retrogression,  may  sometimes  be  seen  in  the 
ovaries. 

For  a  certain  time  anterior  to  the  discharjie  of  the  ovum, 
there  is  a  cell-^rowtli  from  the  y»ropcr  coat  of  the  Graafian  fol- 
licle, and  prohably  trom  the  moTubnina  ijranuloaa,  with  a  pro- 
jection of  bjoped  blood-vessels  into  the  interior  of  the  follicle, 
which  h  the  first  formation  of  the  corpus  hiteurn.  At  the 
time  of  rujiture  of  t lie  lollicle,  the  ovum,  with  a  great  part 
of  the  membrana  granulosa,  is  discharged.  Sometimes,  at  the 
lime  of  rupture  of  the  follicle,  there  is  a  discharge  of  blood 
into  its  interior;  but  this  is  not  constant,  though  we  usually 
have  a  gelatinous  exudation,  more  or  leas  colored  with  blood. 
At  the  same  time,  the  follicular  wall  undergoes  liypertrophy, 
and  it  becomes  convoluted,  or  folded,  iind  highly  vascular. 
This  convoluted  wall,  formed  by  the  proper  coat  of  the  fol- 
licle, is  surrounded  by  the  fibrous  ttinlc,  and  its  thickening  is  most  marked  at  the  deep- 
ait  portion  of  the  follicle.  At  the  end  of  ah<»ut  three  week^  the  bo<ly— which  is  now 
CllUod  the  corpus  luteum,  on  account  of  its  yellowish  or  reddish-yellow  color — has  arrived 
at  tbe  height  of  its  development  and  measures  about  half  an  inch  in  deptli  by  about 
Uiree-quartc^rs  of  an  inch  in  length,  its  form  being  ovt^id.  The  convoluted  ivall  then 
contiiins  a  layer  of  large,  pale,  finely  granular  cells,  which  are  internal  and  are  aup- 


Fto.  ^fH.—Strtfrm*  of  two  toP" 

^Kulliker.) 
1,  corpUB  luti-utn  f^lgbt  *f a)rt  alUr 

of  tlio  av»n- :  h,  ^rroina  <»f  lh« 
ovair;  c,  c«iivn|titp<i  wall  of 
Gnwflan   foliidc;   lA  clot  of 

d,  iHirpiis  liiti^ntii  fit  tbe  fURh 
rnniith  nt  piv^ftnry,  6,  atrw- 
mo  of  Mh"  ovorv;  <r»  convo- 
luted ^ttll  of  tlu'  finuiftiiii  fol- 

rihrnui  uaveloiH)  t>f  Uiu  cor^UA 
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posed  to  be  the  roraains  of  the  epHlielinm  of  the  follicle.  The  greiit  miiss  of  thit  will, 
however,  is  oumpost^d  of  hirge  nacleated  cells,  containing  fatty  globules  and  granulet 
of  reddish  or  yellowish  pigmentary  matten  The  thickness  of  the  wall  is  about  one- 
eighth  uf  an  inch,  at  \U  deepest  portion- 
After  about  the  third  week,  the  corpus  luteum  he^ns  to  retract;  its  eentnil  portion 
and  t!ie  convoluted  wall  become  paler,  and,  at  the  end  of  ueven  or  ei|*ht  weeks,  a  small 
cicatrix  marks  the  point  of  rupture  of  the  follicle. 

The  above  are  the  chanj^es  which  o<.'ctir  in  the  Graafian  follicles  after  their  rupture 
and  the  diacharg**  of  ova,  wlieu  the  ova  have  not  been  fecundated  ;  and  thi^  biKlies  tijus 
produced  are  calk-d  false  corpora  lutea,  us  distinguished  from  coqjora  lutca  found  after 
conception,  winch  are  called  true  corpora  lutea, 

Corptu  LfiUum  *\f  Pregnantly, — Before  the  process  of  spontaneous  o\*ulation  and  it« 
connection  with  menstruation  were  understood,  anatomists  were  unable  to  make  a  defi' 
nite  distinction  between  the  cor[)us  luteutn  following  the  discharge  of  on  ovum  without 
fectmdation^  called  the  corpus  luteum  of  menHtrnation,  and  tho  corpus  luteum  of  pref^ 
nancy.  Coste  exactly  described  the  various  poiutj*  of  distinction  between  them ;  and 
his  account  of  the  ditTerenccs  in  the  d*>vcli»[niient  of  these  bodies,  dependent  upon  llio 
non-fee utithttion  or  the  fecundation  of  the  ovum,  m  still  regarded  as  entirely  occurate  anil 
answers  tlie  requirements  of  science  at  the  present  day,  even  in  its  medico- legal  a;spect^, 
as  well  us  in  1849,  when  his  obsorTations  were  published. 

When  a  discharged  ovum  has  been  fecundated,  the  corpus  luteum  passes  through  \U 
variouH  stages  of  developtuent  and  retrogression  much  more  slowly  than  the  orrjinarj 
corpus  luteum  of  menstruation.  It  i;^  then  called,  to  distinguish  it  from  the  latter,  the 
true  corpus  luteum.  Wc  cannot  do  better  than  to  quote,  in  the  words  of  Coste,  th« 
description  of  the  changes  which  this  body  uudcrproes  in  pregnancy ; 

**  I  have  followed,  with  the  greatest  care,  in  the  pregnant  female,  all  the  phases  of 
this  retrotrression.  This  commences  to  be  really  appreciable  toward  the  end  of  the  third 
month.  Darin;:  the  fourth  month,  the  corpus  luteum  diminishes  by  nearly  a  third,  ood 
toward  the  end  of  the  fifth,  it  is  ordinarily  reduced  one-half.  It  stiU  forms,  however, 
during  the  first  days  after  parturition,  and  in  the  greatest  number  of  cases^  a  tubercle 
which  has  a  diameter  of  not  less  tlian  from  f  to  \  of  an  inch,  Tlie  tubercle  afterward 
diminishes  quite  rapidly  ;  but  it  is  nearly  a  month  before  it  is  reduced  to  tb<>  condition 
of  a  little,  hardened  nucleus,  w  hich  persists  luore  or  less  as  the  last  vestige  of  a  procas 
80  slow  in  arriving  at  its  tinal  term.  Nevertlieless,  there  is  nothing  absolute  in  the  retro- 
grade progress  of  this  phenomenon.  I  liave  seen  women,  dead  at  the  sixth  and  even  tb« 
eighth  month  of  pregnancy,  present  corpora  lutea  as  voluminous  as  others  at  the  foortli 
month. 

*^  Although,  in  general  it  is  only  after  parturition  that  the  corpora  lutea  disappear, 
it  is  nevertbeloRs  not  without  examples  that  they  disappear  much  more  promptly.  1 
have  had  the  opportunity  of  examining  the  body  of  a  woman,  dea*l  in  the  conr*e  of  thn 
eighth  mouth  of  pregnancy,  in  whom  tlie  absorption  was  already  cotnplete.  Faeti 
of  tbis  kind  are  doubtless  very  rare,  as  only  one  has  occurred  in  my  oii^ervatian*, 
notwithstanding  the  numerous  researches  to  which  I  have  devoted  myself  for  ft  loof 
time,  .  .  , 

"  There  exists  a  notable  difference  between  the  corpora  lutea  which  are  funned  il 
the  sequence  of  conception,  and  those  which  occur  aside  from  the  conditions  developtl 
by  impregnation,  The  duration  of  the  former  is  much  longer  than  that  of  the  tatter, 
and  the  volume  hecoinef!,  also,  much  more  considerable,  although  their  nature  ift,  in  truth, 
identical.  I  have  too  often  had  occasion  to  remark  this,  in  the  ovaries  of  suicides^  m 
retain  tbe  slightest  doubt  in  this  regard.'' 

The  follow^ing  table,  quoted  from  Coste,  shows  t!io  different  stage*  of  the  cor|i«s 
luteum  of  pregnancy.  It  will  be  remembered  that  the  corpus  luteum  of  menstjrnjition  is 
at  Its  maxim uni  of  development  at  the  end  of  about  three  weeks,  when  it  measures  half 
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an  inch  in  depth  by  three-quarters  of  an  inch  in  length,  that  it  then  begins  to  retract, 
and  becomes  a  small  cicatrix  at  the  end  of  seven  or  eight  weeks. ^ 

Dimensions  of  the  Corpus  Luteum  at  different  Stages. 


25  to  30  days 

About  40  days , 

2  months 

3  months 

In  the  4th  month. 

Idem 

Idem 

In  the  5th  month. 

5  months 

In  the  6th  month. 

7  months 

In  the  9th  month. 


r20  hours  after. 
3  days  after . . . 

Idem 

7  days  after. . . 


Corpora  lutea. 


Long  diameter,     l     Short  diarnvter. 


J  inch. 

1  " 

1  " 

1  ** 

i  - 

1  (t 

J  '• 

k  " 

J  " 


i  inch. 

*  " 
it  " 

J  u 

»  " 

*  " 

*  " 
i  " 
i  " 

X  »* 

*  " 


A" 

i    " 
i    " 


Obseryations. 


It  is  rare  that  a  corpus  lu- 
teum a.ssumes  a  spherical  form, 
and  that,  whatever  be  the  sec- 
tion, its  diameters  are  equal,  or 
nearly  so.  It  generally  under- 
goes, in  its  development,  a  sort 
of  compression  in  the  same 
way  as  does  the  ovary.  Here, 
only  the  long  and  the  short 
diameters,  taken  from  a  section 
of  the  copora  lutea,  iiavc  been 
measured,  the  ovary  being  di- 
vided longitudinally,  and,  as 
it  is,  generally  figured  in  the 
plates  of  the  atlas. 

(■  Double  gestation. 
[  Double  gestation. 


Male  Organs  and  Elements  of  Generation. 

There  is  not  the  same  physiological  interest  attached  to  the  anatomical  study  of  the 
male  genitalia,  particularly  the  external  organs,  as  there  is  to  the  corresponding  parts 
in  the  female,  for  the  reason  that  the  fimction  of  the  spermatozoids  is  accomplished 
within  the  female  organs,  where  they  unite  with  the  ovum  and  where  the  processes  of 
development  take  place.  The  anatomy  of  the  penis  and  urethra  has  a  more  exclusively 
surgical  interest.  As  physiologists,  we  have  to  study  the  testicles  (organs  which  cor- 
respond to  the  ovaries,  and  in  which  the  male  generative  element  is  developed),  the 
yarions  glandular  structures  which  secrete  fluids  forming  a  part  of  the  ejaculated  semen, 
the  mechanism  of  erection,  by  which  penetration  of  the  male  organ  into  the  vagina  is 
rendered  possible,  the  composition  of  the  seminal  fluid  and  the  mechnnism  of  its  ejac- 
ulation, and  the  course  of  the  semen  in  the  generative  passages  of  the  female  until  it  is 
bronght  in  contact  with  and  fecundates  the  ovum.  As  regards  the  penis,  it  will  be  suffi- 
cient to  describe,  as  we  shall  under  the  head  of  coitus,  the  mechanism  of  erection  and 
of  the  ejaculation  of  semen.  It  will  bo  necessary,  however,  to  study  the  structure  of 
the  testicles  and  of  the  various  glandular  organs  connected  with  the  urethra,  in  order 
to  understand  the  development  of  the  spermatozoids  and  the  composition  of  the  seminal 
fluid. 


The  Testiehs, — The  testicles  are  two  symmetrical  organs,  situated,  during  a  certain 
portion  of  intra-uterine  life,  in  the  abdominal  cavity,  but  finally  descending  into  the 
scrotum.     Within  the  scrotum,  which  is  a  pouch-like  process  of  integument,  are  the 

1  In  1851,  Dr.  J.  C.  Dalton  pnblished  an  esaay  on  the  "  Corpus  Lateam  of  Menstmatfon  and  Pregnancy,*^  In  which 
he  pointed  ont  rwy  aoeorately  the  different  points  of  distincUon  between  what  had  t>een  known  as  the  folse  and  the 
tme  corpora  Intea.  These  observations  It  is  unnecessary  to  quote  in  detail,  as  the  results  wore  almost  identical  with 
those  obtained  by  Coate ;  but  they  are  peculiarly  interostinfr,  not  only  from  the  accuracy  of  the  descriptions,  but  as 
they  were  made  independently,  and  without  any  knowledge  of  the  publication  by  Coste  two  years  before. 
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two  testiclcB,  with  their  coverings,  vessels^  nerves,  etc.  The  skin  of  the  scrotum  enclofles 
both  testicles,  but  is  marked  by  a  median  raphe.  Iiiiitjediiitely  buueath  the  siln,  i»i 
loose,  reddlsli,  contractile  tissuei  cidled  the  dartos,  which  iornis  two  distiuct  saca»  oo« 
enveloping  each  testicle,  the  inner  portion  of  these  saes  fusing  in  the  median  line,  to  form 
the  septum.  Within  theiiiie  two  sac:^^  the  coverings  of  each  testicle  are  distinct.  These 
organs  are,  as  it  were,  suspended  in  the  scrotum  by  the  spermatic  cords,  the  left  usuall/  ] 
hanging  a  little  lower  than  the  riglit.  The  coverings  for  each  testicle,  in  addition  ta| 
thosu  just  rutntioned,  are  the  iiitercolumnar  fascia,  the  cremaster  muscle,  the  inluadi- 
buliform  tViscia,  the  tunica  vaginalis,  and  the  proper  tibriuis  coat. 

Tlie  tunica  vaginalis  is  a  shut  sac  of  serous  membrane,  covering  the  testicle  and  (?pi- 
didymis,  and  reflected  from  the  pt^sterior  burder  of  the  testicle  to  the  wsdl  of  the  derutuiu,  | 
lining  the  cavity  occupied  by  the  tcsLiele  on  either  side,  and  also  extending  over  tlw  I 
ipermatic  cord.    This  tunic  is  really  a  process  of  peritoneum,  which  has  become  shut  of  1 
from  the  general  liuing  of  the  alidominal  cavity.     The  spermatic  cord  is  composed  of 
the  vas  dtlVrens,  blood-vessel!*^  lymphatics,  and  nerves,  with  the  various  coverings  alreailj 
described,  which  expand  and  surround  tlie  testicle. 

Beneath  the  tunica  vaginalis,  are  the  testicles,  with  their  proper  fibrona  coat.  The« 
organs  are  ovuid,  and  flattened  lateral ly  and  posteriorly.  ''They  are  from  an  inch  and 
a  half  to  two  inches  long,  about  an  inch  and  a  quarter  from  the  anterior  to  the  po»teriur 
border,  and  nearly  an  luch  from  side  to  side.  The  weight  of  each  vai^ies  from  lUtm- 
qnarters  of  iiii  ounce  to  an  ounce,  and  the  left  is  olten  a  little  the  larger  of  the  two."  ) 
(Quain.)  The  proper  librous  coat  is  everywhere  covered  by  the  closely  adherent  titnici  I 
vaginalis,  except  at  the  posterior  border,  where  the  vessels  enter  and  the  duct  patfft 
out  At  the  outer  edge  of  this  bi*rder,  is  the  epididymis,  formed  of  convoluted  tubesy  pnj- 
senting  a  superior  enlargement,  called  the  globus  major,  a  long  mass  running  the  length 
of  the  testicle,  called  the  body,  and  a  smaller  enlargement  inferiorly,  called  iht?  globni 
minar.  This,  too,  is  covered  with  the  tunica  vaginalis.  Between  the  membritij©  cover 
ing  the  testicle  and  epididymis  and  the  layer  lining  the  scrotal  cavity,  is  a  small  qtiM- 
tity  of  serum,  just  enough  to  moisten  the  serous  surfaccg.  At  the  superior  purtiuD 
of  the  testicle,  we  usually  find  one  or  more  small,  ovoid  bodies,  each  attached  to  the 
testicle  by  short,  constricted  yirocesses,  which  are  called  the  hydatids  of  Morgngirl. 
These  have  no  physiological  importance  and  are  supposed  to  be  tlio  remains  of  foita] 
structures. 

The  proper  fibrous  coat  of  the  testicle  is  called  tlie  tunica  olbuginea.     It  is  white, 
denjte,  inelastic,  measures  about  5^5^  of  an  inch  in  thickness,  and  is  simply  for  the  pn>lec- 
tion  of  the  contained  structures.     Sections  of  the  testicle,  made  in  various  dir^ciioa^ 
show  an  iiacomplete  verticd  process  of  the  tunica  albuginea,  called  the  corpus  ilighme- 
rianum,  or  the  mediastinum  testis.     This  is  wedge-shaped,  about  |  of  an  inch  wido  st  | 
its  superior  and  thickest  portion,  is  pierced  by  numerous  openings,  ari<l  lodges  blood- 
vessels and  seminiferous  tubes.     From  the  mediastinum,  numerous  delicAto.  rwdlntiiif 
processes  ftf  connective  tissue  pass  to  the  inner  surface  of  the  tunica 
the  substance  nf  the  testicle  into  imperfect  lobules,  which  lodge  the  - 
The  number  of  these  lobules  has  been  estimated  at  from  one  hundred  and  liiiy  to  two  \ 
hundred.     Their  shape  is  pyramidal,  the  larger  evtreniities  presenting  towf'>*d  tlt^  »t 
face,  and  the  pointed  extremities  situated  at  the  mediastinum. 

Lining  tlie  tunica  albnginea  and  following  the  mediastinum  nnd  the  pnM.s.riH  \w>imj 
penetrate  the  testicle,  is  a  tunic,  composed  of  blood-vessels  nnd  delicate  connective  tinsuc,  | 
called  the  timica  vasculosa,  or  pia  muter  testis. 

Lodged  in  the  cavities  formed  by  the  tntbecalnj  of  connective  tiaene,  are  the  wmi- 
niferous  tubcn,  in  which  the  mtde  element'^  of  gcncratij^n  arc  develope<l.     Tbtji^e  tnbc# 
exist  to  the  number  of  about  eight  hundred  and  forty  in  each  testicle  and  oon^titnUi 
almost  the  entire  substance  of  the  lobules.    The  larger  lob tdes  contain  five  or  six  tabes^j 
the  lobnJes  of  medium  size,  three  or  four,  and  the  smallest  frequently  enclose  bat  a  siBglt^ 


liktE 


ORGAXS  A5D  ELEMENTS  OF  GENERATION, 


881 


lube.  Each  tube  presents  a  convoluted  mass,  whicb  can  freqnentl,?  be  disentangled  nnder 
water,  particularly  if  the  testicle  be  macerated  for  aeveral  months  in  water  with  a  Uttle 
nitric  acid.  The  entire  length  of  the  tube,  when  thus  unravelled,  m  about  thirty  inches, 
and  its  diameter  is  from  y^  to  -^  of  an  inch.  It  be^ns  by  from  two  to  seven  short, 
blind  extremities  and  soniijtinies  by  anastomosing  loops.  The  cfecal  diverticula  arc  found 
usually  in  the  external  half  of  the  tube^  and  their  length  is  from  ^\  to  J  of  an  inch.  The 
anastomoiies  are  fKiruetimea  between  the  tubea  of  dil!erent  lobules,  sometimes  between 
tubet  in  the  fiame  lobule^  and  sometimes  between  different  points  in  the  same  tabe.  As 
the  tubes  pass  toward  the  posterior  portion  of  the  testicle,  they  unite  into  about  twenty 
straight  cnnals,  called  the  vasa  recta,  about  ^  of  an  inch  in  diameter,  which  penetrate 
the  mediastinum  testis.  In  the  mediastinum,  the  tubes  form  a  close  net-work,  cdled  tbe 
JMte  testis;  and,  at  the  upper  portion  of  the  posterior  border,  they  j>ass  out  of  the 
^Wcle,  by  from  twelve  to  fifteen  openings,  and  are  here  called  the  vasa  efferuiitia. 
'      Having  parsed  out  of  the  testicle,  the 


n 
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vaaa  efferentia  form  a  series  of  small,  con-  ^  '^  ^ 

ical  masses,  which  together  constitute  the 
globus  m*'\jor,  or  head  of  the  epididymis. 
Each  of  these  ttjbe«,  when  unravelled,  is 
'from  six  to  eight  inches  lon^',  pradaally 
increasing  in  diameter,  until  they  all  unite 
into  a  single,  convoluted  tube,  which  forms 
the  body  and  the  globus  minor  of  the  c]>i- 
didymi^*  This  single  tube  of  the  epididy- 
init,  when  unravelled,  is  about  twenty  feet 
In  length. 

^  The  walla  of  the  serniniferous  tubes  in 
•the  testicle  itself  are  composed  of  connee- 
tiv©  liHine,  n  bascment-niembrano,  and  a 
lining  of  granular,  nucleated  cells.  In  the 
|reto  testis,  it  ia  uncertain  whether  the  tubes 
l^ve  a  special  fibrous  coat  or  nre  simple 
Hkmels  in  the  fibrous  structure.  They 
pK'here  lined  with  pavement-epithelium, 
In  the  vasa  etfereotla  and  the  epididymia, 
we  have  a  fibrous  membrane,  with  longi- 
tudinal and  circular  fibres  of  involuntary 
mtt««nilar  tissue  and  a  lining  of  ciliated 
jfepltbelinm.  The  movement  of  the  cilia  is 
|BfAnl  the  vas  deferens.  In  the  lower 
PHUon  of  the  epididymis,  the  cilia  ure  ab- 
sent. The  tubular  structures  of  the  testicle, 
the  epididymis,  ami  the  commencement  of 
the  vas  deferens  are  shown  in  Fig.  282, 

At  tlie  lower  portion  of  the  epididymis,  communicating  with  the  canah  there  is 
usually  found  a  small  mass,  formed  of  a  convoluted  tube  of  variable  length,  called  the 
vas  ahcrrans  of  ITallur.      (i,  Fig.  282.)    This  is  sometimea  wanting,  and  its  ftmction, 

6-.ut^ij  cannot  be  very  important,  is  unknown. 
u  D^ftr^M. — ^The  excretory  duct  of  the  testicle  extends  from  the  epididymis  to  the 
itie  portion  of  the  urethra  and  is  a  continuation  of  the  single  tube  which  forms  the 
body  and  globus  minor  of  the  epididymis.  It  is  somewhat  tortuous  near  it^  origin  and 
becomes  larger  at  the  bnse  of  the  bladder,  just  before  it  is  joined  by  the  duct  of  the  semi* 
|ita]  vesicle.  Kear  its  point  of  junction  with  this  dnct,  It  becomes  narrower.  Ita  entire 
length  is  nearly  two  feet. 
CO 
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The  course  of  tbe  vas  deferens  is  in  the  Bpennatic  cord  to  the  externn]  nbdocBiod 
ring,  through  the  inguinal  cantil  to  the  intemal  ring^  where  it  leaves  the  hlood*r«flBelfl, 
passes  beneath  the  peritoneuin  to  the  side  of  the  bladder,  then  along  the  base  of  t\^ 
bladder  by  the  inner  side  of  the  s»eminal  vesieie,  finally  joining  the  duct  of  the  »enili 
vesicle,  the  common  tube  forming  the  ejaculatorjr  duct,  which  opens  into  tbe  prostatic 
portion  of  the  urethra. 

The  walls  of  the  vas  deferens  are  thick^  abundantly  supplied  »ith  vessel  and  nerves, 
and  provided  with  an  external  Obroua,  a  middle  mui^cular^  and  an  internal  mucous  cml 
The  greater  part  of  that  portion  of  the  tube  which  is  connected  with  the  bladder  is  dilated 
and  sacculated.  The  fibrous  coat  is  composed  of  strong  connective  tissue.  The  mosc 
coat  presents  three  layers;  an  external^  rather  thick  layer  of  longitudinal  fibres,  t  tbij^^ 
middle  layer  of  circular  fibres,  and  a  thin,  internal  layer  of  longitudinal  fibre^^  aJl  of 
non-striated  variety.  By  the  action  of  these  fibres,  the  vessel  may  be  made  to  undergo 
energetic  peristaltic  movements,  and  this  has  followed  gtdvanization  of  that  portioaof 
the  spinal  cord  corresponding  to  the  fourth  lumbar  vertebra,  which  is  described  by  Bod^ 
as  the  genito-spinal  centre. 

The  nnicous  membrane  of  the  vas  deferens  is  pule,  thrown  into  longitudinal  foldi  ifl 
the  greatest  part  of  the  canal,  and  presents  numerous  additional  rugas  in  tlie  saccukted 
portion,  these  rug®  enclosing  little,  irregular,  polygonal  spaces.  The  membrane  is  cov- 
ered with  columnar  epitholinm,  which  is  not  ciliated.  In  the  sacculated  portion,  wt 
numerous  mucous  glands. 

Attached  to  the  vas  deferens^  near  the  head  of  the  epididymis.  Is  a  little  mass  of  cca< 
voluted  and  sacculated  tabefl,  called  the  organ  of  Girald^s  or  the  corpus  innominatiim. 

This  body  Is  from  |  to  |  of  an  inch  lonfr  tnd 

-j^  of  an  inch  broad.     Its  tubes  are  lined  with 

^— ^  11  cells  of  pavement^epitheliuni,  which  are  often 

filled  with  fatty  granules.  Generally,  the  tohm 
present  only  blind  extremities,  but  e*AD%  of 
them  occasionally  communicate  with  the  tT»l)<#! 
of  the  epididymis.  This  organ  has  no  {iliytt^^ 
logical  Importance.  It  it  regarded  by  GtnMte 
as  a  remnant  of  the  Wolffian  body,  oiiaki|9Q» 
to  the  parovarinm. 


Vsiieulm  iSSemtn^^t.— Attached  to  the  hm 
of  the  bladder  and  situated  externally  to  tht 
vasa  deferentia,  are  the  two  Te«icaliii  Mrui- 
nales.  These  bodies  are  each  compoted  of  a 
coiled  and  sacculated  tube,  from  four  10  db 
inches  in  length  when  unravetJed,  and  ioaw- 
what  convoluted,  in  the  natural  dtate,  Into  iB 
ovoid  masa  which  is  firmly  bound  to  tli«  vcskil 
wall  The  strncture  of  the  seminal  v«^cki  ii 
not  very  unlike  that  of  the  sacculatod  porUoo 
of  the  vasa  deferentia.  They  have  an  extiroal 
fibrous  coat,  a  middle  coat  of  rauacnUr  fihrea 
and  a  mucous  lining.  Muscuhir  fibrifs  fm>s 
over  thcBe  vesicles  from  the  bladder,  both  in  a  longitudinal  and  in  a  circular  dir«etifiii,| 
and  serve  as  compressors,  by  the  action  of  which  their  contents  may  be  discharri  *i  T}xA 
mucous  coat  is  pale,  finely- reticulated,  and  i»  covered  with  cells  of  polygonal  * 
nucleated  and  containing  brownish  granules.  No  mucous  glands  have  b^en  famiti  m  nw^ 
substance. 

The  vesicular  seminales  imdonbtedlj  serve,  in  part  at  least,  as  rec^eptAcl^  for  ihil 
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timal  Said,  us  their  contents  ofUn  present  a  greater  or  less  number  of  spermatozoids. 
Although  the  mucous  membrane  of  the  vesicles  seems  to  prodnce  an  iiidepcodent  secre- 
tion, the  presence  of  glandd  )m»  not  been  demonstrated.  The  fact  that  the  fluid  capable 
of  fecundating  the  ovum  h  produced  onlj  hy  the  testicles,  that  the  spcrmutozoidH  are 
the  true  fecnDdating  elemeotii  of  the  nude^  and  that  these  are  developed  in  the  testicles, 
shows  that  the  Bpermatozoids  found  in  the  seminal  vesicles  pass  into  their  cavitf  from  t-he 
▼asa  deferentia. 

The  ejacultttory  ducts  are  formed  by  the  union  of  the  vasa  deferentia  with  the  ducts 
of  the  vesicnlee  seruinales  on  either  side  and  open  into  the  prostatic  portion  of  the  rirethra. 
Except  that  their  coats  are  much  thinner,  they  have  essentially  tlie  same  structure  as  the 
\  deferentia. 


Praatatf, — Surrounding  the  inner  t^xtrennty  of  the  urethra,  including  what  ia  known 
as  its  prostatic  portion^  is  the  prostate  gland  or  body.  Tliis  organ^  except  as  it  secretes 
a  fluid  which  forms  a  part  of  the  ejaculated  semen,  has  chiefly  a  surgical  int-erest,  so  that 
tt  is  unnecessary  to  describe  minutely  its  fonu  and  relations.  It  is  enveloped  in  an 
exceedingly  dense,  fibrous  coat,  contains  Dumerous  glandular  structures  openiug  into  the 
urethra,  and  presents  a  great  number  of  non-striated,  with  a  few  striated  muscular  fibres, 
some  just  beneath  the  fibrous  coat  and  otiiers  penetrating  its  fiubstance  and  surrounding 
the  glands. 

The  glands  of  the  prostate  are  most  distinct  at  that  i»ortion  which  lies  behind  the 
nrethra.  Id  the  posterior  portion  of  this  canal,  are  found  about  twenty  openings,  which 
lead  to  tubes  ramifying  in  the  glandular  substance.  These  tubes  are  formed  of  a  struct- 
ureless membrane,  branching  as  it  penetrates  the  gland.  They  present  heinispburical 
diverticula  in  their  course,  iind  terminate  in  dilated  extremities,  which  are  looped  and 
coiled.  In  the  deeper  portions  of  the  tubes,  the  epithelium  is  columnar  or  cubical,  becom- 
ing te«selated  near  their  openings,  and  sometimes  lamin.'ited. 

The  prostatic  fluid  is  probably  secreted  only  at  the  moment  of  ejaculation.  Its  char- 
acters will  be  considered  under  the  head  of  the  seminal  fluid  ;  bat  we  may  here  note 
that  it  has  been  thought  by  Kraus,  that  the  prostatic  fluid  has  the  important  function  of 
tnalnt4uning  the  vit/ility  of  the  spermatozoids,  ^*  The  spermatozoa,  in  the  absence  of  the 
prostatic  fluid,  cannot  live  in  the  mucous  nvembrano  of  the  uterus  of  mammalia;  but 
with  its  aid  they  may  live  for  a  long  time  in  the  uterine  mucus,  often  more  than  thirty- 
six  hours.'* 

Qlanfh  nf  the  VrfthTn.—\xi  front  of  the  prostate,  opening  into  the  bulbous  portion  of 
the  urethra,  are  two  small  racemose  glands,  called  the  glands  of  M6ry  or  of  Cowper, 
These  have  each  a  single  excretory  duct,  are  lined  throughout  with  cylindrical  epithe- 
lintn,  and  secrete  a  viscid,  mocus-IIke  fluid,  which  forms  a  part  of  the  ejaculated  semen. 
Sometimes  there  exists  only  a  single  ghmd,  and  occasionally,  though  rarely,  both  are 
atfsent.     Their  function  is  probably  not  very  important. 

The  glands  of  Littre,  found  throughout  the  entire  urethra  and  most  abundant  on  its 
anterior  surface,  are  simple  racemose  glands,  extending  beneath  the  mucous  membrane 
into  the  mriscular  structure,  presenting  here  four  or  five  acini.  As  these  acini  are 
surrounded  by  muscular  libres,  we  can  readily  understand  how  their  secretion  may  be 
pressed  out  during  erection  of  the  penis.  They  are  lined  throughout  with  columnar 
or  conoldal  epithelium,  and  secrete  a  clear  and  somewhat  viscid  mucus,  which  is  mixed 
with  the  ejaculated  semen. 


Mah  Elements  of  Generation, 

The  ej.qculated  seminal  fluid  contains  the  male  elements  of  generation ;  but  it  must 
be  remembered  that  the  complex  fluid  known  as  the  semen  is  composed  of  anatomical 
elements  developed  in  the  testicle  itself,  mixed  with  the  secretion  of  the  vaoa  deferentfo^ 
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of  the  vtsicnlee  semioalefi,  of  the  glands  of  the  prostate,  antl  of  the  jjlaiitls  of  the  artethra^ 
As  we  shixW  see  when  wo  come  to  discuss  the  inedmnlsm  of  fecutidatian  of  the  ovuiii^  tlie 
gpermatozoids  are  the  essentkl  male  elements^  and  these  are  produced  in  the  suhtitanco 
of  the  testicle,  by  a  process  analogous  to  that  of  the  development  of  other  true  anfltoml- 
cal  element^  and  not  by  the  mechanism  with  which  we  are  familiar  in  secrifting  gimid». 
The  testicles  cannot  be  regarded  strictly  a^^  glandular  organ*^,  Thej  are  analogous  to  the 
ovaries,  and  t!iey  are  the  only  organs  in  which  sperm atozolds  can  be  developed^  os  tJiw 
ovaries  are  the  only  organ;*  in  which  the  ovoin  can  be  formed.  If  the  testicles  be  ahscnl; 
the  power  of  fecundation  is  lost,  none  of  the  fluids  secreted  by  the  accessory  organs  of 
generation  being  able  to  perform  the  functions  of  the  true  fecundating  dements. 

In  the  healthy  male,  at  the  climax  of  a  normal  venereal  orgasm,  from  half  a  dradm 
to  a  drachm  of  seminal  fluid  is  ejaculated  with  considerable  force  from  the  ureihrn»  by  ad 
involuntary  muscular  spasm.  This  fluid  is  slightly  mucilaginous,  grayish  or  whiliiih, 
streaked  with  lines  more  or  less  opaque,  and  it  evidently  contains  various  kinds  of  rancua. 
It  baa  a  faint  and  peculiar  odor,  »ui  generic,  which  is  observed  only  in  the  ^jaculat^aJ 
fluid  and  not  in  any  of  its  constituents  examined  separately.  It  is  a  little  heavier  thaa 
water  and  does  not  mix  with  it  or  dissolve.  After  ejaculation,  it  becomes  jelly-like  anil 
dries  into  a  peculiar,  hard  masa^  which  may  be  softened  by  the  application  of  appropriate 
liquids.  Tlie  liquid  is  not  coagulated  by  heat  and  does  not  contain  albumen.  Its  rriur- 
tion  is  faintly  alkaline.  It  contains,  in  the  human  subjectf  from  100  to  120  parts  of  9<M 
matter  per  1,000. 

The  chemical  constitution  of  the  semen  has  not  been  very  thoroughly  investigated 
and  does  not  present  the  same  physiological  interest  as  its  anatomical  characlori.  Asitk 
from  tlie  anatomical  elements  derived  from  the  testicles  and  the  genital  passages  it  |ir^ 
sents  an  organic  principle  (spermatine)  which  has  nearly  the  same  chemical  charftcttTSW 
ordinary  mucosine.  It  also  contains  a  (?onsiderable  <pjantity  of  phosphates^  parlieulnrly 
the  phosphate  of  magnesia.  During  desiccation,  the  chnracteristio  crystals  of  this  Cilt 
usoally  make  their  appearance ;  and,  in  the  decomposed  fluid,  we  frequently  find  erystalf 
of  the  triple  phosphates. 

The  conipoi^ite  character  o!  the  seminal  fluid  will  be  better  understood  if  we  exainio« 
briefly  the  properties  of  the  different  mucous  secretions  which  enter  into  it-s  eompofitioo. 

In  tlio  dilated  portion  of  the  vasa  deferentia,  the  mucous  glands  secrete  a  fluid  which  b 
the  flrst  that  is  added  to  the  spermatozoids  as  they  come  from  the  testicles.  Thi^  fluid  ii 
browni-ih  or  ^^rayish.  It  contains  epithelium,  and  smoU,  rounded  granulations^  which  Kt 
dark  and  strongly  refractive.  The  liquid  itself  is  very  slightly  viscid.  In  the  vesiculao  semi* 
Dales,  tliere  is  a  more  abundant  secretion  of  a  grayish  fluid,  with  epithelium,  little  eoJo^ 
less  concretions  of  nitrogenized  matter,  called  by  Robin,  sympexions,  and  a  few  leacocyt**. 
The  glandnlnr  struc^tures  of  the  prostate  produce  a  creamy  secretion,  which  contain*  an- 
raerous  fine  granulations.  It  is  chiefly  to  the  admixture  of  this  fluid  that  the  semen  owct 
its  whitish  appearance.  Finally,  as  the  semen  is  ejaculated^  it  receives  the  escee<ltRgtj 
viscid  secretion  of  the  glands  of  Cowper,  a  certain  amount  of  stringy  mucus  from  th« 
follicles  of  the  urethra,  with,  perhaps,  a  little  of  the  urethral  epithelium. 

Anatomically  considered,  the  seminal  fluid  contains  no  important  elements  except  the 
spermatozoida,  the  various  secretions  we  have  mentioned  serving  simply  us  a  vehicle  f<ff 
the  introduction  of  these  bodies  mto  the  generative  i>assages  of  the  female.  V^t  fhtil 
therefore  consider  only  the  structure  of  the  spermatozoide,  their  movementA,  nnd  tli^pro* 
cess  of  their  development. 
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Spermatotoids^^ln  August,  1677,  a  German  student,  luimed  Yon  Ilammeo,  discofr*! 
ercd  the  wpermatozoids  in  the  human  semen,  and  exhibited  them  to  LeeuwenhotTc,  who 
studied  them  as  closely  as  was  possible  with  the  instruments  at  his  command.     For  a  looft  J 
time,  they  were  regarded  as  living  animalcales;  though  now  they  are  considered  simply  I 
m  peculiar  anatomical  elements,  endowed  with  movements,  like  ciliated  epitheUuui*! 
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lents  ore  developed  within  tbe  seminiferous  tubes;  and  they  difier,  not  somncli 
In  their  mode  of  development,  as  in  their  inrm,  in  different  animals.  We  sball  describe, 
however,  only  the  spermatozoifls  of  the  human  subject. 

If  WIS  extttnine  a  specimen  of  the  fluid  taken  from  the  vesioolo}  seminales  of  an  adnlt 
who  hu9  died  suddenly^  or  tlie  ejaculated  semen,  we  find  that  it  contains,  in  addition  to 
the  various  accidental  or  unimportant  anatomical  elements  which  we  have  mentioned, 
innumerable  bodies,  resembling  animalcules,  which  present  a  fiattenml,  conoidid  head  and 
M  long,  tiipcring,  filamentous  tail.  The  caudate  appendage  is  in  active  motion^  and  the 
Bpermatozoidfl  move  ah  oat  the  field  of  view  with  considerable  rapidity  and  force,  puahing 
nside  little  corpuscles  or  i^ranules  with  which  they  come  in  contact.  Thb  h  supposed  to 
b<?  an  indication  of  the  vitality  of  the  spermatozoids,  which  are  not  thought  to  be  capable 
of  fecnndatiog  the  ovum  after  tlielr  movements 
Lave  ceased.  Under  favorable  conditions  par- 
ticahirly  in  the  generative  pas^ajroM  nf  tlje  fe- 
male, the  movements  continue  for  dsyti ;  and 
tfaia  fact  is  hnportant,  as  we  i^hall  see  here- 
after, in  its  bearing  npon  the  Timits  of  the  time 
of  fecundation. 

Microscopical  examination  does  not  reveal 
any  very  distinct  Mrncture  in  the  substance 
af  the  spermatozoids.  The  head  is  about 
y^  of  an  inch  long,  j^^  of  an  inch  broad, 
'^^^  rrJinr  ^^  ^^  "^ch  in  thickness.  The  tail 
is  about  j^Jt^  of  an  inch  in  length.  La  Vallctte 
8t.  George  has  found,  in  man  and  many  of  tlio 
inferior  animal  the  **  interme4iiato  segment  *' 
described  first  by  Schweigger-Seidel,  though 
he  does  not  agree  with  Schweigger-Seidel  that 
this  portion  is  motionless.  Tho  length  of  the 
intermediate  segment  is  about  jr^  of  an  inch.  It  is  usually  deserlhed  as  tbe  beginning 
of  the  tail;  and  the  only  difference  between  this  and  other  portions  is  that  it  \s  a  little 
thicker. 

Water  speedily  arrests  the  movements  of  the  spermatozoids,  ivhich  may  be  restored 
by  tlie  addition  of  dense  saline  and  other  solutions.  All  of  tfie  alkaline  animal  fluids  of 
moderate  viscidity  favor  the  movements,  while  tbe  action  of  acid  or  of  very  dilute  solu- 
tions is  unfavorable.  The  movements  are  t^uspended  by  extreme  cold,  but  they  return 
when  the  ordinary  temperature  is  restored. 

Beftjre  the  age  of  puberty,  the  seminiferous  tubes  are  much  smaller  than  in  the  adult, 
and  thoy  contain  small,  transparent  cells,  which,  in  their  form  and  arrangement,  resemble 
epithelium.  As  puberty  approaches,  however,  tbe  tubes  become  larger,  aud  the  cell-con- 
tcmts  increase  in  size.  At  this  time,  there  seem  to  bo  two  kinds  of  celli;  an  epithelium, 
ia  the  form  of  irregularly-shaped  cells,  lining  the  ttiltes,  and  rounded  cells,  containing  one 
or  more  nuclei,  some  of  the  cells  appearing  to  bi^  In  i>rocess  of  Begmentntion.  Many  of 
the  cells  lining  the  tubes  present  a  rounded  tiurtion,  with  a  large,  clear  nucleus  applied  to 
Ihe  tube-wall,  each  with  a  caudate  prolongation  projecting  into  the  tube.     Sometirae8 

projections  from  the  ditierent  cells  anastomose  with  each  other,  forming  a  kind  of  nel^ 
%ork.  In  the  central  portions  of  the  tubes  of  tho  adult,  are  rounded  vesicles,  from  ^^^  to 
^5  of  an  inch  in  diameter,  each  containing  from  two  to  twenty  transparent  nuclei  meas- 
uring from  yVrv  ^  tsW  ^^  ^^  inch.  In  these,  which  are  called  the  seminal  cells,  amte- 
boid  movemontj^  have  been  obsw^rved.  The  large  vesicles  with  multiple  nuclei  are  the  scat 
of  development  of  the  sperraatozoids.  The  nuclei  of  the  Vesicles  appear  to  be  trans- 
fonned  into  the  heads  of  the  spermatozoids,  and  tbe  filamentous  appendages,  which  are 
seen  in  th@  Tesioles  in  various  stages  of  formationf  are  developed  gradually.     It  otlten 
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occurs  thiit^  when  from  tea  to  twe&tj  spertnaio2oids  are  developed  in  a  single  yeaieU,  tJic  I 
heads  and  tails  are  arranged  regularly,  side  bj  side;  bul»  when  only  two  or  thrive  8r«  oV] 
8«rved»  their  arrangement  is  irregular.     The  vesicular  envelo[>e»  finally  disappear  and  tb« ' 
epermatozoids  are  liberated ;  but  thia  occurs  only  in  the  rete  testis  and  in  the  epididymk 
In  the  epididymis  and  the  vasa  deferentia,  the  spermatozoids  are  motionless,  thoojjih  tLcj 
are  not  enclosed  in  vesicles,  apparently  from  the  density  of  the  mibstance  in  which  ihvy 
are  embedded ;  for  inovomenta  are  sometimes  presented  when  th«s  contents  of  iht^  Tosa 
deferentia  are  examined  with  the  addition  of  water  or  saline  solutions.     Once  in  tk 
vesicnliB  seminales,  or  after  ejaoolation,  the  Bpermatoiolds  are  invariably  in  activ^e  motlim. 


Fift.  SSfi^*— ZKfMbtpmipn/  **/  th^  ^p^rrnatosmd*  in  th^  rabbit.     (Ll£feols.) 
O,  O,  fpanil«tO>Qilid»;  A,  «p«mMSa  wn  eontafnln^^  thirU>en  nuclvl,  two  ^t  which  contain  oacJi  a  htad  of  •  KptffOKlaM 
developed;  e,  ipeniiatte  oell  oontsloiu^  two  fte«oQd«iy  <wlJe,  eedi  oa«  firovided  witb  ■  ntM^OA  fhaoi  wUekl** 
Bpermatmoide  are  to  be  dertlopcd :  </ ,/  ancmiAUe  e^fla,  eedi  wtUi  OM  aiKleoi ;  «» •p<niut]c  oeD  <«Pti<itMt  • 
•eoamdeiy  c«n  with  «  fiodoiu;  \  bandte  of  epeniutofeoldA. 

The  §emeD,  thus  developed  and  mixed  with  the  varione  secretions  before  m^ntion^i  i» 
found  during  adult  life  and  even  at  an  advanced  ago  ;  and,  under  phyuologica]  coa^ 
tious,  it  contains  innumerable  sperraatozoids  in  active  movement.  But  if  sexual  inter* 
course  be  frequently  repeated  at  short  intervals^  tlie  ejaculated  fluid  becomes  more  wd 
more  transparent,  homogeneous,  and  scanty,  and  it  may  consist  of  a  small  amount  of  ftcre- 
tion  from  the  vesionlfe  seminalea  and  the  glands  opening  into  the  urethra,  without  sptr* 
mat<)zoids,  and  consequently  deprived  of  fecundating  properties. 

In  old  men,  the  seminal  vesicles  mny  not  contain  spermatozoids ;  but  this  is  not  alwij* 
the  case,  even  in  very  advanced  life.     Instances  are  constantly  oc<*urring  of  men  wHo 
have  chiklren  in  their  old  age,  io  whicli  the  paternity  of  the  otlVpring  can  hardly  b» 
doubtetl.     Thiplay,  in  1852,  examinetl  the  somen  of  a  number  of  old  men,  and  fouu»L  in 
about  half  the  number,  spermatozoids,  normal  in  appearance  and  quantity,  tlK«ngh»  ia 
some^  the  vesiculee  scminales  containetl  either  none  or  very  few.    Some  of  the  Individ 
als  in  whom  the  spermatozoids  were  normal  were  between  seventy-three  and  aighty-tw* 
years  of  age.    More  recently,  M.  A.  Diea  has  investigated  the  same  question.    In  lii 
conclusions,  adding  to  his  (hru  observrttions  the  fifty-one  cases  noted  by  Dnjilay,  he  pn§ 
the  following  results,  in  one  hundred  and  lifty-six  old  men  : 

^'  25  sexagenarians  gave  a  proportion,  still  presenting  spermatozoids,  of  6d*5  per  l^ 
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ro  Beptaageiiari&as  gave  a  proportion,  still  presenting  spermatozoids,  of  59*5  per 


he 


^*51  ootogeuarians  gave  a  proportion,  still  presenting  spennatozoidSf  of  48  per  100* 
*'^  4,  having  passed  the  age  of  ninety  years,  gave  entirely  negative  result^/' 
The  oldest  tnun,  in  the  cases  reported  by  Duplay^  was  eigbty-two,  and,  in  those 
Doted  by  Dieu,  eighty-six  years,  which  latter  Dieu  fixes  as  the  limit,  not  having  observed 
sperm atozoids  after  that  age.  The  observations  were  made  by  examining  the  contents  of 
the  jjenerativo  passages  twenty-four  hours  after  death.  Some  of  the  subjects  died  of 
iiti%  un J  others,  of  chronic  diseasos ;  but  the  mode  of  death  did  not  present  any  difter- 
ices  in  the  cases  classed  with  reference  to  the  presence  of  spermutozoids.  As  a  result 
of  his  own  and  other  investigations,  Dien  comes  to  the  conclusion  that  the  power  of 
fecuodation  in  the  male  often  persists  for  a  considerable  time  after  copulation  Iius  become 
impossible  simply  from  incapacity  for  erection  of  the  penis. 
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fECVIfDATTOlf  AND  DBVSLOPMElfT  QF  TSS  OVUM. 

KtiWu.  of  the  izi«le— Action  of  the  feiiukl»— Entnnee  of  vptxteAUmoU^  Ictd  tbd  Dterus — Courso  of  iht  spcr- 
I  through  th«  female  i^eDerfttiro  pAMtf^s — MoohuLtam  of  feeundAtloa— Determlnfttlod  of  the  tex  of 
oflkpiiinf-^HerediUcy  tnikfmlMlan— ^apeHiboondftttoa — Inflneaoe  of  tho  maternal  miod  on  oflTsjjriiijjir— CTi>1od  of 
tiM  mftto  vlth  the  fitnMki  elefn^ot  of  g^Dontlon— Pusa^  of  the  spcmutosoldi  thfon^h  tlio  TitvllLbo  membimoa 
— DeformattoQ  and  pymttoo  of  the  rlteUiu—PoUr  globulo— Vlt^Uino  Dudoiu— SegmoDtatSoo  of  the  TitoJIaa— 
FrtiBlt$T«  trMw  of  the  timbryoo— BUstodermlc  Uyers^Formstloi]  of  the  membnuies — Ajnototlc  daid-^UmbiU- 
«l  Tcalelii— ForniAtion  of  tbo  allmitoiA  and  the  pertnanuat  chorion  -  Umbilical  cord— MLn])bnui»  deddtu^^ 
DeroloptBflQt  and  struettire  of  the  placcnta—OimoTal  rleir  of  the  develoirment  of  tbo  ombryoD— ]>en40|NlMnt 
of  thii  eaviUea  uid  iajer»  of  thn  trunk  in  tbo  chick— Extomal  blajiUKianiiic  membrane— Intcrnjcdtato  mom* 
braoa,  fn  two  layftra — lotdrDol  bbstadurmlc  membrane — Netuul  catuJ — Ghonla  donolls— Priioltive  aortv— Ycr* 
tebn^^Origlii  of  tiie  Wolffian  b^Klles — Plouro-iteritnaeal  tyirlty — Development  of  the  ikelet^io— Development  of 
thd  miiaclea — DeTelopment  of  tbo  akin— DeYeloiimejat  of  the  nerroua  B3rstem<^Derekipment  of  the  ciic«pliaUiii 
— D«Tclopm£»Rt  of  thu  or^QS  of  apeelal  aooeo- Development  of  the  alimentary  syatem  — Formation  of  the  m«- 
aenturj- Formatioti  of  thu  stoinscb— Development  of  the  large  iDteetlne^Formatkin  of  the  phaiynx  and  aBAO|iba- 
iru»— DeTolopinntit  of  the  ana»— The  Ifver,  paocreaa,  and  epIeeO'DeTelopment  of  the  reeplntory  iTetem— De- 
velopment of  the  fkce— Di»vi*lopmeDt  of  the  teeth— Development  of  the  ipenlto-nrlnary  ajiteni'— Development 
of  the  WolOLan  boUles— Ducta  of  the  Wolffian  bodlei  and  dneta  of  Mailer -^Developmenl  of  the  lestlclei  and 
ovarlvfl^Dd^clopment  of  Lh«  ariaarf  apparatue-^Exteraal  organa  of  generation— Hermaphrodltlam—Develofp- 
meat  of  ihe  cliraUtory  »v»t«m— First,  or  rlfcelfine  drcalttlon- Second,  or  placental  eifoolalioa — Braonhlal  arohea 
and  dfv^eloprnont  of  the  artcrliil  and  the  venom  ijatera— Development  of  the  heart— Deecriptton  of  the  fietal 
clrealatlim- Third,  or  adalt  circulation. 

Coitus, 

As  far  as  the  male  is  concerned,  coitus  is  rendered  possible  by  erection  of  the  penis. 
This  may  occur  before  puberty,  but,  at  this  time,  intercourse^  i^annot  be  frintfnl.  As  we 
have  seen  in  a  prerionB  chapter,  coitus  may  be  innposslble  in  old  ago,  from  absence  of  the 
power  of  erection ;  but  spemxatozolds  may  still  exist  in  the  vesiculm  seminalea,  and 
fecundation  might  occur,  if  the  seminal  tluld  cotild  bo  discharged  into  tbe  f^enerativo  pas- 
sages of  the  female.  Ooitns  Fnay  take  place  in  tlie  female  before  the  age  of  puberty  or 
after  the  final  cessation  of  the  menses,  but  intercourse  cannot  then  be  fraitful.  Tltere 
are  sufficiently  numerous  examples  of  conception  following  what  would  bo  called  imper- 
fect inlercourse,  as  in  cases  of  unruptured  hymeu,  deformities  of  the  male  organs,  etc., 
to  show  that  the  actual  penetration  of  the  male  organ  is  not  essential,  and  that  fecunda- 
ticm  may  occur,  provided  the  seminal  fluid  find  its  way  into  even  the  lower  part  of  the 
Tttipna.  Conception  has  also  followed  intercourse,  when  the  female  has  been  insensible 
or  entirely  passive ;  but  we  shall  consider  only  the  physiology  of  complete  and  normal 
intercourse,  when  both  the  male  and  female  participate,  more  or  less,  in  the  sexual  act. 
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Action  of  the  MaU.— The  act  of  sexual  iiitercoorso  is  prece<!^,  in  th^  Tn«v»*',  hy  i 

JoDger  OP  fihorler  period  of  exciteniunt,  tlio  most  important  in;  i* 

erection  and  rigidity  of  the  ponia.     Tlda  is  krgtly  controlled  by  t  ,  1; 

may  be  due  to  distention  of  the  veBicuko  scminales,  and,  perhaps,  of  tii©  tulies  ot  i 
toMtick^  and  epididymis  after  prolonged  continence,  to  the  imagination,  or  tu  lht»  pre!M.iiu 
or  thought  of  a  female  exciting  demre.  The  excitement  may,  alao,  be  arpcat<?d  by  a  wni* 
den  feehiig  of  disgnat,  modesty,  or  fear ;  and  it  sometimes  happens  Umt  tlae  eri'thism 
is  so  intense  that  the  male  organ  hecumes  tiuccid  witbout  ejaculation.  An  occnrrence  of 
this  kind  freriuently  oocasions  such  an  amount  of  mortification  and  appr^bt^nAli^)  for  th« 
future,  that,  from  the  mere  dread  of  a  similar  accident,  there  is  frequently  an  inc«pacil^ 
for  intercourse  when,  in  all  ottier  respects,  the  conditions  are  absolutely  nomiaL  I*ljjii. 
cians  have  freqaent  occasion  to  observe  tbia,  especially  in  the  newly -married,  \rho  tit 
often  atflicted  with  the  fear  of  permanent  seiual  incapacity  and  seek  professional  adtict. 
This  illustrates  the  influence  of  the  nervous  «>yi$teni  upon  the  sexual  organs,  iu  the  ab- 
sence of  diseaited  condition^u 

Unlike  certain  of  the  lower  animals,  the  human  subject  presents  no  di^^^tlnct  pcHo* 
dieity  in  the  duvelopment  of  the  spermatozotds ;  but^  in  ruttcrated  connection,  czclt<*> 
meut  and  an  orgasm  may  occur  when  the  <jaculated  fluid  has  no  fecundating  properties. 
Such  fre<iuently-repeated  sexual  acts  are  abnormal ;  but,  from  a  purely  phyBiulogicil 
point  of  view,  prolonged  continence  is  equally  unnatural  and  may  react  unfavorably  oo 
the  nervous  system*  No  absolute  or  even  approximative  rule  con  b<&  laid  duwn  with  re- 
gard to  the  frequency  with  which  intercourse  may  take  place  within  physiological  Hmlli. 
We  may  assume  that  the^se  conditions  are  fulfilled,  first,  when  intercourse  b  eonlified 
within  the  limits  of  legitimacy,  after  the  unusaal  excitement  of  novelty  has  pasMd; 
second,  when  both  the  male  and  female  are  in  perfect  health,  end  no  undue  degree  of 
lassitude  follows  coitus,  alter  a  propter  period  of  repose ;  third,  when  there  is  no  marked 
diminution  of  sexual  desir«,  except  that  whicb  may  be  accoimted  for  by  jigc ;  fijiirtJi, 
when  pregnancy  occurs  at  proper  intervaLs  progresses  normally,  and  is  fidlowed  by  tli« 
normal  period  of  lactation ;  flfth^  w  hen  menstruation  is  regular,  and  w  hen  there  is  a 
period,  usually  after  the  cessation  of  the  flow,  during  which  there  is  unasuaj  sexual  ei* 
citement,  responded  to  by  the  raale^  and  disappearing  after  tlie  sexual  desires  have  bcvii 
8atis6ed.     It  may  be  somewhat  rare  to  find  tfiese  conditions  fulfilled  in  all  r  n**a 

few  men  and  women  in  civilized  life  ore  al>solutely  normal  during  adult  ju  the 

sources  of  nnnatnral  sexual  excitement  are  so  numerous;  but  they  approsi  math  civ  rvp* 
resent  the  physiological  performance  of  the  generatiYe  functions  in  both  sexes*  U  b  tros 
that  the  female  can  frequently  endure  sexual  excesses  better  than  the  male»  because  she 
is  more  passive,  and  may  often  not  participate  in  the  venereal  excitement ;  but.  If  W« 
oasnme  that  intercourse  is  physiologically  confined  within  the  limits  fixed  by  social  lawf, 
the  same  rules  bb  regards  frequency  of  the  sextinl  act  should  apply  to  both.  It  is  certain 
that  intercourse  Is  not  normal  in  the  female  during  menstruation  or  dnrinif  thi^  j^r^Ait^t 
port  of  the  period  of  utero*gestation  ;  and,  at  these  times,  it  is  pbysiob  ►.  itale 

should  be  continent.     Taking  our  view  chiefly  from  what  appear  to  be  t  unh 

meets  of  the  female.  Intercourse  most  properly  takes  place  at  the  time  fuliowini:  litt:  tucB- 
strual  flow^,  when  there  is  usually  a  certain  amount  of  sexual  excitement,  and  Uiis  should 
not  be  immediately  repeated^  though  it  may  be  pbysiological  after  a  few  days.  A^  itziiil 
excitement  is  gratified  and  diminishes,  intercourse,  us  far  as  the  desires  of  the  fenmlo  art 
eoncemeil,  is  suspended,  and  it  does  not  take  place  to  any  great  extent  durini;  preiriumey* 
Tliis  seems  to  correspond  with  the  normal  progress  of  the  generative  fnn  -we 

have  traced  it  in  the  female.     It  is  evident  that  this  is  a  subject  of  greul  iiod 

one  that  is  with  diflicnlty  brought  to  the  requirements  of  rigid  scientific  iiiquiry  ;  litlll 
it  can  hardly  be  avoided  in  a  full  account  of  the  physiology  of  generation,  and  it  u  • 
question  often  presented  to  the  practical  physician. 

Although  we  have  not  yet  considered  fully  the  mechanism  of  erecUoB,  bnt  littlo  r^ 
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Kuams  to  be  said  tipon  tbis  subject  after  our  discussion,  m  connection  with  the  circulatory 
lystemi  of  the  general  stracture  of  erectile  tissues.  The  cavernous  and  spon*jy  bodies 
Df  Uie  penis  are  usually  taken  as  the  type  of  erectile  organs.  In  t\ni^  parts,  the  arteries 
ire  large,  coutorted,  provided  with  unusually  thick  muscular  coats,  and  eonnecUrd  with 
Ihe  veins  by  vessels  considerably  larger  than  the  true  capillaries.  They  are  supported 
by  a  strong  fibrous  net-work  of  trabecnlte  which  contains  nun-striated  muscular  libres; 
|o  thali  wbt'U  ttie  blood-vessels  are  coinpletely  filled,  the  organ  becomes  (enlarged  and 
hardened  and  can  penetrate  the  vagina,  llesearches  upon  the  nerves  of  erection  <^\\ow  con* 
Itlusively  that  tlie  ves-^els  of  erectile  tissues  are  distended  by  an  euiargeiiR^nt  of  the 
irteritJes  of  supply,  and  that  tliere  is  not  simply  a  stasis  of  blood  produced  by  con*ilrie- 
lion  of  the  veins,  except,  perliaps,  for  a  short  time»  during  the  period  of  most  intense 
renereal  excitement.  In  experinients  upon  dogs,  Eckhard  discovered  a  nerve  derived 
from  the  sacral  plexus,  stiiuulution  i>f  which  ]iru(luced  an  incrtmse  in  the  tiow  of  blood 
Ihrough  the  penis,  attended  with  idl  the  phenomena  of  erection.  This  nerve  arises  by 
|wo  roots  at  the  sncnd  plexus,  from  thu  first  to  the  third  eacral  nerves.  In  the  experi- 
ments referred  to,  by  a  coraparison  of  the  quantity  of  venous  blood  coming  from  the 
^enis  befortj  and  during  the  stimulation  of  the  nerve,  Eckhard  found  a  great  increase 
jiarhig  erection.  It  is  probable  that,  In  addition  to  the  arterial  dilatation,  wheo  the  penis 
ittains  its  maximum  of  rigidity,  there  is  a  cert*un  amount  of  obstruction  to  the  outflow 
pf  blood,  by  compresaion  of  the  veins,  and  that  the  rigidity  is  increased  by  contraction 
of  the  trabecuLir  muscular  fibres  of  tlie  corpora  cavernosa. 

During  erection,  the  penis  becomes  exquisitely  sensitive,  especially  at  the  glaus;  and  the 

introduction  of  the  organ  into  the  vagina,  pressure  by  the  cunstrictor  muscle,  aud  friction, 

|tiorease  this  sensibility,  until  the  venereal  orgasm  occurs.    At  this  time,  there  is  a  pecul- 

■IpiiLd  indefinable  sensation,  almost  immediately  followed  by  spasmodic  contractions  of 

HFrcsiculffl  seminales  and  the  ejaculatory  muscles,  and,  at  the  climax  of  the  orgnsm,  the 

lemen  is  forcibly  discharged  from  the  urethra.     This  is  followed  by  a  feeling  of  lassitude, 

a  general  sense  of  fatigue  of  the  generative  organs,  fiaccidity  of  the  penis,  and  it  is  some 

time  before  the  venereal  appetite  can  he  again  excited-     Although  this  is  the  pbysinlo- 

^c&I  mecbaoism  of  a  seminal  discharge,  friction  of  the  parts  is  not  absolutely  uecessary, 

U  is  shown  by  the  occurrence  of  orgasm  during  sleep,  which  is  liable  to  take  place  in 

Wealthy  men  after  prolonged  continence. 

After  the  seminal  fluid  has  been  ejaculated  during  intercourse,  the  generative  act,  as 
lar  as  the  male  is  concerned.  Is  accomplished.     It  now  remains  for  us  to  study  the  action 
pf  the  female  and  the  process  by  which  the  spermatozoida  are  brought  in  contact  with 
the  ovum. 
I 

Action  of  the  FemaU, — If  we  can  credit  the  statements  made  to  physicians  in  their 
|^roft*ft*ional  intercourse — and  we  have  few  other  reliable  sources  of  information — there 
ftre  some  females,  in  whom  the  generative  function  is  perfomictl,  even  to  the  extent  of 
Waring  chjhlron,  who  have  no  actual  knowledge  of  a  true  venereal  orgasm;  but  there 
(ire  others  who  experience  an  orgasm  fully  as  intense  as  that  which  accompanies  ejacula- 
tion in  the  male.  There  Is,  therefore,  the  important  difference  in  the  sexes,  that  prelimi- 
nary excitement  and  an  orgasm  are  necessary  to  the  performance  of  the  generative  act 
in  the  male,  but  are  not  eesential  In  the  female.  Still,  there  can  be  scarcely  a  iloubt  but 
that  venereal  excitement  in  the  female  facilitates  conception,  other  conditions  being 
favorable. 

The  first  intercourse  in  the  female  is  usually  more  or  less  painful,  on  account  of  mp* 
lure  of  the  hymen,  and  the  external  organs  are  unduly  sensitive  until  the  parts  are 
bealed.  After  this,  if  there  be  a  i>relirninary  excitement,  there  is  a  certain  amount  of 
erection  of  the  clitoris  (which  corresponds  to  the  penis)  and  of  the  erectile  bulbs  situated 
%l  the  vaginal  orifice.  There  is  also  an  increase  in  the  secretions  about  these  parts,  and 
Ihere  may  be  an  ejaculation  from  two  glands  opening  near  the  labia  minora,  called  the 
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glands  of  BartboliDus,  which  correspond  to  the  glands  of  Cowper  in  the  male.  Row 
internal  erectile  parts  participate  at  this  time,  it  is  diffienlt  to  determine.  Bj  the  frictii 
against  tho  clitoris — which,  at  its  maximnm  of  erection,  is  directed  toward  the  axi^  ofti 
Tagtna — against  the  vaginal  walls,  and  probahly,  also,  by  the  contact  vi  the  glaiis  fmk 
with  the  neck  of  the  uterus,  the  excitement  of  the  female  increasefl^  the  vesMla  of  thd 
vagina  become  turg:id,  the  secretion  of  mucus  hj  the  external  organs  becomes  atrandias, 
and  this  finally  culminates  in  an  orgaam^  similar  to  that  experienced  bj  the  male,  with  % 
farther  increase  in  the  secretion  of  the  glands  at  the  vaginal  orifice.  As  we  have  statwl 
In  our  aceouut  of  the  diaoharge  of  the  ovnm  from  the  Graafian  follicle^  this  €OQg«dk» 
and  excitement  may  hasten  the  rapture  of  a  ripe  follicle  in  the  human  female,  as  it  iuk 
doubtedly  does  in  many  of  the  lower  animals ;  but  follicles  certainly  ruptaro  indefico* 
dently  of  C4>itus.  There  is  a  certain  degree  of  lassitude  in  the  female  following  seiut! 
intercourse,  but  tlds  is  usually  not  so  marked  or  so  prolonged  as  in  the  male. 

The  most  important  physiological  point  in  this  connection  is  with  regard  to  thi 
able  action  of  the  internal  organs  of  the  female  during  sexual  excitement.  We 
ready  studied  what  has  been  described  as  the  erectile  tissue  of  the  uterus  and  ornioL^ 
Whether  this  be  or  be  not  a  true  erectile  tissue,  seems  to  be  rather  a  question  of  de&ii- 
tion.  The  blood-vessels  certainiy  have  an  erectile  arrangement;  still,  they  are  net 
enclosed  by  thoi^  distinct,  fibrous  trabecule  which  are  observed  in  the  penis*  la  tho 
body  of  the  uterus  and  in  the  ovaries^  the  idea  of  erection  during  sexual  excitemeot 
rests  simply  upon  anatomical  descriptions  and  artificial  distention  of  the  vesMb  ifUr 
death,  and  the  parts  cannot  be  investigated  during  life ;  but  it  is  difiereot  witk  thi  SmI 
of  the  uterus,  as  we  shall  see  farther  on ;  and,  upon  this  pointy  we  may  refer  to  i  very 
remarkable  p»aper,  by  Dr  Joseph  R,  Beck,  of  Fort  Wayne,  Indiana,  which  has  hsrdJj 
received,  in  this  country,  the  attention  it  deserves.  Dr.  Beck*s  observations  relate  tni 
question,  **How  do  the  spermatozoa  enter  the  uterus?'*  and,  when  we  consider tl»»t 
has  been  positively  demonstrated  tliat  sponuBtozoids  find  their  way  to  the  surface  of  ti 
ovaries,  we  can  appreciate  the  importance  of  any  reliable  observations  with  regard  totJif 
action  of  the  internal  organs  during  coitus. 

August  11,  1872,  Dr.  Bock  was  called  to  see  a  lady,  thirty-two  years  of  age,  of  M^ 
vona  temperament,  blonde,  married  eight  years,  with  one  child,  a  son,  living  and  stttft 
years  old.    She  had  an  abortion  six  years  before,  and  has  soffered  from  sympl 
eating  uterine  disease  ever  since.    Hhe  commenced  to  menstruate  at  the  age  of 
Examination  with  the  finger  showed  that  the  os  uteri  was  just  inside  the  vulva. 
Mcintosh ^s  stem-pessary  was  introduced.    The  rest  of  the  history,  as  the  ohaervvtioii 
so  remarkable,  wo  quote  in  full : 

**  Calling  at  the  residence  of  the  patient  next  day,  for  the  purpose  of  adjusting  tl*' 
nterrae  supporter,  1  made  an  examination  by  the  touch,  and  upon  introducing  my  tispf 
between  the  pubic  arch  and  the  anterior  lip  of  the  prolapsed  cervix,  I  was  reqn* 
her  to  be  very  careful  in  raanipnlating  those  parts,  as  she  was  very  prone,  by 
her  passionate  nature,  to  have  the  sexual  orgasm  produced  by  a  very  slight  contact  of 
finger.  Indeed,  she  stated  that  this  had  more  than  once  occurred  to  her,  when  m 
digital  investigation  of  herself-  Here  then  was  an  opportunity  never  before  offered 
one  to  my  knowledge,  and  one  not  to  he  lost  on  any  consideration.  Carefully  separilinf 
the  viilvjp  witli  my  left  hand,  so  that  the  os  uteri  was  brought  clearly  into  vi«w  iai 
strong  light,  I  swept  the  right  forefinger  a<?ross  the  cervix  twice  or  three  times,  wlien 
almost  immediately  the  orgasm  occurred,  and  the  following  is  what  was  presented  to  mj 
flew: 

**Tho  OS  and  cervix  uteri  had  been  firm,  hard,  and  generally  in  a  normal  oonditiiiB, 
with  the  08  closed  so  as  not  to  a<lmit  tho  uterine  probe  without  difficulty ;  but  imintfi* 
ately  the  os  opened  to  the  extent  of  fully  an  inch,  made  five  or  six  suooesstTe  gasps,* draw 
ing  the  external  os  into  the  cervix  each  time  powerfully,  and  at  the  same  time  becfioi; 
quite  soft  to  the  touch.    All  these  phenomena  occurred  within  the  spac0  of  tweJrs 


Dikiif  I 


COITUS, 


891 


ondfi  timo  d^rtatnly^  and  in  an  iasiont  all  was  aa  before;  the  os  had  closed^  the  cervix 
hardened,  and  the  relation  of  the  parts  had  become  m  before  tbe  orgasm^ 

^Now  I  careMly  questioned  my  patient  us  to  the  nature  of  tbe  sensations  expericncod 
ler  at  tbe  period  of  excitement,  and  she  was  positire  tlmt  tliej  were  the  Bame  in  qnali- 
8  they  ever  wore  during  coition,  oven  before  the  occurrence  of  tbe  probipae;  but  ad- 
mits that  they  were  nut  exactly  tbe  same  in  quantity^  believing  that  during  coition  the 
orgaaui  had  Uufled  longer^  although  not  at  all  or  in  any  respect  different  us  to  sensation. 
had  almost  forgotten  to  make  mention  of  tbe  intense  congestion  of  tbe  parts  during  the 
is,'  and  introduce  the  statement  bereJ^ 
•fcertainly,  tbe  de&uription  we  have  just  quoted  is  sufficiently  graphic,  and  thexuecban* 
ism  of  the  penetration  of  spermatozoids  into  the  uterus,  if  this  be  the  action  of  the  cervix 
daring  an  orgasm^  seems  simple  enough;  but  it  cannot  explain  fecundation,  when  it 
occurs,  as  it  undoubtedly  may,  without  orgasm.  In  physiological  literature^  w^e  find  nu* 
merous  allusions  to  a  auction  force  exerted  by  the  uterus  during  coituit,  but  this  is  most 
frequently  stated  as  of  possible  or  probable  occurronce,  without  l>eing  sustaiaed  by  any 
positive  observationa.  Still,  as  early  as  1846,  we  find  a  direct  observatiou,  recorded  by 
Lilzmanu,  as  follows : 

**  I  myself  lately  had  the  opportonityj  in  an  internal  exploration  of  a  young  and  rery 
■Milhistio  female,  of  observing  that  suddenly  the  uterus  assumed  a  more  perpendicular 
'^H^OD,  was  drawn  more  deeply  into  the  pelvis,  tbe  lips  of  tbe  os  uteri  tmmedhitely 
^^^^■Kaefmrated^  the  os  became  rounded,  softer  and  accessible  to  tbe  Jiuger,  and  tmme- 
^^^^|fre  highest  sexual  excitemeut  was  hetrayed  by  tbe  respiration  and  voice/* 
^^^pecmaidertng  tbe  mechanism  of  the  penetration  of  spermator^oid^  into  the  uterus,  it 
^Hbo  Heceasary  to  take  into  account  the  secretions,  particularly  of  tbe  mucous  glands  at 
the  neck*     Most  writers  of  the  present  day  admit  that^  during  tbe  height  of  tbe  orgasm, 
•there  is  an  ejaculation  from  the  uterus  of  a  small  amount  of  alkaline  mncus.    That  an 
'erection  of  the  cervix,  followed  by  sudden  relaxation  and  opening  of  tbe  os,  may  occur, 
cannot  be  doubted,  and  there  is  no  evidence  ol*n  muscular  action  in  the  uterus  sufficient 
to  project  this  fluid  forcibly,  as  the  semen  is  discharged  by  the  male.     Assuming  that  the 
views  just  -Stated  be  correct,  we  can  readily  understand  how  tbe  neck  mny  be  erected  and 
hardened  during  the  orgasm,  extrudiug  an  alkaline  mucus,  that  the  wmen  ia  ejaculated 
forcibly  toward  the  uterus  and  becomes  mixed  with   tbe  mucus,  and  that  the  sudden 
relaxation  of  the  cervix  and  opening  of  the  os  may  exert  a  force  of  aspiration  and  tboa 
sdraw  In  the  fecundating  elements.     Certain  it  is  that  sperm atozoids  may  be  found  in  tb© 
tnaons  of  the  cervix  a  very  short  timo  atlter  coitus.     It  is  possible,  also,  that  a  sexual  con- 
nection may  be  oecasiooally  even  more  intimate,  and  t!iat  a  portion  of  tbe  glims  penis 
tnay  l>e  actually  embraced  by  the  .dilated  cervix*  though  this  must  be  unusiud.     This 
tUtter  idea  of  the  establishment  of  a  ** continuous  caual'^  during  intercourse  is  one  that 
^^^ftdvanced  by  many  of  the  older  writers. 

^HQuite  a  strong  argument  in  favor  of  the  view  tliat  the  spermatozoids  are  imprisoned, 

as  It  were,  in  the  cervical  mucus  soon  after  ejaculation,  is  the  fact  that  vaginal  injections 

immodintciy  after  intercourse,  wliieh  are  frequently  resorted  to  to  prevent  conception, 

often  fail  to  province  the  desired  result,  even  when  they  are  so  thorough  as  to  wash  out 

h^paginn  completely, 

^^pThile  we  must  accept  as  probable  the  view  that  the  uterus  may  draw  into  the  neck 
km  alkaline  mucus  previously  efnculated,  and  with  it  a  certain  araonnt  of  seminal  fluid, 
tbe  fact  that  conception  may  t^*ike  jilaco  without  orgasm  on  tbe  part  of  the  female,  and 
even  without  complete  penetration  of  the  male  organ,  ^hows  that  the  action  we  have 
described  is  not  absolutely  essential,  and  that  tbe  semen  may  find  its  way  into  the  nteras 
in  some  other  way,  which  it  is  certainly  very  difficult  to  explain. 

VofiTH  t\f  the  Bptrmatotmds  through  the  Female  Generatite  Pftmifffs, — The  sperma- 
oids,  once  within  tbe  cervix  uteri,  and  in  contact  with  the  alkaline  mucua,  which 
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inereftses  the  activity  of  their  inovementa,  may  pass  tbrough  the  utertis,  into  the  Fillo- 
plan  tubes,  and  even  to  the  surface  of  the  ovaries.  Precisely  how  their  passage  ii 
eflectetl,  it  is  impossible  to  say.  We  caa  attributes  it  oaly  to  the  moveraenls  of  the  »pcr- 
tnatozoids  tbenist  1  ires^  to  capillary  action,  and  to  a  possible  peristaltic  action  of  th«f  niu** 
cular  structures,  and  must  acknowledge  that  these  points  have  as  yet  been  incapable  of 
positive  demooBtration. 

In  a  very  interesting  memoir  by  Lott^  which  contains  numerous  observation*  bearing 
upon  the  mechanism  of  conception^  the  experiments  upon  the  behavior  of  the  >»permato«.nd« 
under  the  micro&cope,  in  thy  presence  of  ciu'renta  observed  In  the  liquid  between  thotwa 
plates  of  glass,  develop  some  very  curious  points.  It  was  shown,  in  lhe»e  experimeati^. 
that  motionless  spermatozoids  followed  tlie  current;?  freely ;  that,  when  the  current  inBUf! 
part  of  the  field  was  strong,  the  moviug  spermatozoids  were  carried  along  with  it ;  buttLoti 
when  the  current  was  comparatively  feeble,  spermatozoids  endowed  with  active  movetD<mis 
ma<le  their  way,  as  it  were,  against  it.  In  reflecting  upon  Hiese  observations,  it  Iii5 
seemed  to  us  that  they  otiered  un  explanation,  to  a  certain  extent,  of  the  passa^  of  sjjcf. 
niatozoids  in  the  Fallopian  tubes  toward  the  ovaries.  It  is  undoubtedly  true  that  ih* 
ciliary  motion  in  tlte  Fallopian  tubes,  in  which  the  direction  is  from  the  ovaries  lowird 
the  uterus,  would  produce  n  feeble  current.  This  current  would  naturally  direct 
heads  of  the  spermatozoids  toward  the  interior,  provided  it  were  not  too  powerf«l, 
the  movements  of  progression  would  therefore  be  from  without  inward.  A  little 
tion  makes  it  evident  that,  with  a  feeble  current  in  the  Fallopian  tubes  from  within 
ward,  the  spermatozoids,  if  the  current  were  not  strong  enough  to  carry  them  wttlii 
could  only  progress  in  the  opposite  direction ;  but  this  cannot  explain  tlie  pannage 
spermatozoids  through  the  uterus  itnelt^  where,  according  to  the  best  nmhHritii 
ciliary  current  is  from  without  inward. 

At  regards  the  human  female,  we  canuot  give  a  definite  idea  of  the  time  reqnircd  U 
tJi©  passage  of  the  spermatozoids  to  the  ovaries  or  for  the  descent  of  the  ovum  into 
uterus ;  and  it  is  readily  understood  how  these  questions  are  almost  incapable  of  cxpei 
meotal  investigation-  We  know,  however,  that  spermatozoids  reach  the  ovaries^ 
they  have  been  seen  in  motion  on  their  i^urfaco  seven  or  eight  days  after  connection. 

There  are  many  elements  of  uncertainty  in  all  investigations  as  to  the  usual  or  li 
normal  situation  of  fecundation.     As  the  spermatozoids  are  found  in  movement  in 
parts  of  the  generative  passages,  the  question  resolves  itself  into  that  of  the  dumtiefl 
vitality  of  the  ovnm  after  its  discharge ;  and  here  we  must  rely  exclusively  n[»oD  i*\ 
rations  made  on  the  inferior  animals.     Coste,  who  demonstrated  beyond  a  doubt 
fecundation  occurs  in  fowls  at  or  very  near  the  ovary,  recognized  fully  the  dilBcnllii 
attending  similar  es|>eriments  upon  mammals.     He  fuceeeded,  however,  in  two  ol 
tions  upon  rabbit.*,  in  which  copulation  took  place  atl:er  the  period  of  heat  and  H>uie 
after  the  discharge  of  ova.     In  both  of  these,  he  found  ova  at  the  superior  extrcii 
the  cornua  of  the  uterus,  a  position  which  he  had  found  that  the  ova  reaohcnl  tow 
end  of  the  third  day.     These  ova,  which  were  apparently  advanced  in  decomj: 
preseuted  no  evidence  of  fecundation  anil  were  enveloped  in  a  dense  *odo  of  a] 
which  they  had  received  from  the  Fallopian  tultes.     They  were  surrounded  by  f] 
tozoids  in  active  movement,  but  none  had  penetrated  the  adventitious  albuminous 
eriug.     From  these  observations,  the  conclusion  is  deduced  that  fecundation  can  oi 
take  place  at  the  ovary  or  in  the  raost  dilated  portion  of  the  Fallopian  tubes.     Wh 
ire  come  to  apply  these  observations  to  the  human  subject,  we  have,  in  eonJlrmatiou 
them,  only  the  abnormal  phenomenon  of  abdominal    pregnancy,  which  cannot   oei' 
unless  the  ovum  have  been  fecundated  at  tlie  ovary,  afterward  falling  into  the  alxlomi 
cavity  instead  of  passing  to  the  nteruf».    Still,  the  fact  that  conception  may  follow 
single  intercourse  occurring  at  any  time  with  reference  tf>  the  menstrual  period  thro^ 
A  doubt  upon  the  tlteory  that  fecundation  takes  place  only  at  or  near  the  orary ; 
aiLoiher  element  of  uncertainty  is  in  the  fact  that  we  do  not  know  positively  thai  o' 
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tton  takes  place  at  any  definite  time  before,  dunng,  or  after  tbe  menBtmal  period,  Dor 
do  we  know  precisely  how  long  the  spermatozoids  may  retain  their  vitality  in  tbe  female 
generative  passages. 

The  qnestion  of  the  duration  of  vitality  of  the  spermatozoids  after  their  passage  into  the 
uteras  has  an  important  beanng  upon  tbe  time  when  conception  is  most  liable  to  follow 
sexn&I  intercourse.  The  alkaline  raucas  of  tbe  internal  organs  octaally  favors  tlieir  move- 
ments ;  tbe  movements  are  not  arrested  by  contact  with  menstroal  blood ;  and,  indeed, 
when  tbe  spermatx)zoid3  are  mixed  with  tbe  uterine  nmeus,  they  simply  change  their 
medium^  and  there  is  no  reason  to  believe  that  they  may  not  retain  their  vitality  as  well 
as  in  tbe  raucns  of  tbo  vesiculne  seminales.  We  cannot,  theretore,  tix  any  limit  to  the 
vitality  of  these  anatomical  elements  under  physiological  conditions ;  and  we  cannot  say 
positively  that  spermatozoids  may  not  remain  in  the  Fallopian  tabes  and  around  the 
ovary,  when  intercourse  has  taken  place  imrae*! lately  at\er  a  menatrnal  period,  until  the 
ovulation  following.  There  is  an  idea,  based  upon  rather  general  and  indefinite  obser- 
vation, that  conception  is  most  liaWe  to  follow  an  intercourse  wbich  occurs  soon  after  a 
monthly  perio'l ;  but  it  is^  certain  that  it  may  occur  at  any  time.  It  is  extremely  probable 
that,  during  the  unusual  sexual  excitement  wliich  tlte  fenjale  generally  experiences  after 
a  period,  the  action  of  the  internul  organs  attendiog  and  following  coitus  presents  Uie 
most  favorable  conditions  for  the  penetration  of  tbe  fecundating  elements,  and  this  may 
explain  the  more  frequent  occurrence  of  conception  as  a  consequence  of  intercourse  at 
this  time. 

JleehanUm  of  Piijttnddtwn, — In  considering  tbe  intimate  mecban ism  of  fecundation, 
we  may  be;?in  with  the  proposition  that  this  is  uccumplislied  liy  an  actuid  union  with  the 
substance  of  tbe  ovum  of  a  greater  or  ]e^  number  of  epernnitozoids.  This  fact,  which 
has  long  since  been  positively  demonstrated  by  experiments,  affords  a  material  explana* 
tion  of  hereditary  transmission,  not  only  of  maternal,  but  of  paternal  physical  and  mental 
qualities. 

There  are  many  questions  connected  with  hereditary  transmission,  which,  if  they 
were  snsceptible  of  any  thing  approaching  a  positive  scientific  explanation,  would  be  of 
great  interest  and  miglit  approin'iately  be  discussed  in  a  work  upon  idiyslology;  but, 
althonifl)  the  facts  of  hereditary  intlnence,  as  regards  the  inheritance  botli  of  physiologi- 
cal and  morbid  attributes  and  tendencies,  tbe  inlluence  of  tbe  maternal  mind  upon  the 
development  of  the  fo?tus,  tbe  eflects  of  previous  pregnancies,  etc.,  cannot  be  doubted, 
their  consideration  would  involve  little  more  than  a  mere  enumeration  of  remarkable 
phenomena. 

Tbe  first  ciuestion  which  naturally  arises,  and  which  has  engaged  the  attention  of 
ancient  as  well  as  modem  authors,  relate*^  to  the  conditions  which  determine  the  sex  of 
the  otf?*pring.  The  older  writers,  whose  exact  pliysiological  knowledge  was  conjpara- 
lively  limited,  were  able  to  present  explanations  of  some  of  the  phenomena  of  generarion, 
which  were  more  or  less  satisfactory  in  their  day;  but  many  of  these  have  been  contra- 
dicted by  more  recent  facts,  which  have  only  rendered  the  causes  of  the  phenomena  more 
ohaenre,  Iconoclaara  in  physiology  is  almost  a  necessary  consequence  of  the  acquisition 
of  definite  knowledge ;  and  too  often  the  exact  student  must  fail  to  substitute  any  thing 
to  supply  the  places  of  tbo  broken  images  of  antiquity.  This  is  illustrated  in  the  ques* 
tion  of  the  determination  of  the  sex  of  offspring.  Statistics  show  clearly  enough  the 
proportions  l)etween  male  and  female  births ;  but  nothing  has  ever  been  done  in  the  way 
of  procreating  male  or  female  children  at  will.  According  to  Longet,  the  proportion  of 
made  to  female  births  is  aliout  104  to  105,  these  figures  presenting  certain  modilications 
nnder  varying  conditions  of  climate,  se^ison,  nutrition,  etc.  It  lias  been  Bhown,  by  very 
extensive  observations  upon  certain  of  the  inferior  animals,  that  the  preponderance  of  sex 
in  births  bears  a  certain  degree  of  relation  to  the  vigor  and  age  of  the  parents;  and  that 
old  and  feeble  females  fecundated  by  young  and  vigorous  males  bring  forth  a  greater 
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number  of  males^  and  vice  cef*a  ;  but  no  exact  laws  of  this  kind  ba^e  been  foimd  applies 
ble  to  the  humim  subject.     Tbe  idea  that  one  tedticle  produces  males  and  tbe  ixhefyj 
female^^  or  that  tbc  two  ovaries  bave  dii^tinct  functions  in  this  regard,  baa  no  fuimdati 
iu  fact ;  for  men  with  one  testicle,  or  females  with  a  single  ovarj,  produce  off^ting  of| 
both  sexes. 

Two  ideas  with  regard  to  the  determination  of  sex  in  the  fcetus  have  obtained  at  dii 
ferent  times.     One  of  these  is  that  the  sex  is  dependent  upon  nutritive  or  other 
ditions  subs^queut  to  fecQudutiau,  and  the  other,  that  the  Hex  is  determined  at  tbe  1 
of  iiuiou  of  the  male  with  the  female  element.     Of  these  two  opinions,  the  weight  of  j 
evidence  upjiears  to  he  iu  tavor  of  t!»e  latter.     Aside  from  faints  in  comparative  phjdu 
ogy,  it  is  pretty  certain  that  several  sperraatozoids  are  nece&sary  for  the  feeuDdatioD  of  ^ 
a  single  ovum.     It  may  he  that,  when  just  enough  of  the  male  element  unites  with  tha  | 
ovum  to  secure  fecundation^  or  when  it  might  be  said  that  the  female  element  predoim* 
nates,  the  fti'tus  is  a  female,  and  wiien  a  greater  number  of  spemiatozoids  unite  with  tbaj 
vitellus,  the  male  sex  is  determiped.     Such  an  ideaT  however^  is  purely  theoretical ; 
the  question  <jf  the  determination  of  sex  presents  thus  far  hardly  the  shadow  of  a  satit^ 
factory  explanation. 

No  definite  rule  can  be  laid  down  with  regard  to  tlie  transmission  of  mentid  or  pbyg* 
ca!  peculiarities  to  otispring.  Sometimes  the  progeny  assumes  more  the  character  of  th« 
male  than  of  the  female  parent,  and  sometimes  the  reverse  is  tbe  case,  without  any  refer*  j 
ence  to  the  sex  of  the  child;  sometimes  there  appears  to  be  no  such  relation;  tad  | 
occasionally  we  not©  peculiarities  derived  apparently  from  grandparents.  This  b  trot  J 
with  regard  to  pathological  us  well  as  physiological  peculiarities,  as  in  inheritt^  tcodeiHj 
cies  to  certain  diseases,  malformations,  etc. 

A  peculiar,  and  it  seems  to  be,  an  inexplicable  fact  is  that  previous  pregnancies  harj 
an  induence  upon  oflspring.  This  is  well  known  to  breeders  of  animals.  If  a  pure- 
blooded  mare  or  bitch  have  been  once  covered  by  an  inferior  male,  in  subsequent  fecim-  ] 
dations  tijo  young  are  apt  to  partake  of  the  character  of  the  first  malCf  even  if  ihej  be 
afterward  bred  with  males  of  unimpeacliable  pedigree.  What  tbe  mechanism  of  the 
influence  of  the  first  conception  is,  we  can  form  no  definite  idea ;  but  tbe  fact  is  incoo- 
testable.  The  «ame  influence  is  observed  in  the  Imman  subject.  A  woman  may  hare, 
by  a  second  husband,  children  who  resemble  a  Ibrmer  husband,  and  this  is  partictdurJ; 
well  marked  in  certain  instances  by  the  color  of  the  hair  and  eyes.  A  white  woman  who 
has  had  children  by  a  negro  may  subsequently  bear  children  to  a  white  man,  tbese  chil- 
dren presenting  some  of  the  unmistakable  peculiarities  of  the  negro  rac4?. 

Superfecuiidation  of  course  does  not  come  in  the  category  of  influences  such  as  we 
have  just  mentioned.  It  is  not  infrequent  to  observe  twins,  when  two  males  have  hsd 
access  to  the  female,  which  are  entirely  distinct  from  each  other  in  their  physical  chw- 
aoter;  a  fact  which  is  readily  explained  by  the  assumption  that  two  ova  have  beefi 
separately  fecundated.  This  view  is  entirely  sustained  by  observation  and  expentneaf. 
Cases  illustrating  this  point  are  numerous,  but  we  cite  onai  simply  to  add  to  the  oumber 
of  positive  observations. 

The  f<>llowing  very  interesting  communication  was  received  in  January,  18C9,  froo 
Dr.  John  !I.  Janeway,  Assistant  Surgeon  U.  8.  A.,  and  it  iliustrates  superfccundatioa  ia 
the  human  aubjeot;  or,  at  least,  that  was  the  view  taken  by  the  negro  father: 

**  Frances  Hunt^  a  freed  woman,  aged  thirty -five  years,  gave  birth  to  twinss  February 
4,  1867,  in  New  Kent  County,  Virginia.  One  of  these  twins  was  black,  tbe  olht»r  wis 
white.  Frances  is  a  mulatto.  The  black  child  is  much  darker  than  she  is.  Previous  to 
the  parturition,  she  bad  given  birth  to  seven  children,  all  single  births.  81>e  was  liviof 
at  the  time  of  her  imprecation  in  the  family  of  a  white  man  as  houso-senraot,  aUeping 
with  a  bbick  man  at  niglit.  She  in.sists,  however,  that  she  never  had  carDal  LnUroooiia 
with  a  white  man.  She  jinihahly  does  this  because  the  black  man  turned  her  out  of  liit 
house  when  he  saw  that  one  of  the  chiJdren  was  white,** 
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Thifl  history  was  accompanied  by  an  excellent  photograph  of  the  mother  and  the  two 
children,  a  copy  of  which  is  given  in  Fijr.  286.  One  of  the  children  has  the  coh)r  and  nil 
characteristica  of  tbe  ue^o,  and  the  other  looks  like  a  white  child-  **The  mother  and 
children  were  inmates  of  Howard  Grove  Hospital  near  this  city  (Eichmond),  where  the 
picture  was  taken,  and  I  saw  them  frequently.  Both  cbihlren  are  now  dead.  The  hhick 
one  died  first,  teething,  the  other  was  killed  by  a  tobacco- plaster  applied  to  its  abdomen, 
it  is  supposed  by  its  motiier. 


-^S 


mi. 


^  >  •* 


V?n 


^Xfc.^" 


«§«.— JIfw/ 


if^  amd  the  oth^  black.    Frtim  a  photograph. 


**  The  only  negro  feature  in  the  white  child  was  its  nose.  There,  ita  resemblance  to 
lU  mother  was  perfect.     Its  hair  was  long,  lij^ht,  and  silky.    Complexion  brilliant.^^ 

We  have  already  referred  tr>  the  cnrious  fact  that,  when  a  cow  gives  birth  to  twins, 
one  male  and  the  other  female,  the  female,  which  is  called  the  free-martin,  is  sterile  and 
presents  an  imperfect  development  of  the  internal  organs  of  genenition.  This  has  led  to 
the  ide4i  that  possibly  the  same  law  may  apply  to  the  human  subject,  in  cases  of  twins, 
one  male  and  the  other  female ;  bnt  numerous  observations  are  recorded  in  gyn/rrologi- 
cal  works  showing?  the  incorrectness  of  thitj  view,  to  which  we  may  add  the  following: 
The  author  of  the  report  on  Rinderperit  to  the  New  York  State  Agricultural  Society. 
1867^  stated  tlmt  his  father  wa^  one  of  twins,  male  and  female,  and  that  bis  father's  twin 
sister  had  borne  several  children. 

It  has  long  been  a  qaestion  whether  impressions  made  upon  the  nervons  system  of  the 
mother  can  exert  an  inHuence  upon  the  fcetus  in  utero.  While  many  authors  admit  that 
violent  emotions  experienced  by  the  motlier  may  aflect  the  nutrition  and  the  general 
development  of  the  foetus,  some  writers  of  high  authority  deny  that  the  imagination  can 
iiave  any  mflnence  in  producing  defonnities.    It  must  be  admitted  that  many  of  tlie 
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remark&ble  cases  recorded  in  workB  upon  phvsiologj  as  instaEces  of  deformity  due  to  tlit 
infltiCDce  of  tlio  iiiaterDal  mind  are  iii)t  reliable.  It  h  often  the  ca&e  that,  when  a  obild 
is  born  with  ii  dofurmitj,  the  iiiotlier  iiiuigiDea  sha  can  explain  it  bj  fiome  impppnion 
received  during  pregnancy^  which  she  only  recalls  after  §he  knows  that  the  child 
deformed.  Still,  there  are  cases  which  cannot  bo  donbted,  but  which,  in  the  pre^nt 
state  of  our  knowledge  of  development  and  the  coonection  between  the  mother  and  tho^ 
fiutufl,  we  cannot  attempt  to  explain. 

Union  of  the  Male  mih  the  FemaU  Element  &f  Generation. — The  first  important  5t<?p 
in  our  positive  know  led  y;e  of  the  inechaidsm  of  fecundation  was  the  discovery  of  the 
sperinatozoids,  in  IB77,  to  which  we  have  already  referrcil ;  the  secund  was  the  demon-       '■ 
BtratioD^  by  Spallaiizani,  in  \i\^  experiments  upon  artificial  fecuDdatioD^  that«  when  thi^| 
Berainal  tiuid  is  carefully  filtered,  the  liquid  which  passes  through  has  no  fecundating^ ^^ 
properties,  the  male  element  remaining  on  tho  filter ;  and  the  third  was  the  demoD&UH- 
tion  of  the  presence  of  apermatozuids  within  the  vitelline  membrane,  showing  that  fetnui- 
dation  consists  in  a  direct  union  of  the  male  with  the  female  element. 

As  to  the  mechanistii  of  the  penetration  of  spermatozoids  to  the  vitellus^  wo  canonlf 
refer  to  the  mlcropyle  discovered  in  tlie  ova  of  ti^shes  nnd  moliusks,  which  we  bate 
already  described.  In  the  ova  of  the  Nephelis^  a  Kmall  species  of  leech,  Robin  Las  t«ao 
sperm atozoids,  to  the  number  of  several  hundreds,  penetrate  the  vitelline  membraiM^ 
always  at  one  point,  continuing  their  movcinetits  upon  the  surface  of  the  ritcUna^ 
**  Almost  always,  when  the  [penetration  has  ceased^  a  bundle  of  spermatozpids  ara 
arrested  ia  the  mlcropyle/'     We  bad  an  o])portunity  of  witnessing  a  demonstration  of 

these  phenomena  by  Prof.  Kobin,  in  1861.  in  the  ova 
of  tlie  Liniuieiis  stagnalis,  and  actually  saw  a  *ij»ep- 
matozoid  half-way  throujtth  the  vitelline  niembrancw 
According  to  nuiiierous  direct  observations,  the  sper- 
matozoida  move  actively  around  the  ovum,  collect 
toward  a  certain  point,  and  there  penetrate  the  vitel- 
line metnbrane.  Coste^  and  many  other  observefi 
whom  it  is  unnecessary  to  quote,  have  seen  the  ipei^ 
mato^coids  within  tho  vitelline  membrane^  in  the  otodd 
of  the  nil  I  bit;  and,  more  recently,  M"eil  has  seen  sp^r- 
matozoids  wedged  in  the  suhstanee  of  tho  zona  fHjIlu- 
cida,  has  ad<led  blood  fo  the  specimen  under  obscrm- 
tion,  and  has  restored  the  movementi  of  the  sptjnna- 
tozoids  while  in  this  position.  lie  has  also  seen,  in 
some  instances,  perfectly -formed  sperm  a  tozoids  in  the 
very  substance  of  the  vitclltis. 
All  direct  observations  upon  the  lower  orders  of  animals  have  shuwn  that  several  sper- 
matozoid;*  are  necessary  for  the  fecundation  of  a  single  ovum ;  but  we  have  no  definil« 
idea  of  the  number  required  in  mammals^  much  less  in  the  human  subject,  Kor  do  we 
know  what  becomes  of  the  sponnatozoids  atler  they  have  come  in  contact  with  the  vit*jb 
Ins.  All  that  we  can  say  upon  this  point  is,  that  there  is  probably  a  molecular  noioo 
between  the  two  generative  elements^  soon  to  be  followed  by  the  remarkable  series  of 
changes  involved  in  the  first  processes  of  development 


4 


Segmentation  of  the   Vittlhis, 


As  we  have  already  stated,  it  is  probable  that  the  ovum  is  fecundated,  either  jiMt 
it  enters  the  Fallopian  tube  or  in  the  dilated  portion  near  tlie  ovary.     As  it  pasi^ea  domi 
tho  tube,  whether  it  be  or  be  not  fecundated,  it  becomes  covered  with  an  albmniJiCMiB 
layer.     Tlds  layer  probably  serves  to  protect  the  fecundated  orum,  and,  when  the 
matozoids  do  not  penetrate  the  vitelline  membrane  near  the  ovary,  it  presents  an 
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to  their  passage.  Shortlj  after  fecundation^  the  germina]  vesicle  disappears;  bat  this 
occurs  in  ova  that  have  not  been  fecundated.  Soon  after  ovulation^  also,  tlio  vttvllus 
gradnallr  withdraws  itself  trom  certain  portions  of  the  vitelline  membrane,  or  heroines 
dc»fonned,  und  then  often  rotates  upon  itself;  a  phenomenon  which  Laj?  long  been  observt^d 
in  the  ova  of  some  of  the  lowest  orders  of  animal.s  and  of  rabbits.  The  deformation 
and  gjration  of  the  vitellus,  however,  have  been  observed  in  ova  before  fecundation  tmd 
have  nothing  to  do  with  the  process  of  development.  They  are  of  the  class  of  move- 
ments called  amceboid. 

After  the  penetration  of  spermatozoids  and  their  union  with  the  vitellus,  at  least  in 
man^Y  of  the  lowest  orders  of  animals^  the  appearance  of  the  vitelkus  undergoes  a  remark- 
able change,  by  which  ova  that  are  about  to  pass  through  the  first  processes  of  develop- 
ment may  be  readily  distinguished  from  those  which  have  not  Ijeen  fecundated.  This 
change  consists  in  an  enlargement  of  the  granules  and  their  more  complete  separation 
from  the  clear  substance  of  the  vitellus.  The  granules  then  refract  light  loore  rtronglj 
than  before,  so  that  the  fecundated  ova  are  distinctly  brighter  than  the  others.  This  is 
the  first  appearance  that  is  distinctive  of  fecundation. 

PohiT  Ghlide, — The  next  process  observed  io  the  ovum  is  the  separatinn  from  the 
Titellus  of  a  comparatively  clear,  rounded  mass,  called  by  Robin  the  polar  globule.  This 
body  has  been  observed  before  by  various  anatomists  and  described  under  different 
names.    The  exact  mode  of  its  formntion  has  been  studied  by  Robin  in  some  of  the  lower 
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t^r^ers  of  animals.    We  shall  describe  briefly  this  process  as  it  was  demonstrated  to  us  by 
ftobin,  in  1861,  the  description  being  taken  from  notes  made  at  that  time ; 

Five  hours  after  the  entrance  of  the  sperm atozoids,  we  see  a  little  elevation  at  one 
l^oint  in  the  vitellus.  This  h  the  beginning  of  the  polar  globule.  It  increases  in  size 
^adually,  and  becomes  constricted  at  its  base,  until  it  is  attached  to  the  vitellof  by  a 
&7 
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little  pedicle.  There  is  then,  nsnallj,  a  deeond  globule 
formed  just  behind  the  ^-st,  in  the  same  manner ;  and 
Bometimes  a  third  niAkeB  its  appearance.  As  lOon  as 
the  glohales  are  perfectly  formed,  they  all  become  de* 
tached  from  the  vitellus^  bat  remain  adherent  to  each 
other,  icrradunlly  fusing  to  form  a  single,  rounded,  very 
faintij  griinular  moss :  and  it  is  opposite  this  globule 
that  the  first  forrow  of  segmentation  of  the  vitellos  i* 
observed.  The  complete  formation  of  the  polar  globules 
and  their  fusion  into  ont»  occupy  three  hourB.  It  is  prob- 
able that  the  polar  globule  is  formed  in  the  mammalia  in 
the  manner  above  indicated.  Sometimes  the  polar  glob- 
ule is  formed  in  ova  that  hare  not  been  fecundated. 

Vitelline  Nudens, — A  short  time  after  the  complete 
formation  of  the  polar  globule,  the  germinal  vesicle  hav- 
ing disappeared,  tbe  deformed  vitelhis  renames  its  original 
rounded  appearance  and  fills  again  the  cavity  of  the  vi-  ^M 
telline  membrane.     At  this  time,  the  extreme  periphery  ^B 
of  the  vitellus  becomes  clearer,  the  granules  collect  in  a 
large  zone  around  the  centre,  and,  in  the  centre  itsclC  a 
clear,  rounded  body  makes  its  appearance,  which  Is  called 
the  nucleus  of  the  vitellus.  This  mass  is  vi{*cid,  araorphoo*, 
without  granules,  and  is  entirely  different  from  the  germi- 
nal vesicle,  having  no  nucletis  at  first,  a  nucleolus,  how- 1 
ever,  appearing  in  eacb  of  the  numerous  nuclei  which  re- 
sult from  its  segmentation.    The  formation  of  the  nuclcttsi 
of  the  vitellus  is  a  positive   evidence  of  fecundattoii.| 
It  appears  from  fifteen  to  thirty  hours  after  fecondation. 

Segmentation  of  the  Vitetltu, — Almost  immediiltly 
following  the  phenomena  we  have  just  described,  tba 
vitellus  begins  to  undergo  the  remarkaVde  proceie  of 
segmentation,  by  which  it  is  divided  into  ntuneroos 
small  cells.  This  process  may  take  place  to  a  limitid 
extent  in  non-fecuudated  ova ;  hut  in  thia  case  the 
cella  soon  dij^appear,  as  the  disintegration  of  the  onun 
advances,  Tlie  true  segmentation  of  the  vitellna,  bow- 
ever,  results  in  the  formation  of  what  are  eaUe^  Ibc 
blastodermic  celk.  As  segmentation  bas  been  stadied 
in  the  inferior  animals,  there  appears  first  a  farrow  in 
the  vitellus,  at  the  site  of  the  polar  globule,  and  there 
is  then  a  furrow  on  the  op^Kisite  side,  both  dee] 
nntil  the  entire  vitellus  is  divided  into  two  globes.  Thcee 
are  at  6rst  spherical ;  but  they  soon  bt^comc  ^Atteoed 
upon  each  other  into  two  liemispheres.  There  follow* 
then  a  similar  division  into  four,  another  into  eight,  and 
30  on,  until  the  entire  vitellus  h  divided  into  numeroas 
cells,  each  with  a  cleur  nucleus  resulting  from  the  leg- 
men tat  ion  of  the  original  nucleus  of  the  vitellus.  Il  is 
probable  that,  at  first,  the  cells  of  the  vitellns  hare  no 
membrane ;  but  a  membrane  is  soon  formed,  a  nudtos 
ap[jears,  and  the  cells  are  perfect. 
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of  the  phenomena  of  segmentation  have  been  obsefTed  in  the  lower  orders  of 
niiimals ;  bnt  there  can  be  no  donbt  that  iinfllogous  processes  take  place  in  the  bnmgn 
grimi.  In  the  rabbit,  Weil  observed,  forty-five  and  a  half  hours  after  copulutioaj  mi 
OTnm,  with  sixteen  segmentations,  sitoated  in  the  lower  third  of  the  Fallopian  tube. 
Ninetj-four  hours  after  copnlatioD,  he  observed  an  ovum,  with  a  delicate  mosaic  appear- 
aii(xs  presenting  a  small,  rounded  eminence  on  itsj  isurfacu. 

It  19  impossible  to  say  how  ]uii|^  the  process  of  segmentation  continues  in  the  bnman 
ovntn*  It  is  stated  that  it  is  completed  in  rabbits  in  a  few  days,  and,  in  dogs,  that  it  ot'ou- 
pies  raoro  than  eight  days.  When  the  cells  of  the  blastc»derm  are  cinnpletely  formed, 
Ih^/  present  a  polygonal  appearance  aa  they  are  pressed  against  the  vitelline  membrane^ 
tli«ir  inner  surface  being  rounded.  The  ovum  then  contains,  within  the  external  layer 
cf  cells,  ft  small  quantity  of  liqnid.  It  u  probal)ly  in  this  condition  that  the  ovum  passes 
from  the  Fallopian  tub©  into  the  nteru!*,  at  about  the  eighth  day  after  fecundation. 

Primitite  TVac^  <(f  ike  Emhryon. — The  colls  formed  by  the  segmentation  of  the  vitel- 
los.  after  this  proceiss  is  completed*  are  arranged  in  the  form  of  a  membrane  i  the  blasto- 
dermic membrane). which  is*  farther  subdivided,  m  development  advances,  into  layers, 
which  will  be  folly  descrilxMl  hereafter.  The  albuminous  covering  which  the  ovum  has 
received  in  the  upper  part  of  the  Fallopian  tube  gradually  liquefies  and  penetrates  the 
TiteUine  membrane,  furnishing,  it  is  thought,  matter  for  the  nourishment  and  develop- 
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ment  of  the  vitellua.  In  the  Fallopian  tube,  indeed,  the  adventitious  albuminona  cover- 
ing of  tlie  ovum  presents  im  analogy  to  the  albuminous  coverings  which  the  eggs  of 
uviiiarous  animals  receive  in  the  oviducts;  with  the  difference  that  this  albuminous 
matter  is  almost  the  sole  source  of  nourishment  in  the  latter,  and  exists  in  large  quantity, 
while,  in  viviparous  animals,  the  quantity  is  small,  is  generally  consumed  tis  the  ovimi 
parses  into  the  uterus,  and,  in  the  uterus,  the  ovam  forms  attachments  to  and  draws  its 
nourishment  from  the  vascular  system  of  the  mother. 

At  the  period  when  the  fecundated  ovum  enters  the  uterus,  it  has  iijcrease«i  in  size 
about  five  times.  It  is  then  composed  of  an  eartemal  covering  (the  vitelline  membrftne) 
with  a  cellular  membrane  internal  to  this  (the  blastodermic  menibrane)  and  a  certain 
amoiiDt  of  liquid  in  its  interior. 

8oon  after  the  formation  of  the  single  blastodermic  membrane,  at  a  certain  point  on 
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its  surface^  there  appears  a  rounded  elevation  or  heap  of  smaller  cella,  forraiDg  a  < 
spot,  culled  the  embryonic  spot.  As  development  adv/mces^  this  spot  becomes  elongated 
and  oval  It  is  then  surrounded  by  a  clear,  oval  area,  called  the  area  peUuci<Ia,  and  the 
area  pellacida  is  itself  surrounded  by  a  ^one  of  celbf  more  granular  and  darker  than  the 
rest  of  the  blastoderm.  The  elongated  line  thus  formed  and  surrounded  by  the  ar 
pelluoida  h  called  the  primitive  trat-e.  it  has  been  ehowa,  however,  that  this  pHiuilivi 
trace,  or  primitive  groove,  is  a  temporary  structure  and  haj§  nothing  to  do  with 
development  of  the  neural  canaK  After  the  groove  is  formed,  there  appears  in  front  i 
but  not  continuous  with  it,  a  new  fold  and  a  groove  leading  from  it.  This  is  the  ''  hei 
fold^-'  and  the  groove  is  the  true  medullary  groove,  which  is  subseijoently  developed  ini 
the  neural  canal.  If  we  adopt  this  view — and  the  difference  is  not  very  importiint — w<» 
simply  substitute  the  new  trace,  which  is  the  seat  of  the  development  of  the  neural  ca 
for  the  original  [primitive  trace,  which  ia  temporary.  It  is  probable  thnt  embryoluffiil 
have  heretofore  noted  the  so-called  primitive  trace  and  studied  gubijeqiiently  the  develo 
ment  of  tUo  true  medullary  groove,  auppoainp  that  they  were  identical  structorea  ixi 
ferent  stages  of  formation,  and  not  obsernng  that  the  first  trace  disappears. 

Blastodermic  Layers.— i^horth-  after  the  appearance  of  the  primitive  trace,  the 
dermic  cells,  which  are  at  fir^t  arranged  so  as  to  form  a  single  membrane,  separate 
layers.     These  layers  have  been  differently  described  by  various  observers,  and  there  ii 
Bome  uncertainty  with  regard  to  the  application  of  direct  researches  made  upon  the  chic] 
in  which  most  of  these  early  processes  of  development  have  been  studied,  to  the  mi 
malia  and  the  human  subject.     We  shall  endeavor  to  describe  the  different  layers  m 
siuiple  a  manner  as  is  consistent  with  our  positive  knowledge,  omitting  all  points  thai 
unsettled  or  which  seem  to  be  of  minor  imjiortance. 

The  blastodermic  cells,  resnlting  originally  from  the  segmentation  of  the  vitellus,  aiij 
first  apparently  split  into  two  layers,  which  may  be  termed  the  external  and  the  inte 
blastodermic  membranes.     According  to  the  most  recent  observations,  the  main  peril 
of  the  external  layer,  sometimes  called  the  serous  layer,  simply  forms  a  temporary  inv( 
ment  for  the  rest  of  the  vltellus  and  ia  not  developed  into  any  part  of  the  embryon.    Tli< 
internal  hiyer,  oallod  the  mucous  layer,  la  developed  into  nothing  bat  the  cpithcltjil  liiiifl( 
of  the  alimentary  canal.    There  is  a  thickening  of  both  of  these  layers  at  the  line  of 
opment  of  the  cerebro-^pinal  system,  with  a  furrow,  which  is  finally  enclosed  hy  tmtl 
vation  of  the  ridges  and  their  union  posteriorly,  fonning  the  canal  fnr  the  spinal  cord. 

As  the  spinal  canal  is  thus  developed,  n  new  layer  is  formed,  by  a  genesit*  of  cells  frwi 
the  internal  surface  of  the  original  external  layer  and  the  opposite  surface  of  the  intemil, 
or  mucous  layer     This  layer  of  new  cells  may  be  termed  the  intermediate  layer;  a&d 
is  from  this  that  nearly  .ill  the  parts  of  the  erobryon  are  developed. 

To  summarize  the  development  of  the  layers  just  mentioned,  we  may  state  that 
external  layer  is  a  temporary  structure;  the  internal  layer  is  very  thin  and  is  fcff  | 
development  of  the  ej^itheliid  lining  of  the  alimentary  canal ;  the  most  important       ^ 
is  a  thick  layer  of  cells,  developed  from  the  opposite  surfaces  of  the  external 
internal  layer  and  situated  between  them,  called  the  intermediate  layer;  andlthfpm 
these  cells  that  the  greatest  part  of  the  embryon  is  formed. 


Formation  of  tht  ^ftittbrams. 

The  brief  description  we  have  jnst  given  of  the  formation  of  the  blaatodennio  bw 
aoomed  necessary  as  an  introduction  to  the  study  of  the  membranes ;  and  wi?  ithall  <lvlvf* 
for  the  present,  the  description  of  their  development  into  the  different  parts  oi  tW 
embryon. 

In  the  mammalia,  a  portion  of  the  blastoderm  is  developed  into  meral>r  lii'l' 

n  communication  and  union  are  estaldisihed  lietvveen  the  ovurn  and  the  mu  ^^* 

of  the  ntenis.     From  the  ovum,  two  membranes  are  developed;  one  non-vaistalarjll^J 
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amnioD,  and  anotlier  vascular,  the  allantois.  From  the  mucous  membrane  of  the  uterus, 
are  developed  the  two  layers  of  the  decidua.  At  a  certain  part  of  the  uterus,  a  vascular 
connection  is  established  between  the  mucous  membrane  and  the  allantois,  and  the  union 
of  these  two  structures  forms  the  placenta.  The  foetal  portion  of  the  placenta  is  con- 
nected with  the  foetus  by  the  vessels  of  the  umbilical  cord ;  and  the  maternal  portion  is 
connected  with  the  great  uterine  sinuses.  Development  takes  place  from  material  sup- 
plied to  the  foetus  by  the  blood  of  the  mother. 

The  external  covering  of  the  ovum,  during  the  first  stage  of  its  development,  is  the 
vitelline  membrane.  As  the  ovum  is  received  into  the  uterus,  the  vitelline  membrane 
develops  upon  its  surface  little  villosities,  which  are  non- vascular  and  are  formed  of  amor- 
phous matter  with  granules.  These  are  the  first  villosities  of  the  ovum,  and  they  assist 
in  fixing  the  egg  in  the  uterine  cavity.  They  are  not  permanent,  they  do  not  become 
developed  into  the  vascular  villosities  of  the  chorion,  and  they  disappear  as  the  true 
membranes  of  the  embryon  are  developed  from  the  blastodermic  layers.  It  is  probable 
that  the  vitelline  membrane  disappears  about  the  fourth  or  fifth  day,  when  it  is  replaced 
by  the  amnion. 

Formation  of  the  Amnion, — As  the  ovum  advances  in  its  development,  it  is  observed 
that  a  portion  of  the  blastoderm  becomes  thickened,  to  form  the  first  trace  of  the  embryon. 
At  this  portion,  where  the  body  of  the  embryon  subsequently  makes  its  appearance,  as 
we  have  already  seen,  we  have  the  external  layer,  the  internal  layer,  and  a  thick,  inter- 
mediate layer  of  cells,  which  are  developed  from  the  opposite  surfaces  of  the  external  and 
the  internal  layer,  called  the  middle  layer.  At  nearly  the  time  when  this  thickening  begins, 
a  fold  of  the  external  layer  makes  its  appearance,  surrounding  the  thickened  portion,  and 
most  prominent  at  the  cephalic  and  the  caudal  extremity  of  the  furrow  for  the  neural  canal. 
This  fold  increases  in  extent  as  development  advances,  passes  over  the  dorsal  surface  of 
the  embryon,  and  finally  meets  so  as  to  enclose  the  embryon  completely.  We  can  readily 
figure  to  ourselves  this  process  and  understand  how,  at  a  certain  period  of  the  develop- 
ment of  the  amnion,  this  membrane  consists  of  an  external  layer,  formed  of  the  external 
layer  of  the  fold,  and  an  internal  layer ;  the  point  of  union  of  the  two  layers,  or  the  point 
of  meeting  of  the  fold,  being  marked  by  a  membranous  septum. 

The  two  amniotic  layers  are  formed  in  the  way  that  we  have  just  described,  and  a 
complete  separation  finally  takes  place,  by  a  disappearance  of  the  septum  formed  by  the 
meeting  of  the  folds  over  the  back  of  the  embryon.  This  process  occupies  four  or  five 
days  in  the  human  ovum.  The  point  where  the  folds  meet  is  called  the  amniotic  umbili- 
cus. When  the  amnion  is  thus  completely  formed,  the  vitelline  membrane  has  been 
encroached  upon  by  the  external  amniotic  layer  and  disappears,  leaving  this  layer  of  the 
anmion  as  the  external  covering  of  the  ovum.  At  this  time,  there  is  a  growth  of  villosi- 
ties upon  the  surface  of  the  external  amniotic  layer,  which,  like  the  villosities  of  the  vitel- 
line membrane,  are  not  vascular. 

Soon  after  the  development  of  the  amnion,  the  allantois  is  formed.  This  membrane 
IS  vascular,  encroaches  upon  and  takes  the  place  of  the  external  amniotic  membrane, 
becomes  villous,  and  its  villosities  take  the  place  of  those  of  the  amnion.  Over  a  certain 
portion  of  the  membrane,  the  villosities  are  permanent.  The  mode  of  development  of  the 
amnion,  as  we  have  described  it,  is  illustrated  by  the  diagrammatic  Fig.  291.  This  figure 
illustrates  the  formation  of  the  amnion,  the  umbilical  vesicle,  and  the  allantois.  The  last  two 
structures  are  not  derived  from  the  external  blastodermic  layer,  and  they  will  be  described 
farther  on,  after  we  have  studied  the  full  development  of  the  amnion  and  its  relations. 

When  the  allantois  has  become  the  chorion,  or  the  external  membrane  of  the  ovum, 
having  taken  the  place  of  the  external  layer  of  the  amnion,  the  structures  of  the  ovum 
are  the  following:  1.  The  chorion,  formed  of  the  two  layers  of  the  allantois,  derived  from 
the  internal  blastodermic  membrane,  and  penetrated  by  blood-vessels.  2.  The  umbilical 
cord,  which  connects  the  embryon  with  the  placental  portion  of  the  chorion,  and  the  um- 
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bilical  vesicle,  formed  from  the  same  layers  as  the  alhrntoiB.  IS.  The  amnion  which  U  the 
internal  layer  of  the  amniotic  fold,  persisting  throughout  the  whole  of  fceta!  life.  4.  The 
embryon  itaelf. 

During  the  early  stages  of  development  of  the  umbilical  vesicle  and  the  allantols^  the 


Fm.  ttly— #Vm  diaQretmm^nic  rtprtsmkxtiimM  q^thefarmati^m  qfths  mtmbrantt  in  ih4  mammalio^  (SSQEbr^  * 

Fig.  1 :  a,  n\  tixUfroMl  by^r  of  tbe  bliUtcMlonn :  *!,  vlttflll&c  tiicmtiraa«;  d\  rftU  on  the  iii«aiD«  membnuBc ;  4«  titlvr 

ml  layer  of  tlw  bttstodcrtn ;  trh  »«',  middk'  lavor, 
riQ,  9:  a\  extcroal  liyer  of  the  amnion;  tl,  tl\  viteUiiiP  rnvmbnu^;  #,  embrjOfii ;  dt,  amiilUc«]  T«ilclr:  wL  t«.t«, 

folds  ottb^  amnion ;  d  d,  m',  «t.  iiit^inmi  Invcr  of  the  blflatodtiirtn ;  dd,  co[iii{>cttic»t)  of  the  embryoii  ^tb  tb*  vk 

blUcal  Testdt'. 
Fig.  S:  d,d\  vitellkte  int'inbrano;  r/.  Intirod  ftomlotio  layer;  *.  cmbrroD;  a  A,  fttnolotte  csril^;  $K*K  wtHaa^ 


vnsik^c  Ijiycr ;  *i  tn,  §  pace  betwe«^n  the  two  ky«t«  of  tiM  •0Ulk»B ;  do,  lotern*!  layer  of  the  blaMod^sna :  <f/'.  #  <  i. 
wttU«  «if  thv  umlHUml  vesiclr ;  d  (/,  oiiipbalD-iDaMiiitttic  cuwl;  da^  cavity  uf  the  QtobUlcBl  vaaM* ;  <t  I,  wvt  if^ 
Itcmrance  ol  tUci  at^ntols. 


Fto.  4:  §h,extfTti»l  layer  of  tbc  amnion :  #*.  viUI  of  the  cxtcmfti  layer  of  tba  aainloiiu  wblcb  _,     _  . 

obi»ri«>n,  the  x\tt>\Um'  raembreDt'  tiavliijr  dl*d^fn»fln'«i ;  hh,  rtn)  ihlenuil  layer  of  tb*«  acanloo ;  *,  eili1«fa«;  #1 
nmniotir  rarity;  t/ g,  onmhalo-mejieaterit  rnnal;  d§,  cavity  of  tbv  iimbliical  veclcKs  ^A  aliuitols;  f,  ffNt*  ^ 
twet-n  Uio  twti  byiT«  of  tin?  amnton. 

Km.  ft:  fA,  *  A,  rA,  ^i  /,  allantoic  <wrb1rh  ban  nrm-  l^iccotne  tbe  chorion,  the  extor&a)  jmmUttlc  layt^r  tunl^ 
J>«ir<»dX  vrlth  lu  villi ;  a  jn^  amnion  ;  n  *»  attiototlc  covtiing  of  the  uinbUkml  c^trd :  r.  «(j«ce  bctirreo  tk# 
and  thfi  aliaotota ;  a *, amnloilc *uvHv ;  d #.  omblUcal Tealele ;  d g.  ompbalo-meseiiTcrk 
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internal  amniotic  layer,  or  the  true  amniotic  membrane,  is  closely  applied  to  the  surface 
of  the  embryon  and  is  continuous  with  the  epidermis  at  the  umbilicus.  It  is  then  sepa- 
rated from  the  allantois  by  a  layer  of  gelatinous  matter ;  and  in  this  layer,  between  the 
amnion  and  the  allantois,  is  embedded  the  imibilical  vesicle.  At  this  time,  the  umbilical 
cord  is  short  and  not  twisted.  As  development  advances,  however,  the  inter-membra- 
nous gelatinous  matter  gradually  disappears ;  the  cavity  of  the  amnion  is  enlarged  by  the 
production  of  a  liquid  between  its  internal  surface  and  the  embryon ;  and,  at  about  the 
end  of  the  fourth  month,  the  amnion  comes  in  contact  with  the  internal  surface  of  the 
chorion.  At  this  time,  the  embryon  floats,  as  it  were,  in  the  amniotic  cavity,  surrounded 
by  the  amniotic  fluid.  The  amnion  forms  a  lining  membrane  for  the  chorion ;  by  its 
gradual  enlargement  it  has  formed  a  covermg  for  the  umbilical  cord ;  and,  between  it  and 
the  cord,  is  the  atrophied  umbilical  vesicle.  The  amnion  then  resembles  a  serous  mem- 
brane, except  that  it  is  non-vascnlar.  It  is  lined  by  a  single  layer  of  pale,  delicate  cells 
of  pavement-epithelium,  which  contain  a  few  fine,  fatty  granulations.  At  term,  the  am- 
nion adheres  to  the  chorion,  though  it  may  be  separated,  with  a  little  care,  as  a  distinct 
membrane,  and  may  be  stripped  from  the  cord.  From  its  arrangement  and  from  the 
absence  of  blood-vessels,  it  is  evident  that  this  membrane  is  simply  for  the  protection  of 
the  foetus  and  is  not  directly  concerned  in  its  nutrition  and  development.  (See  Plate 
III.,  Fig.  2,  facing  page  922.)  The  gelatinous  mass  referred  to  above,  situated,  during 
the  early  periods  of  intra-uterine  life,  between  the  amnion  and  the  chorion,  presents  a 
semifluid  consistence,  and  it  is  marked  by  the  presence  of  numerous  very  delicate,  inter- 
lacing fibres  of  young  connective  tissue  and  fine  grayish  granulations  scattered  through  its 
substance.  These  fibres  gradually  develop  as  the  quantity  of  gelatinous  matter  diminishes 
and  the  amnion  approaches  the  chorion,  until,  finally,  it  forms  a  rather  soft,  reticulated 
layer,  which  is  sometimes  called  the  membrana  media. 

Amniotic  Fluid, — ^The  process  of  enlargement  of  the  amnion  shows  that  the  amniotic 
fluid  gradually  increases  in  quantity  as  the  development  of  the  foetus  progresses.  At 
term,  the  entire  quantity  is  variable,  being  rarely  more  than  two  pints  or  less  than  one 
pint.  In  the  early  periods  of  utero-gestation,  it  is  clear,  slightly  yellowish  or  greenish, 
and  perfectly  liquid.  Toward  the  sixth  month,  its  color  is  more  pronounced,  and  it  be- 
comes slightly  mucilaginous.  Its  reaction  is  usually  neutral  or  faintly  alkaline,  though 
sometimes  it  is  feebly  acid  in  the  latest  periods.  It  sometimes  contains  a  small  quantity 
of  albumen,  as  determined  by  heat  and  nitric  acid ;  and  there  is  generally  a  gelatinous 
precipitate  on  the  addition  of  acetic  acid.  The  following  table,  compiled  by  Robin,  gives 
its  chemical  composition : 

Composition  of  the  Amniotic  Fluid, 

Water •. .  991  00  to  97500 

Albumen  and  mucosine 082  "     10*77 

Urea 200  "      SSO 

Creatine  and  creatinine  (Scherer,  Robin  and  Yerdeil) not  estimated 

Lactate  of  soda  (Vogt,  Regnauld) a  trace 

Fatty  matters  (Reee,  Mack) 013  to      1*25 

Glucose  (CL  Bernard) not  estimated 

Chloride  of  sodium  and  chloride  of  potassium 2*40  to      6*95 

Chloride  of  calcium a  trace 

Carbonate  of  soda a  trace 

Sulphate  of  soda a  trace 

Sulphate  of  potassa  (Rees) a  trace 

Calcareous  and  magnesian  phosphates  and  sulphates 1*14  to      1'72 

The  presence  of  certain  of  the  urinary  constituents  in  the  amniotic  fiuid  has  led  to  the 
view  that  the  urine  of  the  foetus  is  discharged,  in  greater  or  less  quantity,  into  the  am- 
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uiotio  cavity.    Bernard,  who  is  cited  in  the  above  table  as  having  determined  the  ] 
«nce  of  sugar  in  the  amniotic  fluid,  has  shown  that,  in  animals  with  a  multiple  placent 
the  amnion  hiis  a  glycogenic  function  daring  the.  early  part  of  inlra-uterine  existence. 

With  regard  to  the  origrin  of  the  amniotic  fluid,  it  is  impossible  to  say  how  mnch  of  it 
is  derived  from  the  general  surface  of  the  foetus,  bow  much  from  the  urine,  and  bowj 
much  from  the  amnion  itself,  by  trausudation  from  th©  vascular  structures  beneath  ' 
membraue.     The  quantity  is  apparently  too  great,  especially  in  the  early  months,  to  1 
derived  entirely  from  the  urine  of  the  fa3tus,  and  there  is  probably  nn  exudation  from  ihlj 
general  surface  of  the  foetuis  and  from  the  membranes*     After  the  third  month,  th©  neh 
coous  secretion  from  the  skin  of  the  foetus  prevents  the  absorption  of  any  of  the  liquid. 

An  important  property  of  the  amniotic  fluid  is  that  of  resisting  putrefaction  and  i 
preserving  dead  tissues.     It  is  stated  by  Robin  to  be  the  best  fluid  for  the  presenrntioil^ 
of  the  embryonic  tissues,  when  it  is  desired  to  keep  them  for  examination. 

Formation  of  the  Umbilical  VuicU. — As  the  visceral  platea,  which  will  be  dcocrib^ 
hereafter,  close  over  the  front  of  the  embryon,  that  portion  of  the  blastoderm  from  whidi 
the  intestinal  canal  is  developed  presents  a  vesicle,  which  is  cut  off,  as  it  were,  from  the 
abdiiminal  cavity,  but  which  still  communicates  freely  with  the  intestine.     This  is  the  anj- 
bilical  vesicle.     On  its  surface,  is  a  rich  plexus  of  blood-vessels ;  and  this  is  a  very  important 
organ  in  birds  and  in  many  of  the  lower  orders  of  animals.     In  the  human  subject  and  i 
mammals^  however,  the  umbilical  vesicle  is  not  so  important,  as  nutrition  is  effect^  I 
means  of  vascular  connections  between  the  chorion  and  the  uterus.     The  vesicle  b<»comi 
gradually  removed  farther  and  farther  from  the  embryon,  as  development  advaocn^  1 
the  elongation  of  its  pedicle,  and  it  is  compressed  between  the  amnion  and  the  ehocioil  \ 
the  former  membrane  becomes  dlis^tended. 

When  the  umbilical  vesicle  is  formed,  in  the  way  which  we  have  indicated,  it  reccitt 
two  arteries  from  the  two  aorta?,  and  the  blood  is  returned  to  the  embryon  by  two  xnxi\ 
which  open  into  the  vestibule  of  the  heart.     These  are  calle<i  the  omphalo^mesetiteril 
vessels.    At  about  the  fortieth  day,  one  artery  and  one  vein  disappear,  and,  soon  $!tittA 
all  vascular  connection  with  the  embryon  is  abolished.     At  first  there  is  a  canal  of  cciuhI 
munication  with  the  intestine,  called  the  omphalo-mesenteric  canal.     This  is  gradwtfl/ 
obliterated,  and  it  closes  at  the  thirtieth  or  the  thirty-fifth  day.    The  point  of  commuaiei- 
tion  of  the  vesicle  with  the  intestine  is  called  the  intestinal  umbilicus;  and,  early  In  tb^ 
process  of  development,  there  is  her©  a  true  hernia  of  a  loop  of  intestine^     The  umbiJicilJ 
vesicle  remains  as  a  tolerably  prominent  structure  as  late  as  the  Ibnrth  or  fifth  raontli,! 
but  it  may  otYen  be  discovered  at  the  end  of  pregnancy. 

The  utiibtlieal  vesicle  presents  three  coats ;  an  external,  smooth  membrane,  formrdj 
of  connective  tissue,  a  middle  layer  of  transparent,  polyhe<lric  cells,  and  an  internal  1 
of  spheroid.'il  cells.     The  membrane,  compuseii  of  these  layers,  encloses  a  pulpy  i 
composed  of  a  liquid  containing  cells  and  yellowish  granulations* 

Farmation  of  the  Allantoic  and  tk^  Permanent  Chorwn, — During  the  early  stafwot 
development  of  the  umbilical  vesicle,  and  while  it  is  being  shut  off  from  the  int^ioeSt  j 
there  appears  an  elevation  at  the  posterior  portion  of  the  intestine,  which  rapidl;  in-l 
creases  in  extent,  until  it  forms  a  membrane  of  two  layers,  which  is  sitnated  betwtXBi 
the  internal  and  the  external  layer  of  the  amnion.     This  membrane  becomes  rtacnlir* 
early  in  the  progress  of  its  development,  increases  in  size  quite  rapidly,  and  finally  com- 
pletely encloses  the  internal  layer  of  the  amnion  and  the  embryon,  the  gelatinous  ix)8«i ' 
already  described  being  situuted  between  it  and  the  internal  amniotic  layer,  bt^forv  tlit*] 
membrane  becomes  enlarged.     While  the  formation  of  the  two  layers  of  the  aUautot^i*  [ 
quite  distinct  in  cert.'un  of  the  lower  orders  of  animals,  in  the  human  subject  and  io  mfltn- 
mala,  it  is  not  so  easily  observed  ;  still  there  can  be  no  doubt  as  to  the  mechanism  of  tt<  | 
formation,  even  in  the  human  ovnim.     Here,  however,  the  allantois  soon  becomes  a  ^iDgl^' 
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niembraoe,  the  two  original  layers  of  which  cannot  be  separated  from  each  other.  The 
process  of  the  development  of  the  allantois  is  shown  in  the  diagrammatic  Figare  291 
(3,  4,  5). 

It  is  the  vascnlaritj  of  the  allantois  which  cnn^s  the  rapid  development  bj  which  it 
mvades  and  finally  supefisedes  the  external  layer  of  the  amnion^  becoming  the  permanent 
chorion^  or  exteroal  membrane  of  the  ovum.  At  first  there  are  two  arteriea  exteriiJing 
into  this  membrane  from  the  lower  portion  of  the  aorta^  and  two  veins.  The  two  arte- 
rjefl  persist  and  form  the  two  arteries  of  the  umbdical  cord»  coming  from  the  internal 
iliac  arteries  of  the  fcetiis ;  and  the  two  veins  are  reduced  to  one,  the  umbilicid  vein, 
which  returns  the  blood  from  the  placenta  to  the  foetus,  Thes«  vessels  are  connected 
with  the  peniianent  vascular  tufts  of  the  chorion. 

The  development  of  the  allantois  cannot  be  well  observed  in  human  ova  before  the 
fifteenth  or  the  twenty-fifth  day.     We  have  already  noted  the  formation  of  villosities^ 

first  upon  the  vitelline  membrane,  and 
next  upon  the  external  amniotic  mem- 
brane, and  we  have  seen  that  both  of 
these  membranes  are  temporary  fitmct- 
ures.  As  the  vascular  allantois  en- 
croaches upon  the  external  amniotic 
layer,  the  villosities  become  vascular; 
and,  when  the  ftllantois  becomes  the  per- 
manent chorion^  it  is  marked  by  a  mul- 
titude of  compound  villi  over  its  entire 
surface,  which  give  the  ovum  a  s»haggy 
appearance.  It  is  difficult  to  say  w*h ether 
new  villi  appear  upon  the  allantois,  or 
whether  the  villi  of  the  amnion  are  pene- 
trated by  the  vcsst^ls  of  the  allantois; 
bnt  it  is  certain  that  the  true  or  perma- 
nent chorion  presents  upon  its  surface 
vflseular  villi.  As  the  ovum  enlarges, 
over  a  certain  area  surrounding  the  point 
of  ottachment  of  the  pedicle  which  con- 
nects it  with  the  embryon,  the  villi  are 
developed  more  rapidly  than  over  the  rest  of  the  surface.  Indeed,  as  tlie  egg  becomes 
larger  and  larger,  the  villi  of  the  surface  outside  of  this  area  become  more  and  more 
scanty,  lose  their  vascularity,  and  fiimlly  disappear.  That  portion  upon  whicli  the  villi 
persist  and  increase  in  length  and  in  the  number  of  their  branches  is  destined  to  form 
connections  witli  the  mucous  membrane  of  the  uterus,  aufl  it  constitutes  the  foetal  portion 
of  the  placenta*  This  change  begins  at  about  the  end  of  the  second  month,  and  the  pla- 
centa becomes  distinctly  limited  at  about  the  end  of  tiic  third  mouth. 

It  must  be  remembered  that,  a^  the  changes  progress  which  result  in  the  formation  of 
the  peroianent  chorion  and  the  limitation  of  the  fretal  portion  of  the  placentn,  the  forma- 
tion of  the  umhilical  vesicle  and  the  enlargement  of  the  amnion  are  also  going  on.  The 
amnion  is  gradually  becoming  distended  by  tljo  increapjc  in  the  quantity  of  amniotic 
fluid.  It  reaches  the  internal  surface  of  the  choritui  at  about  the  end  of  the  fourth  mouth, 
extends  over  the  umbilical  cord  to  form  its  external  covering,  including  the  cord  of  the 
umbilical  vesicle,  and  the  umbilical  vesicle  itself  lies  in  the  gelatinous  matter  between 
the  two  membranes* 

At  about  the  beginning  of  the  fifth  month,  then,  the  ovum  is  constituted  as  follows : 
The  fcBtus  floats  freely  in  the  amniotic  fluid,  attached  to  the  placenta  by  the  umbdi- 
cal  cord  ;  the  chorion  presents  a  highly-va^ular,  thickened,  and  villous  portion,  the  fcTtal 
portion  of  the  placenta ;  the  rest  ot'  the  chorion  is  a  simple  membrane,  without  villi  and 


Fw.  Sti%^>^Bmaan  etnLryon  at  iK«  third  tr^Jt^  ahi^Hng 
villi  eovtring  the  entire  ehoriotK    (HicckcL) 
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wfthoQt  blood-vessels ;  the  amnioD  lines  the  internal  surface  of  the  chorion  and 
forms  the  exteroal  covering  of  the  urrtbilical  cord ;  the  umbiltciil  vesicle  has  b^cod 
atrophied  and  has  lost  its  vascularity;  the  hernia  at  the  point  of  connection  of  the  nil 
bilical  vesicle  with  the  intestine  of  the  fcotua  has  closed ;  and,  iinally,  the  I'eetus  hiis  uoda 
gone  a  considerable  degree  of  development* 

It  now  remains  tor  us  to  study  the  atracture  of  the  umbilical  cord,  the  membra 
formed  from  the  mucous  membrane  of  the  uterus^  or  the  membraniB  decidual,  and 
mode  of  development  and  the  structure  of  the  placenta. 


i 


UmbUieal  Cord, — From  the  description  we  have  given  of  the  mode  of  developmeDt 
of  the  chorion  and  the  amnion^  it  is  evident  that  the  umbilical  cord  is  nothing  more  than 
the  pedicle  which  oonnects  the  embryon  with  that  portion  of  the  chorion  which  ent 
into  the  structure  of  the  phicenta.  It  16^  indeed,  a  process  of  the  allantois,  in  which 
vessels  eventually  become  the  most  ioiportant  structures.  The  cord  is  distinct  at  al 
the  end  of  the  first  month ;  and,  as  development  advances,  the  vessels  consist  of 
arteries  coming  from  the  body  of  the  icQt\i%  which  are  usually  twisted  from  left  to  rigbt 
around  the  single  umbilical  vein.  In  addition  to  the  spiral  turns  of  the  arteriea 
the  veinsj  the  entire  cord  may  be  more  or  less  twisted,  probably  from  the  movemcnti 
the  foetus* 

The  fully -developed  cord  extends  from  the  umbilicus  of  the  foetus  to  the  ccaitrmi 
tion  of  the  placenta,  in  which  its  insertion  is  usually  oblique;  though  it  may  be  m^\ 
at  other  points,  and  even  outside  of  the  border  of  the  placenta,  its  vessels  peai 
this  organ  from  the  side.  Its  usual  lengtb,  which  varies  very  considerably^  is  aboiil 
twenty  inches.  It  has  been  observed  as  long  as  sixty,  and  as  short  as  seven  indMa 
When  the  cord  is  very  long,  it  sometimes  presents  knots,  or  it  may  be  wound  around  tk 
neck,  the  body,  or  any  of  the  members  of  the  fa-tns ;  and  this  can  only  be  accounted 
by  tbo  movements  of  the  fcetus  in  utero. 

The  ext^rnd  covering  of  the  cord  is  a  process  of  the  amnion,  which,  as  it  o: 
over  the  vessels,  includes  a  gelatinous  substance  (the  gelatine  of  Wharton)  which 
rounds  the  vessels  and  protects  them  from  coraprespjon.  This  gelatinous  aul 
identical  with  the  so-called  membrana  intermetlia,  or  the  substance  included  bet 
amnion  and  the  chorion.  The  entire  cord,  covered  with  the  gelatine  of  Whart 
the  amnion,  is  usually  about  the  size  of  the  little  finger.  According  to  Bobin, 
mal  cord  will  sustain  a  weight  of  from  ten  pounds  and  ten  ounces  to  twelve  poundt^ 
twelve  ounces  avoirtlupois.  As  the  amniotic  fluid  accumnlateB  and  distends  the  amsiuitit' 
membrane,  it  becomes  more  and  more  closely  applied  to  the  cord.  This  pressure  eitcaik 
from  the  placental  attachment  of  the  cord  toward  the  fa4us  and  gradually  force*  itiWl 
the  abdomen  of  the  tVetus  tlie  loop  of  intestine,  which,  in  the  early  periods  of  iutn* 
uterine  life,  forms  an  mnbilical  hernia. 

It  is  generally  stated  by  writers  upon  embryology  that  the  vessels  of  the  cord  prt#Ml 
no  valves;  but  recent  observations  have  demonstrated  the  presence  of  semilunar  <bl«K 
both  in  the  vein  and  in  the  arteries.  These  are  simple  inversions  of  the  walls  of  the  r^ 
sels ;  and  they  do  not  exist  in  pairs,  Dor  do  they  seem  to  influence  the  current  of  blood 
In  the  arteries,  these  fokls  are  situated  at  intervals  of  from  half  an  inch  to  two  In  b*^* 
and  they  are  more  abundant  where  the  vessels  are  very  contorted.  In  the  vein,  tin  ; 
are  most  abundant  near  the  placenta ;  they  are  very  irregularly  placed,  and,  in  a  ]►  ii^t !)  i 
four  inches,  fifteen  folds  were  found.  It  is  not  apparent  that  these  folds  have  any  j.ii^.ML- 
logical  importance. 

As  the  allantoic  i.s  developed,  it  presents,  in  the  early  stages  of  its  fomuitioii,  tkl# 
portions;  an  external  portion,  which  becomes  the  chorion,  an  internal  portion,  tiicJriH" 
in  the  body  of  the  embryon,  and  an  intermediate  portion.    The  intermediate  puftJeo, 
w©  have  seen,  becomes  the  umbilical  cord.     As  the  umbilicus  of  the  fa«tns  closej  aroan^ 
the  cord,  it  shuts  off  a  portion  of  the  allantois  contained  in  the  abdominal  cavity,  wbicll 
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becomes  the  urinflry  bladder;  but  there  is  a  temporarj  cammunicatioo  between  the  uiter- 
nal  portion  and  the  lower  portion  of  the  cord,  which  is  called  the  urachus.  TLia  i»  gen- 
erallj  obliterated  before  birth  and  is  reduced  to  the  condition  of  an  iroperviotiB  cord ; 
but  it  may  persist  during  the  whole  of  iutra-uterine  life,  in  the  form  of  a  narrow  canali 
extending  from  the  bladder  to  the  umbilicus,  which  is  closed  soon  after  birth. 

^^Lifemhrana  Becidiitr. — In  addition  to  the  two  membranes  connected  with  the  foetus, 
P^fre  are  two  membranes  formed  from  the  mucous  membrane  of  the  uterus^  which  are 
derived  from  the  mother  and  which  serve  still  tarther  to  protect  the  ovnra.  The  cho- 
j^n^  as  we  have  jujfft  seen^  is  for  the  protection  of  the  fa^tus ;  but  a  portion  of  this 
^Hibrane^  about  one-third  of  its  sarface,  becomes  closelj  united  with  a  corresponding 
^Ptton  of  the  uterine  mucous  membrane^  to  form  the  placenta.  This  organ,  which 
serves  for  the  nutrition  of  the  fcptus,  will  be  described  by  itself;  but,  before  we  can 
thoroughly  comprehend  its  structure  aud  the  proceaa  of  its  development,  we  most  study 
C4vrefta.ily  the  formation  of  the  membranfe  decidnsB. 

As  the  fecundated  ovum  descends  into  the  uterus,  it  is  usually  invested  with  a  shaggy 
covering,  which  is  either  the  permanent  chorion  or  one  of  the  membraues  which  invests 
the  ovum  previous  to  the  complete  development  of  the  allanfols,  At  this  time,  tho 
mucous  membrane  of  the  uterus  has  undergone  certain  changes  by  which  it  is  prepared 
for  the  reception  of  the  ovum.  The  changes  which  this  membrane  undergoes  in  men- 
struation have  already  been  studied.  It  has  been  seen  that,  during  an  ordinary  men- 
strual period^  the  membrane  has  been  increased  three  or  four  times  in  thickness  and  has 
become  more  or  less  mgons.  Without  being  able  to  state  from  positive  observation  the 
character  of  the  irst  changes  in  the  uterine  nmcous  meuibrane  preceding  the  descent  of 
the  fecundated  ovum — for  the  opportunities  for  direct  inspection  of  these  parts  after 
fecundation  and  before  the  arrival  of  the  ovum  are  not  frequent — it  is  almost  certain 
that  Ibis  hypertrophy  occurs  and  progresses.  One  of  the  moat  favorable  occasions  for 
observing  these  early  changes  in  the  human  subject  lately  presented  itself,  and  the  ap- 
pearances were  minutely  described  by  Reichert.  In  this  case,  the  ovum  was  lenticular, 
measuring  nearly  one-fourth  of  an  inch  in  its  long  and  about  one-^ixth  of  an  inch  in 
it*  short  diameten  It  was  covered  with  simple,  empty,  cylindrical  villi,  and  was  esti- 
mated to  be  at  from  the  twelfth  to  thv  thirteenth  dny  of  its  development,  dating  from 
fecundation.  It  was  enclosed  in  the  decidua  reflexa,  and  it  was  thought  that  this 
ihad  been  accomplished  from  twenty-four  to  forty-eight  hours  before  the  death  of  the 
iMgier. 

^Hjkccording  to  Reichert,  the  thickening  of  the  mucons  membrane  of  the  uterus  which 
Rmira  at  each  menstrual  period,  in  case  tlie  ovum  be  not  fecundated,  is  relieved  by  a  fiovt 
of  blood  and  disappears ;  but,  if  fecundation  take  place,  the  membrane  continues  to  hyper- 
trophy and  to  prepare  itself  to  enclose  the  ovum.  In  this  process,  when  an  ovum  has 
been  fecundated,  there  are  formed,  upon  the  surface  of  the  mucous  membrane,  little  ele- 
vations, or  island.*,  provided  with  primary  and  secondary  papillre  everywhere  except  at 
their  borders,  where  the  membrane  is  smooth  and  presents  the  enhirged  orifices  of  the 
uterine  follicles.  The  ovum  observed  by  Reichert  was  found  embedded  in  the  parenchymo 
of  one  of  these  islands  •  and,  as  it  was  detached,  several  villi  were  drawn  immediately  out 
from  the  uterine  tubules, 

^1  now  well  known  that  the  mucons  membrane  lining  the  gravid  uterus  fonns  what 
n  called  the  decidua  vera,  and  that  a  portion  is  reflected  over  the  ovum,  to  form 
idua  reflexa.  Reichert  is  of  the  opinion  that  the  view  entertained  by  most  ob- 
servers, that  the  fecundated  ovum  lodges  itself  in  one  of  the  furrows  of  the  hypertrophied 
membrane  and  is  finally  enclosed  by  an  elevation  of  the  walls  of  the  furrow,  cannot  bo 
ftined.  He  thinks  that  the  ovum  first  becomes  attached  to  one  of  the  '^ islands; ''  at 
point  of  attachment,  the  island  does  not  increase  in  size  as  rapidly  as  at  other  por- 
,  BO  that  the  ovum  rests  in  a  cup-shaped  depreasion ;  and,  finally,  a  growth  takes  placo 
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from  the  mar^n  of  this  depresstoD>  which  extends  Around  and  encloses  the  oTom,  pn 
senting  a  spot  wliere  the  final  closare  tukes  i>laoe,  t-alled  tbe  decidual  umbilicns. 

We  have  given  the  recent  views^  of  Keichert  thus  fully,  for  tho  reason  that  tliev  i 
based  upon  the  study  of  a  remarkably  youn^f  ovum  and  appear  to  be  more  exact  . 
definite  than  any  observation  hitherto  recorded;  and  we  shall  adopt  thb deseripdoii i 
representing  the  early  stages  of  the  formation  of  the  raembran®  decidnie. 

According  to  Reichert,  the  ovum  is  completely  encloaed  at  the  twelfth  or  the*  1 
teenth  day.     The  mucous  membrane  lining  the  uterus  becomes  the  decidua  vera,  and! 
border  from  which  the  new  growth  is  formed  which  covers  the  ovum  is  the  ha 
between  this  and  the  decidua  refiexa.     The  new  growth,  springing  from  this  bor 
velops  the  ovum  completely  and  is  called  the  decidna  reflexa;  and^  in  tlila  memb 
there  is  no  trace  of  the  uterine  tubules. 

As  development  advances^  a  portion  of  the  decidua  vera — the  description  of  whidii 
reserve  for  the  present — undergoes  development  into  the  maternal  portion  of  the  pla 
The  rest  of  the  decidua  vera  becomes  extended,  loses  its  vessels  and  glands,  and  is  rtdn 
to  the  condition  of  a  simple  membrane.     The  eylindrieal  epithelial  cells  of  the  mDc<>tt 
membrane  of  the  body  of  the  uterus^  soon  after  fecundation,  become  gradually  exfoliatfi 
and  their  place  is  supplied  by  fiattened  epitheliail  scales,  of  the  pavement-variety. 
change  is  effected  at  from  the  sixth  to  the  eighth  week,  and  the  pavement-^ells  are  I 
found  covering  both  the  decidua  vera  and  the  reflexa.    The  epithelium  of  the  c«r 
retains  its  cylindrical  character,  but  most  of  the  cells  lose  their  cilia. 

During  the  first  periods  of  utero- gestation,  the  two  layers  of  decidua  are  Beparit4^  I 
a  small  amount  of  an  albuminous  and  sometimes  a  sanguinolent  fluid  ;  but  this  diaapp^i 
at  about  the  end  of  the  fourth  month,  and  the  membranes  then  come  in  contact  witii4 
other.     They  soon  become  so  closely  adherent  qb  to  form  a  single  membrnnc,  will 
contact  w^ith  the  chorion.     Sometimes,  at  full  term,  the  membranes  of  the  fa*tus  1 
separated  from  the  decidua;  but  frequently  all  of  the  different  layers  are  closely  adIjeffBi 
to  each  other. 

The  changes  we  have  jnst  described  are  not  participated  in  by  the  mncons  memb 
of  the  neck  of  the  uteras.  The  glnnds  in  this  situation  secrete  a  semisolid,  tranflpt 
viscid  mucus,  which  closes  the  os  and  is  sometimes  called  the  uterine  ydug. 

Toward  the  fourth  month,  a  vary  delicate,  soft,  homogeneous  layer  ajjpears  over  til 
muscular  fibres  of  the  uterus,  beneath  the  decidua  vera,  which  is  the  beginning  of  s  d^ 
mucous  membrane.    This  is  developed  very  gradually,  and  the  membrane  is  ecmipl«4 
restored  about  two  months  after  parturition. 


JkfBhprnent  and  Structure  pfihe  Plu^atta. — In  describing  the  formation  of  the  i 
braniD  decidusB  and  of  the  chorion,  we  have  necessarily  hinted  at  the  mode  of  developn 
of  the  placenta,     Although  there  is  considerable  difference  of  opinion  among  anatcnaid* 
with  regard  to  the  exact  relations  between  the  vessels  of  the  mother  and  of  the  furtoia 
vterOy  it  Is  admitted  by  nil  that  the  fretus  derives  its  nourishment  from  the  matemall 
and  that  tho  placenta  is,  in  addition,  a  respiratory  organ.      Reasoning  from 
ahould  consider  to  be  the  re([uirements  of  the  foetus,  it  would  be  natund  to  suppose  thi 
the  ffttal  vessels  are  bathed  in  maternal  blood;  and  it  is  certain  that  the  two  «tf  ( 
vessels  have  no  direct  commnnicatioo  with  each  other.     It  is  alao  w*ell  known  that  I 
fo&tns  has  an  independent  circulation,  its  heart  beating  about  twice  as  faat  as  the  heart  * 
the  mother.     In  our  description  of  the  placenta,  we  shall  first  give  the  views  whicli  «tj 
conceive  to  be  correct,  and  then  advance  the  facts  and  argumonta  by  which  theaa  t 
are  apparently  supported. 

Beginning  with  the  first  development  of  the  placenta,  the  observation  which  wtl 
quoted  from  Reichert,  in  which,  it  will  he  remembered,  the  tufts  of  the  fa'^tal  cho 
vreti*  actually  drawn  out  of  the  tubules  of  the  nterine  mucous  membrane,  964»in>  t<J  il* 
monstrate  beyond  question  the  fact  of  penetration  of  the  villi  of  the  chorion  lato 
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maternal  tubes.  This  h  a  capital  point  in  our  riew  of  the  mode  of  development  of  the 
placenta;  and  this  cannot  be  questioned^  if  we  ttdmit  tlie  accuracy  of  Reichert^s  dc^rtp- 
lion.  It  m  certain  that  the  portion  of  the  chorion  which  eventuallj  becomes  attached  to 
the  nterua  undergoes  a  much  greater  degree  of  development  than  the  rest  of  the  mem- 
Tti©  villi  in  this  situation  become  branched  and  arborescent;  ibej  are  filled  with 
vessels,  while  the  vascularitj  in  other  parts  of  the  chorion  disappears;  the  mucous 

embrane  correspooding  to  this  portion  of  the  chorion  also  becomes  thickened ;  the  tubes 
which  the  villi  have  penetrated  are  corresponding^ly  enlarged  and  branched,  and  tho 

easels  which  surround  them  are  increased  in  size ;  and^  finally,  the  union  between  the  villi 
feod  the  tubes  becomes  so  close  that  they  cannot  be  separated  from  eacb  other.  It  is 
i&vident  that,  if  this  be  the  mode  of  development  of  the  placenta,  the  maternal  portion  is 
formed  from  a  restricted  and  an  hypertrophied  part  of  the  mncoas  membrane  of  the  uterus, 
^nd  the  foetal  portion  i^  simply  an  exceedingly  vascular  and  villous  part  of  the  chorion. 
I  As  development  advances,  the  vessels  of  the  maternal  portion  of  the  placenta  coalesce 
into  great  lakes  which  communicate  freely  with  the  uterine  sinuses.  In  tliege  great 
cairities,  we  find  the  vascular  fcetal  tnfts ;  and  it  is  easy  to  understand  how  transudation 
of  nutritive  material  and  gases  can  take  ])laco  from  the  blood  of  the  mother  to  the  vascular 
l^steni  of  the  foetus. 

If  the  above  description  be  correct,  we  should  be  able  to  pass  an  Injection  from  the 
bterine  sinuses  into  the  maternal  portion  of  the  placenta^  even  as  far  as  its  fa?ta]  j^urface; 
Imt  this  is  a  point  concerning  which  there  has  been  a  great  deal  of  dlij cession. 
I  In  injected  specimens  of  the  placenta,  when  an  attempt  has  been  made  to  fill  the 
tuaternal  as  well  as  the  fcetal  vessels,  the  material  injected  into  the  uterine  vessels  has 
ecimetimes  passed  through  the  entire  thickness  of  the  placeota  and  appeared  just  beneath 
the  transparent  chorion  at  the  f»i?tal  surface  of  the  organ.  Tins  appearance,  however, 
has  been  thought  by  some  writers  to  be  due  to  extravasation ;  and  many  physiologists 
lire  of  the  opinion  that  the  placenta  has  no  maternal  portion^  that  it  is  entirely  a  f^i^tal 

ki,  and  that  the  maternal  vessels  do  not  pass  beyond  the  surface  by  which  it  is 
bed  to  the  walls  of  the  uterus.  This  opinion,  however,  we  believe  to  be  erroneous. 
Thtf  important  point  in  the  determination  of  tho  connection  of  what  may  be  termed 
the  placental  maternal  sinuses  with  tbe  vessels  of  the  uterus  can  be  settled  by  injection 
of  the  nterioe  vessels  in  cases  in  whicli  the  observation  can  be  made  while  the  placenta 
as  still  attached  to  the  uterine  walla,  DaltoUi  since  1853,  has  examined  the  parts  in  ««Vu 
la  four  cases  of  women  who  died  undelivered  at  or  near  the  full  term  of  pregnancy,  and 
lie  adopted  the  ingenious  ex|»edient  of  tilling  the  uterine  vessels  with  air,  by  which  the 
cour»e  of  the  iiyection  could  be  directly  observed.  This  operation  is  performed  in  the 
following  manner:  The  uterus,  with  its  contents,  is  removed  from  the  body,  is  carefully 
jDpened,  and  the  fcetus  is  taken  out,  after  dividing  the  umbilical  cord.  The  parts  are 
ihen  placed  under  water,  the  end  of  a  blow -pipe  is  introduced  into  one  of  the  dinded 
vessels  of  the  uterine  waUs^  and  air  is  forced  in  by  gentle  insufflation.  By  this  process, 
the  venous  sinuses  of  tbe  uterns  itself  are  first  filled^  next,  the  deejHsr  portinns  of  the 
placenta,  and  finally,  **  the  bubbles  of  air  insinuate  themselves  everywhere  between  the 
f{Btai  tnfts,  and  appear  in  the  most  superficial  portions  of  the  placenta,  immediately 
tmdemeath  the  transparent  chorion.  If  the  chorion  be  now  divided  at  any  point  by  an 
incision,  passing  merely  through  its  own  tliickness,  the  air^  which  was  confined  beneath 
|t  in  the  placental  sinuses,  will  escape,  and  tI&q  in.  bubbles  to  the  surface  of  the  water. 
IBach  an  experiment  shows  conclusively  that  the  placental  sinuses  communicate  freely 
With  the  uterine  vessels,  occupy  tbe  entire  thickness  of  the  placenta,  and  are  equally 
extensive  with  the  tufts  of  the  facial  chorion.''  DaUon  farther  states  that  the  uterine 
Tessel*,  as  they  penetrate  the  placenta,  have  an  exceedingly  oblique  direction,  and  that 
^heir  orifices  may  be  easily  ovcrhwked,  but  can  be  seen  by  careful  inspection. 
I  We  have  no  doubt  with  regard  to  the  accuracy  of  the  observations  of  Dalton,  and  w© 
poocdve  that  they  have  settled  the  question  of  the  existence  of  a  true  maternal  portion 
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of  the  placenta.  In  corroboration  of  tliiSf  in  1864,  we  examined  the  uteroi^,  with  thtt 
placeota  attached,  of  a  woman  who  died  in  the  latter  months  of  pregnancy,  in  th^t  prtv 
ence  of  the  late  Prof.  G,  T.  Elliot  and  Prof.  J.  P.  White,  and  forced  air  from  the  nterim* 
fiinnsea  throngbout  the  entire  thickness  of  the  placenta^  hetween  the  fcntal  tofU.  In 
view  of  these  factSi  concerning  which  there  can  be  no  doubt^  it  seems  nnneceefearr  tu 
disctiss  the  more  or  less  theoretical  views  of  writers  who  have  not  made  injections  of  tht 
uterus  with  the  placenta  attached.  The  observations  of  Dalton  have  since  h^en  coo- 
fi^rmed  by  nnmerons  anatomists,  so  tliat  we  mast  consider  the  fact  of  on  intra-placaitil 
circulation  of  maternal  hlood  as  definitively  established. 

Structure  o/the  Fully^dtneUp^d  Plaettit4i, — The  placenta  of  the  hnman  subject 
sents  certain  differences  in  its  »trnctnre  at  various  periods  of  nt«ro-ge«itation.  most  \ 
which  have  been  indicated  in  treating  of  it^  development.     At  about  the  end  of  the  th 
monthf  the  limita  of  the  placenta  become  distinct,  and  the  organ  rapidly  assumes  the  i 
tomical  characters  observed  after  it  may  be  said  to  be  fully  developed.     It  then 
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VQbnroD ;  i  liiteAlii« ;  p.  pcdlrk  of  tlie  innblli<^i  r<<^iele ;  i>.  tmibiHcn]  v^ttcki ;  ni,  hi,  «i,  itiMlaii{  «*«  ^^^^ 
a,  lovrnr  «Dd  ortbi?  ufnMllcid  conl :  t^,  o,  vft»oa!jir  tufU  of  tbv  oboritMi,  coaAtltuUiiir  tbt  JliMll  f>Oftnil  oCtI*  fm 
eiiiitu;  ri',  n«  maternal  [toTtioa  uf  the  plAcvntit ;  »,  n.  decidam  \em  ;  «,  dedduA  rtOeocii. 


about  one-third  of  the  uterine  mucotis  membrane,  and  it  is  generally  rounded  or  ovdil  j 
form,  with  a  distinct  border  connected  with  tlie  deeidua  and  tlie  chorion.  It 
seven  to  nine  inches  in  diameter,  a  little  more  than  an  inch  in  thicknc^a  at  the  ) 
penetration  of  the  nmbilicnl  cord,  slightly  attenuated  toward  the  border^  and 
from  fifteen  to  thirty  ounces.  Its  foetal  surface  is  covered  with  tin?  smooth  anmMK* 
membrane,  and  its  nterine  surface,  when  detached,  is  mugh,  and  divided  into  numtro^ 
irregular  lobes  or  cotyledons,  from  half  an  inch  to  an  inch  and  a  half  in  diameter.  &*•_ 
tween  these  lobesi,  are  membranes,  called  dissepiments,  which  penetrate  into  tbf 
stance  of  the  organ,  frequently  as  far  as  the  fcetal  surface. 
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pon  the  nterine  surface  of  tbe  placenta,  is  a  thin,  soft  membrane,  sometimes  caUed 

liie  decidua  serotina.    This  is  merely  a  portion  of  the  mucous  menibrone  of  the  uteni^ 

situated  next  the  mtiscnlar  iralJa,  the  greater  part  of  it  not  being  thrown  off  with  the  pla- 

oentii.    It  is  composed  of  amorphous  matter,  numerous  gronnlationB^  and  colussal  colls  with 

enlarged  and  multiple  nuclei.     If  we  scrape  the  uterine  surface  of  a  fresh  phicenta^  thebe 

cells  app^ir,  upon  microscopical  observation,  verj  much  like  the  »o*ealled  cancer-cells. 

There  has  been  and  i8  now  considerable  difference  of  opiuiun  with  regard  to  the  formation 

I  of  the  deoidaa  serotina.    Some  writers,  who  do  not  admit  that  the  placental  has  any  true 

i  maternal  portion,  regard  it  as  the  portion  of  decidua  imprisoned  between  the  chorion 

and  the  muscular  walls  of  the  uterus ;   but,  if  we  adopt  the  view  that  the  placenta  ia 

formed  in  part  of  the  uterine  mucous  membrane,  we  most  regard  tlie  serotina,  so  called, 

■M^mply  the  deeper  portion  of  this  membrane. 

W^  Blood-r€»ieU  of  ih^  Placenta, — The  two  arteries  of  the  umbOical  oord  branch  upon 

ftne  fa^tal  surface  of  the  placenta  beneath  tbe  amnion  and  finally  penetrate  the  substance 

*  of  the  organ.     The  branches  of  the  veins,  w^hich  are  about  sixteen  in  number^  converge 

\  toward  the  cord  and  unite  to  jform  the  umbilical  vein.     Upon  the  uterine  surface  of  the 

placenta,  are  namerous  oblique  openings  of  the  veins  which  return  the  maternal  blood  to 

the  uterine  eumses.    There  are  also  numerous  small  spiral  arteries,  which  pass  into  the 

substance  of  the  organ  to  supply  blood  to  the  maternal  portion.     These  are  the  '*  curling 

!  arteries,^'  described  by  John  Hunter. 

If  we  inject  the  umbilical  arteries,  the  fluid  is  returned  by  the  umbilkal  vein,  having 

j  passed  through  the  vascular  tufts  of  the  foetal  portiun  of  the  placenta.     According  to 

'  Farre,  the  small  arteries  and  the  veins  of  the  villi  at  first  communicate  through  a  true 

capillary  plexus ;  but,  toward  the  end  of  pregnancy,  the  capillaries  disappear,  leaving 

loops  of  vessels,  *'  simple,  compound,  wavy,  or  much  contorted,  and  in  parts  varicose/* 

According  to  the  recent  researches  of  Win kler»  there  are  three  kinds  of  foetal  villi: 
1,  Those  which  terminate  just  beneath  the  chorioo,  withont  penetrating  the  vascular 
Iftcuna?,  2.  Longer  villi,  which  hang  free  in  the  lacunas  3.  Long,  branching  villi,  which 
penetrate  more  deeply  into  the  placenta,  some  extending  as  far  as  its  uterine  surface. 

The  formation  of  the  great  vascular  lakes  of  the  maternal  portion  of  the  placenta  has 
already  been  described.  These,  according  to  Winkler,  present  numerous  trabeculce, 
which  extend  from  the  uterine  to  the  foetal  surlace;  and,  between  thei^e  trabecula?^  are 
nnmerous  exceedingly  delicate  transverse  and  oblique  secondary  trabecular  processes. 
The  ohorionic  villi  contain  blood-vessels,  which  we  have  already  described,  surrounded 
by  a  gelatinous,  connective-tissue  structure  (Schleimgcwele),  and  are  generally  covered 
with  a  layer  of  nucleatetl  cells  of  pavcment-epithermnL 

In  parturition,  the  curling  arteries  and  the  veins  on  the  uterine  surtace  of  the  pla- 
centa are  torn  off,  and  the  placenta  tlien  consists  of  the  parts  we  have  just  described; 
the  torn  ends  of  these  vessels  attached  to  the  uterus  are  closed  by  the  contractions  of  the 
sttiTounding  muscular  fibres;  and  the  blood  which  is  discharged  is  mainly  derived  from 
the  placenta  itself.  Thus  the  very  contractions  which  expel  the  contents  of  the  uterus 
cJose  the  vesseb  and  prevent  loss  of  blood  by  the  mother. 


Development  of  the  JEmhryon. 


^^Erhe  product  of  generation  retains  the  name  of  ovum  until  the  form  of  the  body  begins 

pHoe  apparent,  when  it  is  called  the  embryon.  At  tlie  fourth  month,  about  the  time  of 
quickening,  it  is  called  the  ftetus,  a  name  whicli  it  retains  during  the  rest  of  intra-uterine 

I  life.  The  membranes  which  we  have  described  are  appendages  developed  for  the  pur- 
poses of  protection  and  nutrition ;  and  the  embryon  itself,  in  the  mammalia,  is  developed 

I  from  a  restricted  portion  of  the  layers  of  cells  resnlting  from  the  segmentation  of  the 

I  vitellus. 

L       We  have  already  described  the  formation  of  the  blastodermic  cells  and  the  appearance 
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of  the  groove  wbioh  b  subsequently  developed  into  Uie  neural  con&L    At  this  portion  4jf| 
tlio  ovuijij  tbore  is  a  thickening  of  the  blastoderm^  which  then  presenia  three  layer*.  1 
iniddlo  layer,  the  thickest  and  most  important,  being  developed  from  the  oppcteite  in^ 
faces  of  the  external  and  the  internal  layer.     We  have  to  study,  then,  the  changes  whid 
tifke  place  in  three  layers  of  eeik,  which  we  shall  call  the  external^  the  iBtermediA^I 
and  the  internal  blastodermic  membranes.    The  earliest  stages  of  development  have  heiml 
studied  almost  e3fclusively  in  the  chick^  and  the  processes  here  observed  cannot  l»e 
sumed  to  represent  exactly  the  mode  of  d*?velopment  of  the  human  subject.     For  tli 
reason,  we  feel  justified  in  adopting  the  simplest  division  of  layers,  which  is  into  thit^^l 
and  shall  not  attempt  to  follow  the  excessi%'ely  minute  descriptions  of  the  early  arrange*  { 
ment  of  cells,  given  by  some  recent  observers. 

A  g:eneral  idea  of  the  development  of  certain  of  the  important  parts  of  the  embryon  wifl  ' 
aid  us  in  comprehending  the  more  minute  processes  and  the  formation  of  special  orgjUii; 
and  this  we  can  give  without  reference  to  the  various  divisions  of  the  blastodermic  laycm^ 
adopted  by  difterent  writers.    It  makes  very  little  ditference,  indeed,  asregardji  our  actuil 
knowledge  of  development,  whether  we  restrict  the  external  blastodermic  membrane  t^| 
tiie  development  of  the  epidermis,  or  whether  we  assume  that  a  portion  of  it  forms  tht 
walls  of  the  neural  canah     In  the  latter  case,  we  simply  make  a  thicker  external  la>»T  1 
at  the  expense  of  a  portion  of  the  intermediate  layer.     It  is  the  discussion  of  such  rainof  I 
points  a'^  this,  which  depend  mainly  upon  observations  made  upon  the  chick,  that  wfj 
propose  to  avoid,  in  our  endeavor  to  make  the  description  of  the  first  processes  of  deve 
opment  as  simple  as  possible. 

We  may  assume  that  tlie  furrow  for  the  spinal  canal  and  its  dilated  superior  portioa^I 
the  head,  have  been  closed  over  by  the  union  of  the  dorsal,  or  medullary  plates  behind.] 
At  a  later  period,  there  has  been  a  growth  of  the  ainlominal,  or  visceral  plate«.  flfhick] 
finally  close  over  the  front  of  tlie  embryon.  Now,  to  adojit,  with  slight  modi  tic  atiniw.  ij 
simile  given  by  Hermann,  we  may  imagine  a  young  mammal,  with  a  shorty  slrai|rhl  »ll»i 
mentary  canal,  taking  no  account,  for  the  present,  of  its  jchiudular  appendages.  W©  tikt  1 
the  entire  body  as  a  tube,  the  caliber  of  w^hich  is  the  alimentary  canal,  with  walls  formfd  | 
of  concentric  layer?!.  Counting  these  layers  from  witliin  outward,  we  have  first,  tl»« 
mucous  membrane;  next,  the  mnscnlar  coat  of  the  intestine;  then,  the  visceral  serous 
memhrane,  the  parietal  serous  membrane,  the  muscles  of  the  trunk,  with  the  bones;  tndJ 
finally,  the  integument.  All  of  these  layers  are  developed,  to  a  greater  or  le«?s  de>frt^| 
eimnltaneou sly,  from  different  layers  of  the  blastodermic  cells.  With  the  ^iew  that  wfj 
fhall  adopt,  the  external  blastodermic  membrane  becomes  the  epidermis,  and  the  intcruill 
blastmlermie  membrane,  the  eiutheliura  of  the  alimentary  canal.  The  intermediate  nnan- 
brane  splits  into  two  layers ;  the  outer  layer  becoming  attached  to  the  external  blBftO'l 
dermic  membrane  and  forming  the  muscular  layer  of  the  trunk,  while  the  inner  Uyef  if 
connected  with  the  internal  blastodermic  membrane  and  contribut<!s  to  the  fonuatioo  rfl 
the  vificera.  At  a  later  period,  the  extremities  are  developed,  as  solid  processes  cm^ 
nected  with  the  outer  layer  of  the  intermediate  membrane  and  covered  by  a  pr 
tion  of  the  external  blastodermic  membrane. 


Detelopment  of  the  CacUies  ami  Layert  ftf  the  TrunJc  in  the  Ckkk, — As  an  intrij- 
duction  to  a  description  of  the  development  of  special  organs  in  the  human  subji.»cl  i 
in  mammals,  it  will  be  found  very  usetid  to  stndy  the  first  stages  of  development  in 
chick,  by  which  wo  ciin  get  an  idea  of  the  arrangement  of  the  different  blastod<nnid 
layers,  and  the  way  in  which  they  are  developed  into  the  different  parts  of  the  tronM 
with  the  mode  of  formation  of  the  great  cavities.     In  doing  this,  we  shall  endearor  10' 
describe  the  figures  given  by  Brilcke,  which  were  photographed  on  wood  from  largo  dia- 
grams, made  from  actual  preparations,  by  Seboth.     In  this  description,  we  sbalt  t« 
account  of  the  formation  of  the  membranes. 

Fig.  294  illustrates  one  of  the  earliest  stages  of  development  in  the  chick. 
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are,  the  superior  Itiyer  of  dark  cells  (6^  h)  repreaoDts  the  external  blastodermic  mem- 
brane. The  inlVrmr  layer  of  dark  cells  ((i,  if)  repret^ents  the  internal  hlastodunnic  nfem- 
brane.     The  middk  hijer  of  lighter  cells  is  the  intermediate  inemhrane^  which,  toward 


the  peripherj,  is  split  into  two  lasers.  This  fij^iire  represents  a  transverse  section.  At 
ay  is  a  transverse  section  of  the  groove  which  is  subsequently  developed  into  the  canal 
for  the  spinal  cord.  Beneath  this  groove,  is  a  section  of  a  ronnded  cord  (<♦),  the  chorda 
dorsalls.  The  openings  (g,  fj)  represent  the  situation  of  the  two  aortH}.  The  other  cavities 
are  aa  yet  indistinct  in  this  figure. 


■t^^-^^^Bk'. 


Fig.  205  shows  the  same  strnctures  at  a  more  advanced  stage  of  dcveloi>riJeTjt  The 
dorsal,  or  vertebral  plates,  which  bound  the  furrow  (a)  in  Fig.  21)4^  ara  closed  above, 
and  include  ia)  the  neural  canal.  The  chorda  dorsalis  (e)  is  separated  from  the  cells  sur- 
roundinjL'  it  in  Fig.  204.  We  have  stilJ  the  external  blastodermic  luembrane  {h,  b)  and  the 
internal  blastodermic  membrane  (d,  cf),  presenting  various  curves  which  follow  the  arrange- 
ment of  the  celb  of  the  intermediate  layer.  By 
the  sides  of  the  boundaries  of  the  nenra!  canal, 
are  two  distinct  masses  of  cells  (>,  c),  which  are 
developed  into  the  vertebras.  Outside  of  these 
masses  of  cells*,  are  two  smaller  collections  of 
cells,  afterward  developed  into  the  WoltHan 
bodies,  which  will  be  dcsenbed  farther  on. 
Beneath  those  two  massea,  are  two  large  cavi- 
ties (^,  7),  the  largeit  cavities  shown  in  Fig. 
id6,  presenting  nn  irregular  form,  which  are 
■e^ons  of  the  two  primitive  aortas  The  two 
openings  (A,  A)  become  afterward  the  plearo- 
peritoneal  cavity. 

In  Fig.  296,  the  parts  are  still  farther  de- 
veloped. The  neural  canal  is  represented  (^t) 
nearly  the  same  as  in  Fig.  295,  witli  the  chorda 
dorsal  is  (e)  jost  beneath  it.  A  groove,  or  gntter 
{d)  has  been  formed  in  front,  which  is  the  groove  of  the  intestinal  canah  This  remains 
open  at  this  time  and  is  lined  by  the  internal  blastodermic  membrane.  Just  above  d^  is 
58 
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a  single  opeuiiig  (g),  which  is  formed  by  the  union  of  the  two  openings  (i?,y)  In  FVj 
294  and  295,  and  this  is  the  abdominal  aoi'ta,  which  has  here  become  single.  The 
openiogs  (A,  A)  represent  a  section  of  the  pleuro-perltoncal  cavity.  The  outer  waII 
this  cavity  is  the  outer  visceral  plate,  which  is  developed  iut^j  the  muscular  wolb  nf  ll»« 
abdomen.  The  lower  and  iimer  wall  is  the  inner  vieeernl  plate^  which  foriiis  th«  uinin 
portion  of  the  intestinal  wall.  The  outer  wall  is  the  outer  layer  of  the  intermodtitt 
membnme,  and  the  inner  widl  ie  the  inner  layer  of  the  aame  membrane.  The  two  rouod 
orifices  (*,  0  are  sections  of  the  Wolffian  ducts.  The  space  (5|  &}  is  the  amniotic  co^'ity. 
The  figures  we  have  just  described^  it  must  be  borne  in  mind^  represent  trans  versa  ^ 
tions  of  the  body  of  the  chick,  made  through  the  middle  portion  of  the  abdomen.  In 
explanations  of  these  tigures,  we  have  not  adhered  abisolutely  to  the  text  of  Brflcke>  M 
have  made  use  of  the  very  elegant  semi-diagrammatic  illustrations  by  Waldeyer,  whont 
explanations  are  remarkably  clear  and  satisfactory.  Our  explanations,  however,  partiai< 
larly  those  of  Fig.  296,  are  sufficiently  extended  to  enable  us  to  study  tlie  developrii(?jit 
of  special  organs.  The  posterior  parts,  it  is  seen,  are  develojied  first,  the  situation  of  tJi* 
vertebral  cokjiun  being  marked  soon  after  the  enclosure  of  the  neural  canal  by  the  vert<* 
bral  plates ;  and,  at  about  the  same  time,  the  two  aortas  make  their  appearance,  willi  tb 
first  truces  of  the  pleuro-peritoneal  cavity.  The  next  organs  in  the  order  of  deveh^pmeflt. 
after  the  vascular  system,  are  the  Wolffian  bodies,  which  are  so  large  and  important  i& 
the  early  life  of  the  embryon.  The  intestinal  canal  is  then  a  simple  groove,  and  the  chj- 
bryon  h  entirely  open  in  front.  Were  we  now  to  follow  the  process  of  development  fiif* 
ther,  we  should  see  that  the  visceral  plates  advance  and  clo*^  over  the  abdominal  cAntjt 
as  the  medullary  plates  have  closed  over  the  neural  canah  Thus  there  would  be  foruiHit 
closed  tube,  the  intestine,  lined  by  the  thin,  internal  blafitodcnmc  membrane,  the  walho! 
the  intestine  being  formed  of  the  inner  layer  of  the  intermediute  membrane.  Thi^  wouW 
bring  tbe  external  layer  of  the  intenuediate  membrane  around  the  intestine  to  form  tht 
mustadar  wall§  of  the  abdomen,  the  cavity  (Fig.  206.  A,  h)  being  the  peri  tone  jil  cavitr,  ifid 
the  external  covering  being  the  external  blastodermic  membrane.  At  this  time^  the  grtit 
Wolffian  bodies  lie  next  the  spinal  column,  between  the  intestine  and  the  abtlominil 
walls,  with  the  single  abdominal  aorta  situated  behind  the  intestine. 

Development  of  the  Skeleton^  Muscular  St^stem,  and  Skin, 

Chardii  Dor$alU, — One  of  the  earliest  structures  observed  in  the  developing  embryoD 
is  the  chorda  dorsalis.     This  is  situated  beneath  the  neural  canal  and  extends  the  vn^u 
length  of  the  body.     It  is  f(»rmed  of  a  cord  of  simple  cells,  and  marks  the  eitUMtion  of  Ik* 
vertebral  column,  though  itf«elf  it  is  not  developed  into  the  vertebra,  which  grow  nroanil 
it  and  encroach  upon  its  sabstance,  until  it  finally  disappears.     This  structure  has  b«^ 
very  minutely  described  by  Robin,  under  the  name  of  the  notocorde.     In  many  niaoi' 
mala,  the  notocorde  presents  a  slight  enWrgement  at  the  cephalic  extremity,  which  fS* 
tends  to  the  auditory  vesicles  and  it  is  somewhat  diminished  in  size  at  the  camlat  extrcnh 
ity.     By  the  sides  of  this  cord,  are  tiie  masses  of  cells  which  nre  eventually  developed 
into  the  vertebra^.     The  vertebra?,  as  they  are  developed,  are  formed  of  temporary  c«^ 
t il agin ouB  structure,  gradually  extending  around  the  chorda  dor^alrSj  wbitdj  then  <K-cupitt 
the  axis  of  the  apinid  column.     Between  the  bodies  of  the  vcrtebrrc,  the  chtirda  dorull* 
presents  regular  enlargements^  surrounded  by  a  delicate  membrane,     As  us*tiific»ti^  <rf 
the  spinal  column  advances,  that  portion  of  the  chorda  dorsalis  which  is  su rr o and c*!  l>t 
the  bodies  of  the  vertebno  disappears,  leaving  the  enlargements  between  the  vertcbrD 
distinct,    These  enlargements,  which  are  not  permanent,  are  gradually  inxadcd  by  liliroo* 
tissue,  their  gelatinous  contents  disappear,  and  the  int^ervertebral  disks,  couijxjsihJ  uI  6lff«- 
cartilaginous  structure,  remain.     These  ^\»kn  are  permanent  between  the  cerrical,  ^^ 
dorjiuh  and  tlie  lumber  vertebne ;  Imi  they  eventually  disappear  from  between  the  Ji^- 
fcrent  parts  of  the  sacrum  and  coccyx,  as  these  are  consolidated,  this  occurring,  in  t^'< 
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human  subject,  at  from  tbc  nintli  to  the  twelfth  year.     The  processes  of  d^velopHKiJ'Jit 
jttit  dt?8cnb^d  aro  rejiresented  in  Fig.  297. 

Vertebral  ColumUy  eU. — In  Ftgs.  295  and  21M?  {e^  t\  are  seen  tho  two  masses  of  coUs, 
AltTiatcKl  by  the  tides  of  tlio  neural  canal,  wliicli  art*  destined  to  he  developed  into  the 
vertt^bni*.    These  cells  extend  aronnil  and  eucruuch  npou  the  chorda  doraalU  and  form 

th«>  bodies  uf  the  vertebrae  They  also  ex- 
tend over  the  neural  cimal,  closing  above, 
and  these  processes  ar©  called  the  medul- 
lary, or  dorsal  plate*.  Sometimef*  the  dorsal 
plates  fail  to  oloae  at  a  certain  point  in  the 
spinal  column,  and  thla  contstitutes  the  tuaN 
formation  known  as  bpinu  bifida.  Fnmi  t!ie 
sides  of  the  bodies  (»f  the  vertebraj»  the  va- 
rious processes  uf  these  bones  are  formed. 
As  the  spinal  column  is  developed,  its  lower 
portion  presents  a  projection  beyond  tho 
pelvis,  which  constitutes  a  temporary  caudal 
appendage,  curved  toward  thy  abdomen;  but 
this  no  longer  projects  alter  the  bones  of  the 
pelvis  are  fully  developed.  At  the  same  time, 
the  entire  vert^rbral  column  is  curved  toward 
tUe  abdomen,  and  it  is  twisted  upon  itsi  axis 
from  left  to  right,  so  that  the  anterior  face 
of  the  peivk  presents  a  right  angle  to  the 
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upper  part  of  the  bodv ;  but,  as  thu  inferior  extremities  and  the  pelvis  be<^orae  developed, 
the  spine  becomes  straight.  The  vevtebne  ninku  their  appearnnce  tirst  in  the  middle  of 
the  dorsal  regiou,  from  which  point,  they  rapidly  ext^snd  upward  and  downw.nrd,  nntil 
the  spinal  column  is  complete. 

At  the  base  of  the  skull,  on  either  side  of  the  superior  prnlonpation  of  the  chonla  dor- 
«a]i%  are  two  cartilaj^inous  processes,  ivhich  are  developi-d  into  the  f^o-callcMl  cranial  ver- 
tobne.  In  this  cartilaginous  mass,  three  ossific  points  appear^  one  behind  the  other. 
The  posterior  pcunt  of  ossification  Is  for  the  basilar  portion  of  the  occipital  bone,  which 
is  developed  in  the  same  way  as  one  of  the  vertebrfc  ;  the  middle  point  is  for  tlio  poste- 
rior portion  of  the  sphenoid;  and  the  antcrit^r  point  i»  for  the  anterior  portion  of  tbc 
sphenoid.  The  frontal  bone,  the  parietal  bone,  the  temporal  bone,  and  a  portion  of  the 
occipital  bone  ure  developed  from  the  connective  tissue,  without  the  intervention  bf  pre- 
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month.  The  nerves  are  not  produced  as  prolongntions  from  the  cord  into  the  various 
tiasoes,  nor  do  they  extend  from  the  tissues  to  tJje  cord  ;  hot  they  are  develofiod^  in  each 
tUsnci  by  a  separation  of  histological  eleiuents  from  the  celU  of  which  the  parts  are 
originally  constituted,  which  at  6tBt  appear  to  he  identical  in  their  morphological  cljar- 
aoters.     The  nerves  of  the  sympathetic^  system  are  developed  in  tlie  same  way. 

The  mode  of  development  of  the  spinal  cord  is  thus  sutficiently  simple;  but,  with  the 
growth  of  the  emhryon,  wv  ohservo  dilatatiuDs  at  the  superior  and  at  the  inferior  extrem- 
ities of  the  neural  canal.  The  cord  U  uniform  in  size  in  the  dorsal  refj^ion^  marked  ouly 
by  the  regular  enlargements  at  the  sUe^*  of  origin  of  the  spinal  nerves  j  but  we  soon 
observe  an  ovoid  dilatation  hclow,  which  forms  the  lumbar  enlargement,  from  which  the 
nerves  are  pven  off  to  the  inferior  extremities,  and  the  brachial  enlargement  above»  wher« 
the  nerves  of  the  superior  extremities  take  their  origin.  At  the  same  time,  there  is  a 
more  marked  dilatation  of  the  canal  at  its  cephalic  extremity.  Here,  a  single  enliirgement 
appears,  wliich  is  soon  di\  ided  into  three  vtsicles,  ualkd  the  anterior,  middle,  and  poste- 
rior cerebral  vesicles.  These  become  more  imd  more  distinct  as  development  advances. 
The  formation  of  these  parts  is  illustrated  io  Fig.  209,  taken  from  Wagner,  and  raado 
more  distinct  by  Longet^  as  they  are  drawn  upon  a  black  ground.  This  figure,  in  C, 
shows  the  projections,  on  either  side,  of  the  vesicles  which  are  eventually  developed 
into  the  nervous  portions  of  the  organ  of  vision. 


1 

litiv*  halves  orlhc^  nervom  Ayttem,  twcDtyfocir  bm  .  B,  th*'  mmo.  tKttiv-*ix  lunin 

samu«  &t  a  moru  adwioed  ntai?«.    c.  t\xf  two  prln  rcrtr)>rii';  d.  Anrtrior  diUt*> 

li^aral  canjil;  A,  |H)at«riDr  dlktatloa  (the  lumbar  *'rii  .,  anterior,  mi iMI*'.  a t]{ntif«ciiJr 

ecjfiirai  wsictes;  a,  Alight  flattcnlos  of  Uic  wotorior  cerobnl  vc^leli- ;  o,  formadon  of  th*  ocular  vostolcj. 


The  three  cerebral  vesicles  now  undergo  farther  changes.  The  superior,  which  we 
may  call  the  first  primitive  vesicle,  enumerating  them  from  above  downward,  is  soon 
divided  into  two  secondary  vesicles,  the  nnterior  of  which  becomes  the  cerebral  hemi- 
spheres, and  the  posterior,  the  optic  tlialami,  whieh  are  eventually  covered,  by  the  great- 
er relative  development  of  the  hemispheres.  The  middle,  nr  second  primitive  vesicle, 
does  not  undergo  division  and  is  developed  into  the  tnbercnia  quadrigemina,  or  centres 
of  vision.  The  posterior,  or  third  primitive  vesicle,  is  divided  into  two  secondary  vesi- 
cles, the  anterior  of  whitMi  becomes  the  cerehellum,  and  the  posterior,  which  is  covered 
by  the  anterior^  the  mcdnlln  oblongata  and  the  pons  Varolii.  While  this  division  of  the 
priroitive  cerebral  vesicles  is  going  on,  the  entire  chain  of  encephalic  ganglia  becomes 
oorved  from  liehind  forward,  forming  three  prominent  angles.  Tlie  first  of  these  angles 
or  prominences  («,  Fig.  sno,  A,  B,  C),  coimting  from  before  backward,  is  fornied  by  a 
projection  of  the  tuhercuk  (juadrigemina,  which,  at  this  time,  constitute  the  most  prcj- 
jeoting  portion  of  the  encephalic  mass;  the  second  prominence  (<*,  Fig.  800),  situated 
behind  tlie  Uihercula  quadrigemina,  is  formed  by  the  projection  of  the  cerebellum ;  the 
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third  id^  Fig*  300,  A,  B,  C),  Is  the  bend  of  the  superior  portion  of  the  spinal  cow 
These  projections  (md  the  early  formation  of  uertain  purts  of  th©  eoeopbulou  io 
human  subject  are  illustrated  iu  Fig,  3o(}, 

The  cerebrum,  as  we  have  just  &een,  is  developed  from  the  anterior  divi»ioo  gf 
first  prinutive  cerebnil  vesicle.     The  development  of  this  part  is  i«i»re  rapid  iu  ilA  later 
portions  than  in  tbe  median  line,  which  divides  the  eerebruni  ituperfectly  into  two  Uter 
halvoB,  forming,  in  tbis»  way,  the  great  longitudinal  fissure.     At  the  same  time,  by 
rapid  development  of  the  posterior  portiun,  it  extends  over  the  optic  thalami,  the 
pura  quttdrigemina,  and  the  cerebeliuui.     Up  to  the  en^I  of  the  fourth  month,  the  he 
si^herea  are  smooth  on  their  surface ;  but  they  then  begin  to  present  large  deprejsioti 
following  folds  of  the  pia  mater,  which  are  the  first  convolutions,  these  increaMOg  rji(»- 


of  fhf^  spinal  conl  nnd  brain  vf  the  hvmnn  xubjict    (t/>ngi't.) 

Jn-<Hi  lii  dt'velopttitMit;  /j,  «t'iii«l  cord;  d,  cakriecineiil  of  the  »p>ii 
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turned  backward :  d,  M^xwd  eurratnre  nf  tbe  upfici-  portion  i>f  tbc  fplfuil  corA,  which  ba«  bcoom*  thtcMoad  ud 
conatltntiM  th«  pedtmclet  of  the  cvrcbriua;  «,  taberetila  qoadrlgeniicui ;/,  ai^Uc  Uialam!  c<rv«red  bj  t^  hint- 
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idly  in  number  and  complexity,  espeoially  after  the  seventh  month.    The  septnin  luctdti 
is  then  f(>rmed  by  nn  elevation  of  nervouB  matter  from  the  base,  which  divides  the  loM 
portrnn  of  tho  *{»mco  left  between  the  bemispheres  a»  they  ascend*  and  forms  thr  tw^ 
later  id  ventricles.     At  the  bnse  of  tlietiie,  are  developed  the  corpora  striata.     The  svplQ 
luL'idum  is  formed  of  two  laminae,  with  a!»niall  siiace  between  thcro^  which  is  the  car 
of  the  fifth  ventricle.     The  poeterior  divij^ioti  of  this  first  primitive  vesicle  forms 
optic  tlmliiini.    These  become  separated  in  froiit  ioto  two  lattiral  halves,  but  they  rema 
connected  tofrether  at  their  posterior  portion,  which  becomei*  the  posterior  commit 
The  central  canal  of  the  cord  is  prolonged  upward  between  the  optic  thalami,  and  for 
the  third  ventricle,  which  is  covered  by  the  hemisidjeres. 

The  second,  or  middle  cerebral  vesicle  becomes  filled  with  medullar}-  substance*  «««| 
tends  upward,  and  forms  the  peduncles  of  the  cerebrum,  the  upper  portion  being  dividiM 
to  form  the  tiibercula  quadriireniinn. 

The  anterior  portion  of  the  third  primitive  vesicle  is  developed  into  the  ceTebellmDf 
the  convolutions  of  which  appear  at  about  the  fifth  month,  It^  posterior  portion  foiiw 
the  medulla  oblongata,  in  the  substance  of  which  is  tlie  fourth  ventricle,  commttsiieatfnf 
with  the  third  ventricle  by  a  little  canal,  the  aqueduct  of  Sylnos,  which  la  left  m  itiv 
development  of  the  middle  vesicle.  At  about  the  fourth  montli,  there  is  «  depontioo  of 
nervous  matter  in  front  and  above,  forming  the  |>ons  Varolii, 

In  Fig.  299  (C\  o\,  it  is  seen  that  the  vesicles  for  the  organs  of  vision  uppoar 
OS  lateral  offshoots  of  the  anterit^r  rerebrnl  vesicle.     These  gradual ly  incrense  i 
advance  anteriorly,  as  development  of  the  other  parts  progresses.     We  shall  sec,  ^^ 
we  come  to  study  the  development  of  the  face,  that  the  eyes  ore  situated  nt  tirft  ui  si- 
sides  of  tho  liead,  gradually  approaching  tho  anterior  portion.     At  the  extremity  of  well 
of  these  lateral  prolongations,  a  rounded  mass  appears,  w^hich  becomes  the  globe  of  11j« 
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eye.  The  superficial  portions  of  tbo  globe  are  developed  into  tlie  aolerotic  and  the  cornea, 
wbicli  seem  to  be  formed  of  n  process  from  the  dura  mater.  The  pedicle  attached  to  the 
globe  becomes  the  optic  nerve.  Tlio  iris  is  developed  at  aboot  the  seventh  week,  and  is 
at  first  a  simple  membrane^  without  any  central  opening.  As  the  pupil  appeal^  it  is 
closed  by  a  vascular  membrane — which  probably  belongs  to  tlio  capsule  of  the  crystal- 
line lenM— called  the  pupiikry  membrane.  This  membrane  gradually  diaappe^irs  by  an 
atrophy  extending  from  tlie  centre  to  the  periphery.  It  attains  \U  maximum  of  develop- 
ment at  the  sixth  month  and  diaappeurji  at  tlie  seventh  month.  The  vitreous  humor  is 
formed  of  the  fluid  contents  of  the  opUo  vehicle.  The  crystalline  lens  is  regarded  as  a 
product  of  tho  tegunientary  layer.  At  the  tenth  week,  wo  observe  the  beginning  of  tlie 
formation  of  the  eyelids.  These  meet  at  about  the  fuurth  month  and  adhere  together  by 
their  edges.  la  many  maminaU,  the  eyelids  rwmuiu  closed  for  a  few  days  after  birth ;  but 
they  become  separated  in  the  human  subject  in  the  later  ijerioda  of  foetal  life. 

It  ia  probable  tfiat  the  vesicle  which  becomes  developed  iuUy  the  internal  ear  is  formed 
independently  ;  at  least,  cases  have  been  ob^^erved  in  which  there  waa  congenital  absence 
of  the  auditory  nerves,  the  parts  of  the  internal  ear  being  perfect.  Soon  after  the  forma- 
tion of  the  anditory  vesicle,  however,  it  communicates  with  the  third  primitive  cerebral 
vesicle,  tho  filament  of  communication  being  developed  Into  the  auditory  nerve. 

Tlje  auditory  vesicle,  which  appears  subsequently  to  tho  organ  of  vision,  is  eventnally 
developed  into  tlie  vestibule.  The  next  formations  are  the  arches,  or  diverticula,  which 
constitute  the  semicircular  canals.  The  membranous  labyrinth  appears  long  before  the 
oaaeous  labyrinth ;  and  it  has  been  found  perfectly  devtdoped  at  three  montlis.  The  boiacs 
of  tho  middle  ear,  which  have  no  connection,  in  their  development,  with  the  nervous 
ftyttem,  but  which  it  is  convenient  to  mention  h^i^re,  are  remarkable  for  their  early  appear* 
ance.  They  appear  at  tho  beginning  of  the  third  month  and  are  as  large  in  the  foetus  at 
term  as  in  the  adult.  A  remarkable  Mnntomical  point  with  relation  to  these  strnctures  is 
the  existence  of  a  cartilage,  attached  to  the  malleus  on  each  side  and  extending  from  this 
bone  along  the  inner  surface  of  the  lower  jaw,  the  two  cartilages  meeting  and  uniting  in 
the  median  line  to  form  a  iiingle  cord^  ^^This  cartihige  now  ossifies,  although,  in  the 
commencement,  it  forms  most  of  t!ie  mass  of  tho  bone ;  it  disappears  at  the  eighth  month.'' 
(Meckel.)    This  curious  structure  is  known  as  the  cartilage  of  Meckel. 

There  are  no  ?f»ecial  points  for  dcscrijttion  in  the  development  of  tlie  olfactory  lobes, 
which  is  very  sim]>le.  These  are  offshoots  from  the  first  cerebral  vesicle,  ajijKJaring  at  the 
inferior  and  anterior  part  of  tho  cerebral  hemispheres,  a  little  later  than  tlie  parts  con- 
nected with  viwion  and  audition.  The  vesicles  themselves  become  rilled  witli  ganglionic 
matter,  and  constitute  the  olfactory  bulh^,  their  pedicles  being  the  so-called  olfactory 
nerves,  or  commissures.  Tho  development  of  some  of  the  parts  of  the  central  nervous 
system  is  illustrated  in  Plates  L  and  II.,  facing  page  92U. 

As  fttr  as  the  functions  of  the  nervoos  system  of  the  fmtus  are  concerned,  it  is  probable 
_  that  they  are  restricted  mainly  to  reflex  phenfimena  depending  upon  t-be  action  of  the 
I  spinal  cord,  and  that  perception  and  volition  Inirdly  cxi^t.  It  is  probable  that  many  reflex 
I  movements  take  place  in  utcro.  When  a  tVctiis  is  removed  from  the  uterus  of  an  animal, 
K  even  during  the  early  periods  of  pregnancy,  movements  of  respiration  occur,  a  fact  which 
^■■0  have  often  demonstrated  to  medical  classes;  and  it  is  well  known  tiiat  efforts  of  respi- 
Blltion  sometinies  occur  within  tho  uterus.  This  we  believe  to  be  a  reflex  action  excited 
by  the  want  of  oxygen  in  the  tissues,  when  the  placental  circulation  is  interrupted.  Wo 
have  already  discussed  tliese  phenomena  in  connection  with  the  subject  of  reap!  rati  on. 

Der^elopment  of  tfie  Alimentary  SyHtm, 

The  inti.stinal  caufil  is  tbe  first  formation  of  the  alimentary  system.  As  we  have 
already  seen,  this  is  at  fir^t  open  in  the  greatest  part  of  its  extent,  pregenting,  at  either 
extremity  of  the  longitudinal  gutter,  in  front  of  the  spinal  colamn,  a  rounded,  blind  ox- 
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tremity,  which  is  closed  over  in  front  for  a  short  distance.     The  closure  of  the  abdominal 
plates  then  extcmds  laterally  and  from  tbe  two  extremities  of  the  intefltine,  until  we  hi 
only  the  opening  renimning  for  tlie  passage  of  the  umbilical  cord  and  the  pe<bcle  of  tl 
umbilical  vesicle.    There  ia  at  first  an  open  com ti in ni cation  bet  ween  the  lower  part  of 
intestinal  tube  and  the  allantois,  which  forms  the  cimal  known  as  the  uraehus;  but  ti 
portion  of  this  commuuieation  which  remains  enelo^d  in  the  ahilominal  caTity  becoi 
separated  from  the  urachas,  is  dilated,  and  eventually  form8  the  urinary  bladder.     Wh 
the  bladder  is  tirat  ^hut  off,  it  communicatea  with  the  lower  portion  of  tlie  intvstine^  whi< 
i£«  called  the  cloaca ;  hat  it  finally  loses  this  connection  and  presents  a  special  op^^iiij 
tlii^  urethra. 

As  development  advances^  the  intestine  fn*t>ws  rapidly  in  length  and  becomes  con 
luted.     It  \A  held  loosi?ly  to  the  spinal  column  by  the  mesentery,  a  fold  of  the  peritoneuj 

this  membrane  being  reflected  along  the  walls  of  the  ah- 
doiiiinal  cavity.    In  the  early  stages  of  development,  a  p< 
tion  of  the  intei^tine  protrudes  at  the  umhilicua,  where 
iirat  intestinal  convolution  appears;  and  sometimes  tlitf 
is  a  congenital  hernia  of  this  kind  at  birtU^  which  u-«iinll; 
disappears  under  the  intJuence  of  gentle   and  contiuiu^l 
pressure.    An  ilhistration  of  this  is  given  in  Fig,  30L    Tb 
protrusion^  iu  the  normal  process  of  development,  n  gi 
uidly  returned  into  the  abdomen,  as  the  cavity  of  the  p< 
cle  of  the  umbilical  vesicle  is  obliterated,  at  about  the  tentl 
week. 

At  the  jQpper  part  of  the  abdominal  cavity,  the  aliia4!iil^^ 
ory  canal  presents  two  lateral  projections,  or  pouchca. 
The  one  on  tfie  lelt  side,  as  it  increases  in  sizCf  becomes  (liA 
greater  pouch  of  tbe  stomach,  and  tlie  one  on  the  ri^t 
side,  the  lesser  poQch< 

At  a  short  distance  below  the  attachment  of  the  pedicle 
of  the  umbilical  vesicle  to  the  intestine,  there  appeura  i 
rounded  diverticulum,  which  is  eventually  develoj^cd  into  the  caecum,  or  the  commence- 
ment  of  the  larj^er  intestine.  The  ciecum  gradually  recedes  from  the  neighborhood  of  tJii' 
umbilicus,  which  h  its  original  situation,  and  finally  becomes  fiied,  by  a  shorteuing  orthu 
mesentery,  in  tlie  right  iliac  region,  A»  the  eiecum,  or  caput  cob,  is  develoi>eil,  it  prcui'D** 
a  conical  appendage,  which  is  at  first  fully  m  large  as  the  small  intestine  and  is  relalivdr 
longer  than  in  the  adnlt.  During  tbe  fourth  week,  this  appendage  becomes  relatively  smiJler 
and  more  or  less  twisted,  forming  the  appendix  vermiforrais.  At  tbe  second  nioevth,  tlie 
cfccom,  or  caput  coli,  as  we  have  seen,  is  at  the  umbilicus,  and  the  large  intestine  cxleii*!* 
in  a  straight  line  toward  the  anus ;  at  the  third  month,  it  is  situated  at  about  the  niiiUlfl 
of  the  abdomen ;  and  it  gradually  descends,  until  it  reaches  tbe  right  iliac  region  at  iiboat 
the  seventh  month.  Thus,  at  the  second  month,  tliere  is  only  a  descending  colon ;  ll>*? 
transverse  colon  is  formed  at  the  third  month;  and  the  ascending  culoa,  at  Ihefiftl' 
month.  The  ileo-cff»cnl  valve  appears  at  tlie  third  month ;  the  rectum^  at  ihe  h^rxh 
month ;  and  the  sigmoid  flexure  of  the  colon,  at  tbe  iiftb  month.  During  this  time,  ll>i* 
large  intestine  increases  more  rapidly  in  diameter  than  the  small  lntestine»  while  the  lutter 
develops  more  rapidly  in  its  length. 

In  the  early  stages  of  development,  the  surface  of  the  intestines  is  smooth ;  but  villi ' 
appeor  upon  its  mucous  memlirane  during  the  latter  half  of  intra-uterine  existent*. 
These  are  found  at  first  both  in  the  large  and  the  small  intestine.  At  tlie  fourth  niooth, 
they  bec<mie  shorter  and  less  numerous  in  the  largo  intcBtine,  and  thoy  are  lost  at  ttlx'Ot 
the  eiffhtb  month,  when  the  projections  which  bound  the  saceuli  of  this  portion  of  thP 
intestinal  canal  make  their  appearance,  Tbe  valvula?  conniventes  appear,  in  the  form  of 
8lightly*elovated,  transverse  folds,  in  the  upper  portion  of  the  smaU  intestinew  Tlie  rllli 
of  the  small  intestine  are  permanent. 


cai  hH^Ht.  Frotn 
Ui€  pcMflUflAJoTt  lit  l*rot  Ihilton 
Prom  tbtf  convexity  of  tin*  loor\  ft  thin 
flkuient  1a  m«oi)  pruisinK'  tu  the 
umMllra]  vfA!cl(%  whlcb  ts  tii'n? 
fiutlcnvd  toto  a  luiiMike  form. 


Flea.  €y  A  Q*  B.^^w^  intei^or  cerebral  hemUpberei  \  x,  opLic  ItiAlaial ;  m^  tubereala  qaadri- 
l^emitiA;  A,  CArcbcUiiiD ;  n.  pom  Virolll;  r,  «plii*]  cord;  tp,  fplna;  «, tall;  a,  ejei 
f»4i,  iio«e  ;  0,  ear;  it,,  A,,  k^^  vljc«ral  mrcbca ;  bs,  uilBrlor  extremllj ;  A4,  poateiior  ex- 
tremitv.    (Uaeckd.) 
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The  mesentery  is  first  formed  of  two  perpendicular  folds,  attached  to  the  sides  of  the 
spinal  column.  As  the  intestine  undergoes  development,  a  portion  of  the  peritoneal 
membrane  extends  in  a  quadruple  fold  from  the  stomach  to  the  colon,  to  form  the  great 
omentum,  which  covers  the  small  intestine  in  front. 

As  the  head  undergoes  development,  a  large  cavity  appears,  which  is  eventually 
bounded  by  the  arches  that  are  destined  to  form  the  different  parts  of  the  face.  This  is 
the  pharynx.  It  is  entirely  independent,  in  its  formation,  of  the  intestinal  canal,  the 
latter  terminating  in  a  blind  extremity  at  the  stomach ;  and,  between  the  pharynx  and 
the  stomach,  there  is  at  first  no  channel  of  communication.  The  anterior  portion  of  the 
pharynx  presents,  during  the  sixth  week,  a  large  opening,  which  is  afterward  partially 
closed  in  the  formation  of  the  face.  The  rest  of  this  cavity  remains  closed  until  a  com- 
munication is  effected  with  the  cQsophagus.  The  oesophagus  appears  in  the  form  of  a 
tube,  which  finally  opens  into  the  pharynx  above  and  into  the  stomach  below.  At  this 
time,  there  is  really  no  thoracic  cavity,  the  upper  part  of  the  stomach  is  very  near  the 
pharynx,  the  oesophagus  is  short,  the  rudimentary  lungs  appear  by  its  sides,  and  the  heart 
lies  just  in  front.  As  the  thorax  is  developed,  however,  the  oesophagus  becomes  longer, 
the  lungs  increase  in  size,  and  finally  the  diaphragm  shuts  off  its  cavity  from  the  cavity 
of  the  abdomen.  The  growth  of  the  diaphragm  is  from  its  periphery  to  the  central  por- 
tion, which  latter  gives  passage  to  the  vessels  and  the  oesophagus.  Sometimes,  when  this 
closure  is  incomplete,  we  have  the  malformation  known  as  congenital  diaphragmatic 
hernia. 

The  development  of  the  anus  is  sufSciently  simple.  At  first,  as  we  have  seen,  the 
intestine  terminates  below  in  a  blind  extremity ;  but,  at  about  the  seventh  week,  a  lon- 
gitudinal slit  appears  below  the  external  organs  of  generation,  by  which  the  rectum 
opens.  This  is  the  anus.  It  is  not  very  unusual  to  observe  on  arrest  in  the  development 
of  this  opening,  the  intestine  terminating  in  a  blind  extremity,  a  short  distance  beneath 
the  integument.  This  constitutes  the  malformation  known  as  imperforate  anus,  a  de- 
formity which  can  usually  be  relieved,  without  much  difficulty,  by  a  surgical  operation,  if 
the  distance  between  the  rectum  and  the  skin  be  not  too  great.  The  opening  of  the  anus 
appears  about  a  week  after  the  opening  of  the  mouth,  at  or  about  the  seventh  week. 

The  rudiments  of  the  liver  appear  very  early,  and,  indeed,  at  the  end  of  the  first 
month,  this  organ  has  attained  an  enormous  size.  Two  projections,  or  buds,  appear  on 
either  side  of  the  intestine,  which  form  the  two  principal  lobes  of  the  liver.  This  organ 
is  at  first  symmetrical,  the  two  lobes  being  of  nearly  the  same  size,  with  a  median  fis- 
sure. One  of  these  prolongations  from  the  intestine  becomes  perforated  and  forms  the 
excretory  duct,  of  which  the  gall-bladder,  with  its  duct,  is  an  appendage.  During  the 
early  part  of  foetal  life,  the  liver  occupies  the  greatest  part  of  the  abdominal  cavity. 
According  to  Burdach,  ita  weight,  in  proportion  to  the  weight  of  the  body  at  different 
ages,  is  as  follows :  At  the  end  of  the  first  month,  1  to  3 ;  at  term,  1  to  18 ;  in  the 
adult,  1  to  86.  Its  structure  is  very  soft  during  the  first  months,  and  it  is  only  at  about 
the  fourth  or  fifth  month  that  it  assumes  one  of  its  most  important  functions,  viz.,  the 
production  of  sugar.  As  development  advances,  and  as  the  relative  size  of  the  liver 
gradually  diminishes,  its  tissue  becomes  more  solid. 

The  pancreas  appears  at  the  left  side  of  the  duodenum,  by  the  formation  of  two  ducts 
leading  from  the  intestine,  which  branch  and  develop  glandular  structure  at  their  ex- 
tremities. The  spleen  is  developed,  about  the  same  time,  at  the  greater  curvature  of  the 
stomach.  ITiis  organ  is  abundantly  supplied  with  blood-vessels,  but  it  has  no  excretory 
duct.    The  spleen  becomes  distinct  during  the  second  month. 

There  is  no  reason  to  believe  that  any  of  the  digestive  fluids  are  secreted  during 
intra-uterine  life.  The  stomach,  at  least,  never  contains,  at  this  time,  an  acid  secretion. 
At  birth,  the  intestine  contains  a  peculiar  substance,  called  meconium,  which  will  be 
described  farther  on.  Gholesterine,  an  important  constituent  of  the  bile,  is  found  in  the 
meconium  in  large  quantity,  but  its  function  is  connected  exclusively  with  excretion. 
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Development  of  the  Mesplrato 

On  the  anterior  sarfnce  of  the  membranous  tiib«  whid 
elevation  appears,  wliich  soon  presonta  an  opening  into  the  ( 
formiDg*  at  tLis  lime,  a  single,  boUow  cut-de-mc.  Tiiis  o^^iiin| 
(lis,  and  tbo  single  tube  witb  which  it  ia  conneetod  is  developed 

lower  oxtremf 
tiun  appears, 
and  atterwai 
The  bifnrcatfl 
tbo  lungs  are 
bronchi,  at  tl| 
tbe  branches  < 
the  bronchi  1j 
extend  down^ 
eventually  th 
Tlie  pnlinona 
Bnrdacb^  are 
chea.     The  l^j 

period  of  intra-nterine  life,  and  receive  but  a  small  qnantitj 
tliey  becotne  distended  witb  air»  are  increased  therebj  in  vi 
blood  from  the  right  ventricle.  This  process  of  development 
The  Inngs  ajipear,  in  the  human  embryon,  during  the  siith  wei 
which  the  original  bud  is  bifurcated  constitute  tbe  trne  poll 
formation  of  the  trachea  and  bronehiul  tubes  occurs  afterwft 
have  Indicated  the  pulmonarj  structure  as  branching  pi^ 
tnerelj  for  convenience  of  description.  ^ 


Fig.  802, — Formtifi 

of  iJlf  fiUluWt\,::    ,     .  I 

afUr  liathk* ;    r      /',  hi-st<>i»-ti^-.ii 

tung»^  aft^  J.  MUUer.    (Loogv^L) 


r/  nimifif^ttlonti  ttntl 
etoimunto/  the  tuf^fn. 


Devdopment  of  the 


:prQ04aiBe| 


The  development  of  the  face  in  the  embryon  of  mammals 
it  is  peculiarly  interesting,  aa  its  study  enables  ns  to  compreb 
various  very  comiuoa  malformations  of  the  face  and  palate  an 
fJortioD  of  the  embryon,  as  we  have  seen  in  studying  the  devi 
inaind  open  in  front  long  after  the  medullary  i»hites  have  met 
tlie  neural  canal.  The  common  cavity  of  tlio  thorax  and  4 
f^rowih  of  the  visceral  plates,  which  meet  in  front.  These  a^ 
intermediate  blastodermic  layer,  which  gradually  extend  forwl 
umn.  At  the  same  time  that  the  visceral  plutes  are  thus  cl(| 
abdomen,  four  distinct,  tongue-like  projections  appear,  one  ah<j 
of  the  week.  These  are  called  the  visceral  arches,  and  the  alit 
the  visceral  clefts.'  Tfie  tirst  three  arches,  enumerating  them  fl 
res[innd,  in  their  origin,  to  the  three  primitive  cerubral  vesicdel 
is  not  enumerated  by  some  authora,  who  recognize  but  three  i 
superior  cervical  vertebrre.  Of  these  four  arches,  the  fir^t  is  , 
development,  in  connection  with  that  of  the  iVontal  process,  t\; 
leus  and  incus  of  the  middle  ear.  The  second  arch  forms  the  ] 
bone,  the  stapes,  and  t!ie  styloid  litramcnt.  The  third  arch  fonal 
cornua  of  the  hyoid.  The  fom'th  arch  forms  tti«  larynx.  , 
twcen  the  tirttt  and  the  second  arch,  becomes  obliterate*!  in 
plastic  matter,  hut  an  opening  remains  by  the  side,  which  fonu 

*  These  tfehes  «(>iTMpood  to  llw  bniocbbl  THKutar  urclitta,  wliJcli  wUl  be  foX^ 
d«?elo])iiioiit  «f  the  drcaiaUirj  tyt torn. 


Fie.  h^ffuman  embfytm^  at  thf  Mntk  iPMt,  rmnocei/tom  tht  membramt;  thrm  Hmm  ike 
naiuntl  Hu,    ^Erdl:) 
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auditory  meatos,  and  Internallj,  tbe  tTmpanio  cAvity  and  the  Eustacliiao  tabe.    The 
other  clefts  become  obliterated  as  the  arcbea  advance  in  their  develoiiment. 

From  the  above  sketL-b,  it  is  seen  that  tl^te  face  and  the  neck  are  formed  by  the 
advanoe  and  closure  in  front  of  projections  from  behind,  in  the  same  way  as  the  cavities 
of  the  thorax  and  abdomen  are  cJosed ;  but  the  closure  of  the  tirst  visceral  arch  is 
complicated  hy  the  projection,  from  above  downward,  of  the  frontal^  or  jntemiaiillary 
process^  nod  by  tlie  formation  of  several  aecondarj  projections,  which  leave  certain  jier* 
maoent  openiugs,  formin^^  the  moatb^  nosef  etc«  These  prooeaees  of  development,  we 
Hftlt  now  attempt  to  follow. 

^P  lu  the  very  first  Btage§  of  development  of  the  head,  there  is  no  appearance  of  the 
face.  The  cephalic  extremity  consista  simply  of  tlie  cerebral  vesicles^  the  surface  of  this 
enUr^'ed  portion  of  the  embryon  being  covered,  in  front  as  well  as  behind^  b^v  the  exter- 
nal blastodermic  membrane*  During  the  sixth  week,  after  the  cavity  of  the  pharynx 
has  appeared^  the  membrane  lurives  way  in  front,  formine:  a  lari^e  upening,  which  may  bo 
called  the  firat  opening  of  the  mouth*  At  this  time,  however,  the  face  is  eutirely  open 
ill  front  as  far  hack  m  the  ears.  The  first,  or  the  superior  visceral  arch,  now  appears 
as  a  projection  of  the  middle  blastodennio  layer,  extcndio^'  furward.  This  is  soon  marke<1 
by  two  secondary  projections,  the  upper  projection  formlog  the  superior  maxillary  pur* 
tion  of  the  face,  and  the  lower,  the  inferior  maxilla.  The  two  projections  which  form 
the  lower  jaw  soon  meet  in  the  median  line,  and  their  superior  margin  is  tlie  lower  lip. 
At  the  same  time  there  is  a  projection  from  above,  extending  between  the  two  i^nperior 
projectionri,  whicli  i^  called  the  frontal,  or  interranxillnry  process.  This  extends  from 
the  forehead  (that  portion  wiiicli  covers  the  front  of  the  cerebrum)  downward.  The 
superior  maxillary  projeetinns  then  advance  forward,  g^radnally  passing  to  meet  the 
L process,  but  leuiing  two  small  opt^nlngs  on  either  side  of  the  median  line,  which 
openings  of  the  nostrils.  The  iijiper  portion  of  tlie  frontal  process  thus  forms 
the  nose;  but  below,  is  the  lower  end  of  this  process,  which  is  at  first  split  in  the  median 
line,  projects  below  the  nose,  and  forms  the  mcisor  process,  at  tlie  lower  border  of  which 
are  finally  developed  the  incisor  teeth.  As  the  superior  maxillary  processes  advance 
forward,  the  eyes  are  moved,  as  it  were,  from  the  sides  of  the  bead  and  present  anteriorly, 
uutil  finally  their  axes  become  pjindUl.  These  processes  advance  from  the  two  sides;, 
come  to  the  sides  of  the  incisor  process  beneath  the  nose,  unite  with  the  incisor  process 
on  either  side,  and  their  lower  margin,  with  the  lower  margin  of  the  iucisor  process, 
forms  the  upper  lip;  but,  before  this,  the  two  lateral  halves  of  the  incisor  process  have 
uniteti  in  the  median  line.  At  the  bottom  of  tlje  cavity  of  the  mouth,  a  smtdl  papilla 
makes  its  appearance,  which  grndually  elon^atef  and  torms  the  tongue. 

While  this  process  of  development  of  the  anterior  portion  of  the  first  visceral  uroh 
is  going  on,  at  its  posterior  portion,  we  have  de\relo|iing,  the  malleus  and  incus,  the 
former  being  at  first  connected  with  the  cartilage  of  Meckel,  which  extends  along  this 
loner  surface  of  the  inferior  maxilla,  the  cartilages  from  either  side  meeting  at  the  chin» 
The  cleft  between  the  first  and  the  second  visceral  arch  has  closed,  except  at  its  posterior 
portion,  where  an  opening  is  left  for  the  external  auditory  meatus,  the  cavity  of  the 
tympanum,  and  the  Eustachian  tube. 

At  the  same  time,  the  second  visceral  arch  advances  and  forms  the  stapes,  the  styloid 
ligament,  and  the  lesser  cornua  of  the  hyoid  bone.  The  third  arch  advances  in  the  same 
way ;  and  the  arches  from  the  two  sides  meet,  becotne  united  in  the  median  line,  and 
form  the  body  and  the  greater  cornua  of  the  hyoid.  The  clefts  between  the  second  and 
the  third  and  between  the  third  and  fourth  arches  become  obliterated  by  the  deposition 
of  plastic  matter. 

The  fourth  arch  forms  the  sides  of  the  neck  and  the  larynx,  the  arytenoid  cartilages 
being  developed  first.  In  front  of  the  larynx  and  just  behiml  the  tongue,  is  a  little  ele- 
vation, which  is  developed  into  the  epiglottis.    The  openings  of  the  nostrils  appear  dnrimr 
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openiDgs,  and  the  nasikl  caxiij  be^ns  to  be  Beparated  from  the  tnoutb.  The  ljp«  an 
distinct  dtiriog  the  third  moDth,  and  the  tongue  first  appears  in  the  course  of  tbe 
seventh  week. 

The  abo^e  sketch  of  the  mode  of  devi* 
ment  of  the  face  enables  tis  to  understand  i 
origin  of  eertnin  of  the  more  common  mall 
mat  ions  of  this  part.     When,  by  an 
development,  the  <^uperlor  maxilla  on  < 
foils   tu    niiltu    >vith    the   side   of  tlit   me 
proee^T  we  have  the  rery  common  deforn 
known  aa  single  hare-lip.    If  this  union  tail  i 
both  sides,  we  have  double  hare-lip,  when  1 
inoiaor  process  is  njmallj  more  or  less  pn^jisi 
ing*    Asa  very  rare  deformity,  it  is  someiLa 
observed  tliat  the  two  sides  of  the  inci^ior  | 
cess  have  failed  to  unite  with  each  other,  Ictr" 
ifig  a  fisenre  in  the  m<:Hluin  line. 

It  is  somewhat  ditfienlt  to  comprehec 
exact  mode  of  developmeitt  of  the  face  bj  ^ 
bal  deacription  alone;  but  it  will  be 
mtderstood,  alter  the  account    we  have 
given,  by  studying   Fit's.   303»  304,  and  8li5, 
copied  from  the  great  atlas  of  Coste,  and  pbtef 
I.  and  II.,  Fig^.  A,  B>  C,  and  D^  facing  p«^ 
920. 

The  palatine  arch  is  developed  by  two  i^ 
cesses,  which  arise  on  either  side  from  thej 
ci^r  process,  pass  backward  and  op  ward,  i 
finally  meet  and  unite  in  the  median  line, 
union  of  the^'  forms  the  phuie  of  eepa 
between  the  moutli  and  the  narcs ;  and 
of  fusion  of  these  processes^  from  arrest  of  ^*^ 
velopment,  prodacea  the  malformation  known  as  cleft,  palate,  in  which  the  tis^nrc  k    , 
always  in  the  median  line.     At  the  same  time,  a  vertical  prcK^e»s  forms  in  the  me<li 
line,  between  the  palatine  arch  and  the  roof  of  the  nasal  cavity,  which  separates! 
two  nares, 

Denelopment  of  the  Teeth. — Recent  embryological  rcsearchee  have  shown  that  the  i 
idea  of  the  development  of  the  dental  papillas  in  the  bottom  of  a  gutter  formed  at 
bonier  of  either  jaw  is  erroneous.     According  to  the  most  recent  obs**rveri^  the 
appearance  of  the  organs  for  the  development  of  the  teeth  is  marked  by  tlic  fumuill 
of  a  cellular  projection  extending  the  entire  length  of  the  rounded  border  of  each  ji 
which  fotrras  a  rounded  band  above  and  dips  down  eomov%hat  into  the  subjacent  »ir 
nre.    Thb  band  is  readily  separated  by  maceration,  and  the  removal  of  fiic  portion 
dips  into  the  maxilla  leaves  a  groove,  which  is  thought  to  be  the  explanation  of 
description  of  a»groove  by  the  earlier  writers.     Tliis  Vmnd  extends  the  entire  length  j 
the  jttws  without  interraption.     Its  superior  surface  is  rounded,  and  that  portion  wli 
dips  into  the  subjacent  mucous  stracture  is  wedge-shaped,  so  that  its  section  has 
form  of  a  V. 

As  soon  as  this  primitive  band  is  formed,  which  occurs  at  the  sixth  or  seTcnth 
a  flat  band  projects  from  its  internal  surface,  near  the  mucous  stnictnrc,  wliich  is  cal 
the  epithelial  band*     This  also  extends  over  the  entire  length  of  the  jaws.     It  b  ill 
flattened,  with  its  free  edge  curved  inward  and  toward  the  jaw,  and  i»  com^Kif 
first,  of  a  central  layer  of  polygonal  cells,  covered  by  a  layer  of  coluumar  epitheliti 
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At  certain  points— theso  points  corresponiling  to  tlie  situntion  of  the  truo  dental 
bulbs — tJiere  appear  rounded  eufargemeDts  At  the  tree  roargin  ot*  the  ejnthelial  band 
just  described.  Each  one  of  these  is  developed  into  one  of  the  struptares  of  the  perfect 
tooth.  The  niechanism  of  the  formation  of  this,  which  is  called  the  cnaiiieUorgan^  and 
of  the  dental  bulb  is  au  fallows: 


Fig.  ZtH  .  o/mri^'Jtre 
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1 1,   I'tHTHwl   I-,  iwi» 

r  prtioii'fMe*,  1  Ktill 

.  :.,  uUriif  Ibeiirin  '•<■»; 

o,  it,  Bi  J  Junior  113  a  \  f'-fftl 

portiorift  uniio  uj  i  op- 

uitQt  of  iJu' liicJirv  I.; ,   t.  L'W«r 

lip;  S.  mouth  ;  O,  ibr  i  i  Uit>  jml** 

tin«^  nri^K  alrendv  n^'nrl^  '  Mh  ath«r 
in  froul,  butatiilVltldy  t^,-„L-,L^  ..„.„.„ 


A  rounded  enlargement  appeani  at  tlio  margin  of  the  epithelhd  hnnd.  This  soon  be- 
eoraes  direi^ted  downward  (aduptiiig  our  dein-ription  to  the  luwer  jnw)  and  dipa  into  the 
mucous  structure,  being  at  first  connected  with  tlie  epitlielial  hand  by  a  narrow  pedicle, 
which  soon  disappears,  leaving  the  enlargement  enclosed  couipletel}'  in  a  follicle.  This 
is  the  dental  follicle,  and  it  has  no  connection  with  the  wedge-shaped  band  which  we  de- 
scribed tirnt.  While  this  process  is  going  on.  a  conical  bnlb  appears  at  the  bottom  of  the 
follicle.  The  ennmel-organ,  formed  from  the  epithelial  band,  becomes  exoavftt^d  or  cap- 
aped  at  its  under  surface  and  fits  over  the  dental  bulb,  becoming  united  to  it. 

The  tooth,  at  this  time,  consists  of  the  dental  bulb,  with  the  enamel-organ  cjoaely 
tted  to  its  projecting  surfnee.  The  enamel-organ  tb  developed  into  the  enamel ;  the 
dentnl  bulb,  which  is  ]*rovidcd  with  vessels  and  nerves,  becomes  tlie  tooth-pulp;  and, 
upon  the  snrtace  of  the  dental  bolb,  the  dentine,  or  ivorv,  is  developed  in  successive 
lajers.  The  cement  is  developed  by  successive  layers  upon  that  portion  of  the  dentine 
which  fi>rra9  the  root  of  t!ie  tooth.  As  these  processes  go  on,  the  tooth  projects  more 
and  more,  the  upper  part  of  the  wall  of  the  follicle  gives  way,  and  the  tooth  finally 
appears  at  the  surface, 

>  The  peiiodc  of  developmcDt  Indleitt^  for  thex^  dl(i|rramft  &re  iomewhat  ejirtfer  thin  tboM  which  ««  hftvo 
■ot«d  lo  the  text;  but  It  Is  im possible  to  fix  tbeM  wlib  nbsolute  Mcancy,  uid  iill  tbo  eatii]»t4?«  trlreti  bv  «uthon  ire 
vndervtood  to  be  merely  ApproxlmatlTe. 
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The  pormanent  teeth  are  developed  beneath  the  foUides  of  the  temponirjr.  or  i 
teeth.     The  first  appetirjince  is  &  prolongation  or  diTerttculum  from  the  eiuiiiiel-or^nal 
the  temporary  toothy  which  dips  more  deeply  into  the  mucous  strQcturt\     Thif  1 
the  eimmci-urgan  of  the  permaDent  tooth ;  and  the  succesdre  $t4ige9  of  devtli 
the  dental  follicles  and  the  dental  ]»ulp  process  in  the  same  way  as  in  the  I 
toGth.     As  tlie  permAnent  t^eth  increase  in  &ize,  they  gradually  encroach  upon 
o(  the  temporary  teeth.    The  roots  of  the  latter  are  absorbed,  Uie  permanent  teeth  ^^^[ 


Fto*  Wk— Temporary  and  pirmammtt  <mA*    (^tpp^r.) 

:  «\  ^  tomptiruy  pofUvior  molars;  9^(k,  pemuinctit  crntnl  IBclior*:  T,  T«  MBUMttt  liftei 
riuiuiviii  omaxirt ;  S«,  9,  peniiKiiciit  first  Wcus{>l(b  ;  Itl^  30^  pcmuuHbt  Mcood  u«aa|»id*;  ti*  11^ 


vance  more  and  more  toward  the  anrface,  and  the  erown  of  each  temjwjrarr  tootJ 
finally  pushed  out,     Tlie  number  of  the  temporary  teeth  is  twenty,  while  ther« 
thirty-two  permanent  teeth.     Thus  there  are  three  permnocut  teeth  on  eitUt-r  sii!U* 
both  jaws,  which  ere  developed  dr  noro  and  are  not  precede<l  by  temporary  Htructi 

The  first  dental  follicles  osnally  appear  in  re^lar  succession.  The  fnlliclca  for  j 
internal  incisors  of  tlie  lovrer  jaw  appear  first,  tliis  occnrriui?  at  about  tbo  ninth  w< 
All  of  tbe  follicles  for  the  temporary  teeth  are  completely  formed  at  abont  the  drrc 
or  the  twelfth  week. 

The  temporary  teeth  appear  socccssively,  the  corresponding  teeth  appearing  i 
earUer  in  the  lower  jaw.    The  usual  order,  subject  to  cert^iin  exceptional  far 
according  to  Sappey,  is  as  follows : 

The  four  central  incJaom  appear  Irom  i^x  to  ci|:ht  months;  after  birth. 

The  four  kteral  btdaoTi  appear  ftom  aercn  to  twelre  mouths  utter  birth, 

Tbe  four  imtcrior  molArs  appear  fVom  twelve  to  ciipjhteen  mouths  after  birth. 

The  four  canines  appear  from  sixteen  to  twenty-ff»ur  months  after  birtli. 

The  four  (»os1erior  molurs  tippeiir  from  twenty-four  to  lhirty-«ijt  mQutlis  aAer  hlrth. 
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Tbe  ordtu*  of  eruption  of  the  permanent  teeth  is  as  follows : 

Th<j  two  centriLl  iuciaorst  uf  the  lower  jaw  appear  from  the  siith  to  the  eighth  TMr. 

The  tvf*  central  meiaorh  of  the  upper  jaw  appear  from  the  seventh  to  ihe  eighth  year* 

The  four  lateral  iiiciflors  appear  from  the  eii^hih  to  the  miith  year* 

The  four  fir^t  bicuspids  appear  from  the  iiinih  to  the  tenth  year. 

The  four  c^uiines  appear  from  tht«  tenth  to  the  eleventh  year. 

The  four  tecond  bicuapids  appear  from  the  twelfth  to  the  thirteenth  yean 

The  ftliovc  are  the  permanent  teeth  which  repltice  the  temporary  teeth,    The  per- 
manent teeth  which  are  develuped  de  novo  appear  m  follows : 

The  first  raolart  appear  from  the  uiAth  to  the  aeventh  year. 

The  second  molam  appear  from  the  twedth  lo  the  thirteeutli  year. 

The  thii-d  molars  appear  from  tbe  suveuteenth  to  tbe  twenty-first  year. 


Development  of  the  GenitO' Urinary  Sf/Mern, 

The  geDital  and  the  urinary  organs  are  developed  together  and  are  both  preceded  hy" 
the  appearance  of  two  large^  symmetrical  structures^  known  as  the  Wolffian  bodies,  or 
the  bodies  of  Oken.  These  are  sometimes  eolled  the  false  or  the  primordial  kidueys. 
They  appear  at  about  the  thirtieth  day,  develop  very  rapidly  on  either  side  of  the  «pinal 
column,  and  are  so  large  m  to  almost  fill  the  cavity  of  the  abdomen.  Fig.  307,  rep- 
resenting a  spedmen  in  the  posseBsion  of  Prof.  I^alton^  shows  how  Itirge  the^  bodies 
ore  in  the  early  life  of  the  embryon,  at  which  time  their  function  id  undoubtedly  very 
important. 

\ety  soon  after  the  Wolffian  bodies  have  made  their  appearance,  we  can  distinguish^ 
at  their  inner  borders,  two  ovoid  bodies,  which  are  finally  developed  into  the  testicles, 
for  the  male,  or  the  ovariea,  lor  the  fumale.  At  their  external  bonlerss  are  two  ducts, 
on  either  side,  one  of  which,  the  internal,  \s  called  the  duct  of  the  Woltlian  body.  This 
finally  disappears,  in  the  female,  but  it  is  developed  into  the  vas 
deferens,  in  the  male.  The  other  duet,  which  is  external  to 
the  duct  of  the  Wolffian  body,  disappear;*,  in  the  male,  but  it 
becomes  the  Fallopian  tube,  in  the  female.  This  la  known  as 
the  duct  of  Mdller.  lieJiind  tlie  Wolffian  bodiei?,  are  devel- 
oped the  kidneys  and  tlie  suprarenal  capsules. 

As  the  develoj>ment  of  the  Wolffinu  bodies  attains  itsmaxi- 
mnm,  their  structure  becomes  soTiiewhut  complex.  From  their 
proper  duets,  which  are  applied  directly  to  their  outer  bor- 
dersL,  tubes  make  their  appearance  at  rifjht  angles  to  the 
dacta,  which  extend  into  the  substance  of  tbe  bcidies  and  be- 
come somewhat  convoluteil  at  their  extremities.  These  tubes 
commtmicate  directly  with  the  iliirts,  and  the  ducts  them- 
selves open  into  tbe  lower  jmrt  of  the  intestinal  canal,  oppo- 
site to  the  point  of  its  communication  with  tlie  allantois.  The 
tubes  of  the  Wolffian  bodies  are  simple,  termioating  in  single, 
somewhat  dihited,  blind  extremities,  are  lined  with  epithe- 
Itnm,  and  are  penetrated,  at  their  extremities,  by  blood-vessels,  which  form  coils  or  con- 
Tolutions  in  their  interior.  These  are  undoubtedly  organs  of  depuration  for  the  embryon 
and  take  on  tlie  function  to  be  subsequently  assumed  by  the  kidneys;  but  in  the  female, 
thej  are  temporary  structures,  disappearing  as  development  advances,  and  having  noth- 
ing to  do  with  tlie  development  of  tbe  true  urinary  organs. 

The  testicles  or  ovaries  arc  developed  at  the  intern.il  and  anterior  surface  of  the  Wolf- 
fian bodies,  first  appearing  in  the  I'unii  of  small,  ovoid  masses.  Bejnnning  just  above 
and  passing  along  the  external  borders  of  the  Woltfian  b<Tdie8,  are  the  tubes  called  the 
duets  of  Mailer.    These  at  first  open  into  the  intestine,  near  the  point  of  entrance  of  the 


Fio.  mi-^Fmiat  ffi{j,  %  of  at) 
inch  lotiff.  KriJni  »  Npccini«ii 
in  tlie  pu«sc(iiilQii  of  Pnjf.  Dal- 
ton. 

1,  ho«rt;  2,  Mitprlrif  fxtwmlty: 
8,  n*i*tt'rlur  ertromltr :  4, 
\Volflli-  »"-'<        1  * '    ■»'<1mn' 

in  or'  HloD 

of  tbe  V ^..  ....,  . 
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WolfSan  dncts.  In  the  female,  their  npper  extremities  remain  free,  except  the  single 
fimbria  which  is  connected  with  the  ovary.  .  Their  inferior  extremities  unite  with  each 
other,  and,  at  their  point  of  nnion,  they  form  the  uterus.  When  this  union  is  incomplete, 
we  have  the  malformation  known  as  double  uterus,  which  may  be  associated  with  a 
double  vagina.  The  Wolffian  bodies  and  their  ducts  disappear,  in  the  female,  at  about 
the  fiftieth  day.  A  portion  of  their  structure,  however,  persists,  in  the  form  of  a  col- 
lection of  closed  tubes,  constituting  the  parovarium,  or  organ  of  RosenmQller. 

In  the  female,  the  ovaries  pass  down  no  farther  than  the  pelvic  cavity ;  but  the  testi- 
cles, which  are  at  first  in  the  abdomen  of  the  male,  finally  descend  into  the  scrotum. 
As  the  testicles  descend,  they  carry  with  them  the  Wolffian  duct,  that  portion  of  the 
Wolffian  body  which  is  permanent  constituting  the  head  of  the  epididymis.  At  the 
same  time,  a  cord  appears,  attached  to  the  lower  extremity  of  the  testicle  and  extending 
to  the  symphysis  pubis.  This  is  called  the  gubernaculum  testas.  It  is  at  first  muscular, 
but  the  muscular  fibres  disappear  during  the  later  periods  of  utero-gestation.  It  is  not 
known  that  its  muscular  strncture  takes  any  part,  by  contractile  action,  in  the  descent 
of  the  testicle  in  the  human  subject.  The  epididymis  and  the  vas  deferens  are  formed 
from  the  Wolffian  body  and  the  Wolffian  duct. 

At  about  the  end  of  the  seventh  month,  the  testicle  has  reached  the  internal  abdom- 
inal ring ;  and,  at  this  time,  a  double  tubular  process  of  peritoneum,  covered  with  a  few 
fibres  from  the  lower  portion  of  tlie  internal  oblique  muMjIe  or  the  abdomen,  gradually 
extends  into  the  scrotum.  The  testicle  descends,  following  this  process  of  peritoneum, 
which  latter  becomes  eventually  the  visceral  and  parietal  portion  of  the  tunica  vaginalis. 
The  canal  of  communication  between  the  abdominal  cavity  and  the  cavity  of  the  scrotum 
is  finally  closed,  and  the  tunica  vaginalis  is  separated  from  the  peritoneum.  The  fibres 
derived  from  the  internal  oblique  constitute  the  cremaster  muscle. 

At  the  eighth  or  the  ninth  month,  the  testicles  have  reached  the  external  abdominal 
ring  and  then  soon  descend  into  the  scrotum.  The  vas  deferens,  as  we  have  seen,  passes 
from  tlie  testicle,  along  the  base  of  the  bladder,  to  open  into  the  prostatic  portion  of 
the  urethra;  and,  as  development  advances,  two  sacculated  diverticula  from  these  tubes 
make  their  appearance,  which  are  attached  to  the  bladder  and  constitute  the  vesicuhu 
seminales. 

As  the  ovaries  descend  to  tlieir  permanent  situation  in  the  pelvic  cavity,  there  appears, 
attached  to  the  inner  extremity  of  each,  a  rounded  cord,  analogous  to  the  gubernaculum 
testis.  A  portion  of  this,  connecting  the  ovary  with  the  uterus,  constitutes  the  ligament 
of  the  ovary  ;  and  the  inferior  portion  forms  the  round  ligament  of  the  uterus,  which 
passes  through  the  inguinal  canal  and  is  attached  to  the  symphysis  pubis. 

The  development  of  the  external  organs  of  generation  will  be  studied  after  we  have 
described  tlie  development  of  the  urinary  apparatus. 

Development  of  the  Urinary  Apparatus. — Behind  the  Wolffian  bodies,  and  developed 
entirely  independently  of  them,  the  kidneys,  suprarenal  capsules,  and  ureters  make  their 
appearance.  The  kidnevs  are  developed  in  the  form  of  little,  rounded  bodies,  composed 
of  short,  blind  tubes,  all  converging  toward  a  single  point,  which  is  the  hilum.  These  tubes 
increase  in  length,  branch,  become  convoluted  in  a  certain  portion  of  their  extent,  and 
finally  assume  the  structure  and  arrangement  of  the  renal  tubules,  with  their  Malpighian 
bodies,  blood-vessels,  etc.  They  all  open  into  the  hilum.  At  the  same  time  that  the  kid- 
neys are  underfxoing  development,  the  suprarenal  capsules  are  formed  at  their  superior 
extremities.  These  bodies,  the  function  of  which  is  unknown,  are  relatively  so  muclj 
larger  in  the  fa»tus  than  in  the  adult,  that  they  have  been  supposed  to  be  peculiarly 
important  in  intra-uterine  life,  though  nothing  definite  is  known  upon  this  point.  The 
kidneys  are  relatively  very  large  in  the  foetus.  Their  proportion  to  the  weight  of  the 
body,  in  the  fa;tus,  is  1  to  80,  and,  in  the  adult,  1  to  240.  The  ureters  are  undoubtedlv 
developed  as  tubular  processes  from  the  kidneys,  which  finally  extend  to  open  into  the 
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bladder.    This  fact  is  shown  by  certain  cases  of  malformation,  in  which  the  ureters  have 
not  reached  the  bladder,  but  terminate  in  blind  extremities.    The  development  of  the 


Fio.  SQ^—Diafframmatlc  representation  qf  the  genito-urinary  eystem.    (Ileiile.) 
A,  embrvniilc  condition.  In  which  there  is  no  distinction  of  sex ;  B,  female  form ;  C,  male  form.    The  dotted  lines  In 

B  and  C  represent  the  situations  which  the  male  and  female  genital  organs  assume  after  the  descent  of  the  oyaries 

and  testicles.    The  small  letters  in  B  and  C  correspond  to  the  capital  letters  in  A. 
Fig.  908  A.~A,  kidney;  B,  ureter;  C,  bladder;  D.  urachus,  developed  into  the  median  ligament  of  the  bladder;  E, 

constriction  which  becomes  the  urethra ;  F',  Wolffian  body ;  O.  Wolffian  duct,  with  iU  opening  below,  G' ;  II, 

dnet  of  M&ller,  united  below,  firom  the  two  sides,  into  a  single  tube.  J.  which  presents  a  single  ojpening,  J'. 

between  the  openings  of  the  Wolffian  ducts;  K,  ovary  or  testicle;  L,  gubemacnlnm  testis  or  round  hgament  of 

the  ntemt:  It,  genito-urinary  sinus;  N,  O.  external  genitalia. 
Flf.  aoa,  B  (tasie)b— e,  kidney;  b,  ureter;  o.  bladder;  d,  urachus;  e,  urethra:  f.  remains  of  the  WoliSan  body  (pero- 

▼wfiim);  g;  remnant  of  the  Wolffian  duct;  h.  Fallopian  tube ;  i,  uterus  ;  I,  vagina  ;  k,  ovary;  1,  round  ligament 

of  tlM  VMrns:  m,  extremity  of  the  urethra;  n,  clitoris;  n'  corpus  caremosum  of  the  clitoris;  n'',  bulb  of  the 

▼eetlbale ;  o,  external  genital  opening;  p.  excretory  duct  of  the  gland  of  Bortholinus. 
Fig.  808,  0  (iiiale).^^  kidney ;  b,  ureter ;  o,  bladder  ;  d,  urachus ;  e,  m.  urethra ;  1^  epididvmis ;  g,  -vas  deferens ;  g', 

MmiiMU  TeeMe ;  ft\  ^lacnlatory  duct ;  b,  i,  remains  of  the  duct  of  M&Iler ;  k,  testicle ;  \  gnbemacnlum  testis ;  n, 

n',  B%  nntliin  niia  penis;  o,  sorotom ;  p,  gland  of  Cowper;  q,  prostate. 
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gemto-uriimiy  qratem  can  be  readilj  nnderatood,  after  the  deeef^ptioii  we  liave  Joe  ^^i*. 
giTen,  by  a  study  of  fig.  808. 

^eternal  Orffoia  qf  Gensratim^ — ^The  external  organa  of  gaieration  be^  to  h^^ 
deTeI(^>ed  at  about  the  fifth  weeki   At  the  inferior  extremity  of  the  body  of  the  embryoi^ 
a  amall,  ovoid  eminence  appears  in  the  median  Une,  at  the  lower  portion  of  which  th^^v 
ia  a  longitudinal  slit,  which  forma  the  common  opening  of  the  anna  and  the  gemtal  ani/ 
nrinary  paBeages.    This  is  the  doaca.    There  is  soon  deyeloped,  internally,  a  septan^ 
which  aepsnAes  the  rectom  from  the  vagina,  the  nrethra  of  the  female  opening  above. 
In  the  male,  this  septom  is  developed  between  the  rectnm  and  the  nrethn,  the  geno^ 
ative  and  the  urinary  passages  opening  together.    From  this  median  prominence,  two 
lateral,  ronnded  bodies  make  their  appearance.    Theae  are  developed,  with  the  median 
elevation,  into  the  glans  penis  and  corpora  cavernosa  of  the  male,  or  into  the  ditcffis  and 
the  labia  minora  of  the  female.    In  the  male,  these  two  lateral  {Hxmiinencea  nnite  in  the 
median  line  and  enclose  the  spongy  portion  of  the  nrethra.    When  there  ia  a  want  of 
nnion  in  the  cavemooa  bodies  in  the  male,  we  have  the  malfoimation  known  as  hypospa- 
dias.    In  the  female,  there  is  no  nnion  in  the  median  line,  and  an  opening  remains 
between  the  two  labia  minora.     The  scrotam  in  the  male  is  analogoaa  to  the  labia 
minora  of  the  female;  the  distinction  being  that  the  two  rides  of  the  sorotom  nnite 
in  the  median  line,  while  the  labia  migora  remain  permanently  separated.    This  anal- 
ogy is  fiurther  iUustrated  by  the  anatomy  of  inguinal  honia,  in  which  the  intestine 
descends  into  the  labia,  in  the  female,  and  mto  the  scrotum,  in  the  male.    It  sometiiDcs 
oocurs,  also,  that  the  ovaries  descend,  very  much  as  the  testicles  pass  down  in  the  male, 
and  pass  through  the  external  abdominal  ring. 

From  the  above  description,  it  is  easy  to  imagine  how  malformation  and  malposition 
of  the  genital  wgans  may  occur,  so  that  it  is  difficult  to  determine  the  sex  of  the  indi- 
vidual We  may  have,  in  a  male,  absence  of  beard  and  a  certrin  degree  of  development 
of  the  mammary  glands,  with  a  pelvic  conformation  approximating,  more  or  less,  that  of 
the  female ;  and,  on  the  other  hand,  a  female  may  have  a  beard,  slight  mammary  devel- 
opment, and  a  general  conformation  of  the  body  resembling  that  of  a  male.  This  may 
be  associated  with  corresponding  malformations  of  the  genital  organs.  We  may,  for 
example,  have  a  large  development  of  the  clitoris,  descent  of  the  ovaries,  more  or  ler^s 
complete  occlusion  of  the  vagina,  and  union  of  the  labia  mtgora,  so  that  it  is  difficolt  to 
determine  the  sex  from  an  external  examination ;  and  opposite  vices  of  formation  may 
occur  in  the  male,  tlie  testicles  remaining  in  the  pelvic  cavity.  It  is  not  surprising, 
therefore,  that  beings  have  existed  of  undetermined  sex,  and  many  cases  of  this  kind  are 
on  record.  Two  cases  have  been  reported  in  which,  apparently,  the  two  sexes  were 
combined.  The  first  case  was  presented  to  the  Medical  Society  of  Vienna,  by  Roki- 
tansky,  in  1869.  This  case  presented,  on  post-mortem  examination,  two  ovaries  with 
their  Fallopian  tubes,  u  rudimentary  uterus,  a  testicle,  and  a  vos  deferens  containing 
spermatozoids.  This  individual  menstruated,  had  an  imperfect  penis,  and  a  bifid  scro- 
tum. The  sexual  indifference  was  absolute.  The  second  case  was  published  by  Ilepp- 
ner,  in  1872.  Tliis  was  a  child,  six  weeks  old,  which  had  been  preserved  in  alcohol  for 
several  years.  It  presented  ovaries.  Fallopian  tubes,  a  uterus,  and  a  vagina  opening  into 
the  nretlira.  There  were  also  two  bodies  which  were  shown,  upon  microscopical  examioa- 
tion,  to  be  testicles,  a  penis  with  hypospadia,  and  a  prostate ;  but  there  were  neither 
vesiculo)  seminak'S  nor  vasa  deferentio. 

Development  of  the  Circulator}/  System, 

The  blood  and  the  blood-vessels  are  developed  very  early  in  the  life  of  the  ovum  and 
make  their  appearance  nearly  as  soon  as  the  primitive  trace.  The  mode  of  development 
of  the  first  vessels  differs  from  that  of  vessels  formed  later,  as  they  appear  de  noto  in  the 
blastodermic  layers,  wliile  afterward,  vessels  are  formed  as  prolongations  of  preexisting 
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Boon  after  the  externnl  and  the  iiiternfil  bias^toderniic  tuembranes  have  heuome 
»*jf»arated  from  each  other,  ami  tlje  interrnediato  loembraae  has  been  Ibrnied  at  the 
thickened  portion  of  the  ovnm  wliicdi  h  destined  to  he  deveh.»i>ed  into  the  ernbryon,  eer- 
tain  of  tlio  blastodermic  cells  imdergjo  a  translbrmatiun  into  bhjod-corinisele&»  Tliese  aro 
larger  tlian  the  blood- cor pu^^it'leii  of  the  adult  and  are  generally  nucleated.  At  about  tlie 
wiuio  lime  (it  may  ho  before  or  after  the  appearance  of  the  corpuscles,  lor  this  point  is 
undeternuned)  certain  of  the  blastodomiic  cells  fuse  with  each  other  and  aiTange  thom- 
ftclves  «o  as  to  form  vessels.  Leucocytes  are  probably  developed  in  the  same  way  as  tht> 
red  corpuscles.     The  vessels  thus  formed  constitute  the  ai'ea  vasculosa,  which  h  tho 

Enin^j  of  what  is  known  as  the  first  circulation, 
is  evident  that  the  relatione  of  the  embryonut  diUerent  stages  of  development  inubt 
re  certain  variations  in  tlie  arran^^cinent  of  the  circulatory  system,  ine  ovum  iiaBi, 
of  course,  no  vascular  connection  with  the  mother  before  the  tormatiun  ui  the  ailantols. 
It  has  undergone,  however,  a  certain  degree  of  development,  and  piHjsents  a  circulator" 
system,  which  extends  over  the  umbilical  vc^icie.  ihis  stage  of  development  o^  the  vas- 
cular system  constitutes  what  is  known  us  tlie  first  circulation.  As  tlie  allautois  is  devel- 
oped^ the  circulation  over  tue  Qinbilicai  vesicle  becomes  nnimijortant,  and  its  vessels  disap- 
pear. V^cssels  then  extend  into  the  allantols.  are  tiiially  developed  into  iho  foetid  portion 
I  of  the  placenta,  and  what  is  known  as  the  second  circulation  is  estabUshed,  This  circu- 
latton  continues  throughout  intra- uterine  life,  and,  as  we  know,  the  embryon  and  fct tna 
deiM>nd  entirely  npon  the  placenta  for  materials  fur  respiration^  nutrition,  and  ^'rowth. 
At  birth,  the  ''eqairements  are  again  changed.  The  placentid  circulation  is  then  abol- 
ifthed,  and  the  arrangement  of  vessels  peculiar  to  it  disap[>ear8.  Now,  for  the  first 
time,  the  pulmonary  circulation  becomes  important  All  the  blood  passes  through  the 
tnngii  before  it  is  SL^nt  to  the  general  system,  the  two  sides  of  the  heart  becume  com- 
pletely separated  from  each  other,  and  the  third,  the  pulmonary,  or  adult  circulation,  is 
established, 

77te  Fiffit^  or  VifeUinfi  Circulation. — In  the  development  of  oviparous  animals,  the 
first,  or  vitelline  circulation  is  very  important ;  for,  by  these  vessels,  the  contents  of  the 
nutritive  yolk  are  taken  up  and  carried  to  the  embryon,  constituting,^  the  only  source  of 
material  for  its  nutrition  and  growth.  In  mnumuds,  however,  nutritive  matter  is  ab- 
sorbed almo>t  exclusively  from  tlie  iimther,  by  sira|de  endosmosis,  before  the  placental 
eircnlatlon  is  established,  and  by  the  [dttcental  vessels,  nt  a  later  period.  The  vitelline 
circnlation  is  tberefore  not  important,  nnd  the  vessels  disappear  with  the  atrophy  of  the 
arahflical  vesicle. 

The  area  vasculosa,  in  uiammals,  consfats?  of  vessels  coming  from  the  body  of  tho 
embryon»  forming  a  nearly  circular  plexus  in  the  substance  of  the  vitellus,  around  the 
embryon.  The  vessels  of  this  plexus  open  into  a  sinus  at  the  border  of  the  area,  called 
the  «inas  terminalis.  It  is  probable  that  these  vessels  are  developed  d§  novo  in  the  luter- 
tnediate  blastodermic  layer  and  are  not  preceded  by  a  distinct  membrane;  but  such  a 
membrane  has  been  described  under  tlie  name  of  the  va«K'ular  blastodermic  layer. 

If  we  examine  the  ovnm  wheu  the  area  vasculosa  Is  first  formed,  we  see  the  embryon 
lying  in  the  direction  of  the  diameter  ()f  the  nearly  cireitlur  plexus  of  blood-vessels.  The 
plexus  surrounds  the  einbryon,  except  at  the  cephalic  extremity,  where  the  terminal 
sinnses  of  the  two  sides  curve  downward  toward  the  heud,  to  empty  into  the  omphala- 
mesentertc  veins.  As  the  umbilical  vesicle  is  separated  from  the  body  of  the  embryon, 
it  carries  the  plexus  of  vessels  of  the  area  vasculosn  with  it,  the  vessels  of  communication 
with  the  embryon  being  the  omphalo-mesenteric  ai'teries  and  veins.  As  these  processes 
are  going  on,  the  great  central  vessel  of  the  embryon  becomes  enlarirod  and  twisted  upon 
itselfi,  at  a  point  ju*pt  below  the  cephalic  enlargement  of  the  embryon,  between  the  inferior 
extremity  of  the  pharynx  and  the  superior  ctd-rie-iia^  of  the  intestinal  canal.  The  exc4i- 
vation  which  receives  this  vessel  13  called  the  fovea  card i oca.    The  ditferent  stages  of 
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development  of  the  hearty  which  ia  formed  of  the  twist«?d  portion  of  the  c^antntl  xt 
will  be  descnbeU  tnrtlcT  un*    8ituple^  uudulatory  movemeDtB  take  place  m  tht»  heart  ( 
the  chick  at  about  the  middle  of  tite  second  day;  but  there  b  not^  at  tluit  time, 
re^lar  circQlation.     At  the  end  of  tho  second  day  or  the  beginning  of  the  tliird,  the  cu 
n*nts  of  the  circiilation  are  estubllshed.    The  time  of  the  first  appearance  of  the  ctrcQla* 
tiun  in  the  haman  enibryun  has  not  been  accurately  delennined. 


Fm.  300,— ,-Jr.,r   ..■^.:  ,,^..s,^    Jts^rti*»m) 
Oi  a,  6,  slntUi  termlsAills ;  c,  ompbalo-mesenteric  Tdn ;  <f ,  li^rt ;  ^/,/ 


pMMftor  T»ttbnl  utotem 


In  the  arrangement  of  the  vesaels  for  the  first  circulation  of  the  embrjon,  the  1 
situated  exactly  in  the  median  line  and  give^  off  two  arehea  which  curve  to  either  fii 
and  unite  into  a  single  central  trunk  at  the  *!pinal  coliinm  below.  These  are  the  two  aor 
and  the  single  trunk  formed  by  their  uniou  beroiues  the  abdominal  aorta.  The  two  i 
arches,  one  of  which  only  is  permanent,  ore  sometimes  called  the  inferior  vertebral  aiteria 
These  vessels  give  off  numerous  brnnrbcs,  whic)i  pass  into  the  area  vn-^culosa.  Two  i 
these  branches^  however,  are  larger  than  the  others,  puss  to  the  umbilical  vewcle,  aziiJ  i 
called  the  omphalo-mesenterie  arteries.  In  the  ombryon  of  mamma^  there  are,  at  fir 
four  omphaJo- mesenteric  veins,  two  superior,  which  are  tlie  lar)ier»  and  two  inferia 
but,  as  development  advances,  the  two  inferior  veins  are  closed,  and  we  then  have  ti 
omphalo-Tnesenteric  arteries  and  two  omplmlo-mesenteric  veins*  At  about  ihi?  fortic 
day,  one  artery  and  one  vein  dirt?^ppear,  and  we  have  then  but  one  omphalo-me^enteij 
artery  and  one  vein*  Soon  aff^T,  as  the  circuhition  becomes  established  in  the  tillantc 
the  vessels  of  the  umbilical  vesicle  and  the  omphalo-mcscnteric  vessels  are  oblit 
and  the  first  circulation  ia  supcr*teded  by  the  second. 

As  the  septum  between  the  two  ventricles  makes  its  appearance,  tliat  division  oft 
right  aortic  arch  which  constitutes  the  vascular  portion  of  one  of  the  branchiaJ  arches* 
appears  and  loses  its  connection  witb  the  abdominal  aorta;  a  branch,  however,  pergisl 
during  the  whole  of  intra-uterine  life  und  constitutes  the  ductus  arteriosus^  and  anotJ 
branch  is  permanent,  forming  the  pulmonary  artery. 
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7%e  Second^  &r  Plaeental  Circulation. — As  tho  ompbnlo-mesenteric  vessels  disappear, 
and  aa  the  nllantois  ia  developed  to  form  the  cliorioii,  two  vea-jels  (the  li>*pogastric  arte- 
ries) ttfc^  given  off,  first  from  the  abdominal  uurtii;  bnt  allerwnrd,  m  the  vessels  going  to 
the  iower  oxtreniitiea  are  developed,  tlie  Vranclnng  of  tlie  aMominal  Hortii  is  such  that 
the  vessels  become  co?inect*-'d  with  the  internal  iliae  arteriefi.  The  hyptiga«<tnc  arteries 
pttim  to  the  chorion  tlirough  the  umbilical  cord  and  constitute  the  two  umbilical  arteries. 
At  first,  there  are  two  umbUiea]  veiD<;  but  one  of  tlieui  ulterward  disappciirs,  and  there 
is  finally  but  one  vein  in  the  umbilical  cord.  It  is  in  this*  way — the  uirjbiiical  arteries  car- 
rying the  blood  to  the  tufts  of  the  fa*tal  placenta,  which  i§  returned  by  llie  umbilical 
vein — that  the  placental  circulation  is  established. 

Oorrespooding  to  the  four  viscera!  arches,  which  we  have  described  in  connection  with 
bo  development  of  the  facc%  are  four  vfo*cnlnr  archen.  One  of  these  drsiippears,  and  tlie 
iiuiining  three  undergo  certain  ch;inge^,  by  which  they  are  converted  into  the  ve&sela 
"going  to  the  head  and  the  superior  extremities.  The  anterior  arche<i  on  the  two  mdea 
arc  converted  into  the  carotids  and  pubcbiviuns;  the  second,  on  the  letY  ?idc%  Is  converted 
into  tiie  permanent  aorta,  and  the  right  is  obliterated ;  the  third,  on  either  side,  is  con- 
^Verted  into  the  right  and  left  pulmonary  arteries.  In  the  early  st.nges  of  the  develop- 
tni  of  the  vascular  6tystem  of  roaniraals,  tho  conditions  hav*?  been  coiti pared  to  the  per- 
nanent  arrangement  of  the  circulatory  system  in  fisuhes.  The  heart  of  fishes  remains 
single ;  and  tho  heart  of  mammals  is  at  first  single,  but  afterward  it  becomes  divided  by  the 
development  of  the  intra- ventricular  septum.  The  branchial  arches  in  tisht^s  tire  perma- 
nent, they  receive  all  the  blocxl  from  the  aortic  bulb,  and  the  blood 
from  these  arches  then  passes  into  the  dorsal  aorta.  This  is  very 
nearly  the  condition  of  the  vascular  system  wlien  the  branch itd 
arches  first  appear  in  the  embryon  of  mammals. 

The  changes  of  the  branchial  arches  which  we  have  described 
are  illnstrated  in  tlie  di.igramraatio  Fig,  310.  In  this  figure,  the 
three  branchial  arclics  that  remain  and  particiimte  in  the  devel- 
opment of  the  upper  portion  of  the  vascular  system  are  1,  2,  «, 
on  either  side.  The  two  anterior  (*J,  l\)  become  the  carotids  ^/r,  r) 
and  the  subHavians  (s^  fK  The  second  ("2,  2)  is  obHteratLHi  on  tho 
rigli*  side,  and  becomes  the  arch  of  the  aorta  on  the  left  side. 
The  third  (1,  1),  counting  from  above  dosvnwurd,  is  converted 
into  the  pulmonary  arteries  of  the  two  sides.  Upon  the  left  side, 
tliere  is  a  large  anastomosing  vessel  (<*/f),  between  the  pnlmoniiry 
nrtery  of  that  side  and  tho  arch  of  the  aorta,  which  is  the  duptu*^ 
arteriosus.  The  anastomosing  vessel  (cd)  between  the  right  pul- 
monary artery  and  the  aorta,  is  obliterated. 

The  mode  of  development  of  the  veins  is  very  simple.  Two 
venous  trunks  make  their  appearanre  by  the  sides  of  the  spinal 
eolumn,  which  are  called  the  cardinal  veins,  and  run  parallel  with 
tlie  iU[>erior  vertebral  arteries,  or  the  two  aortw,  emptying  finally 
into  the  auricular  portion  of  the  heart  by  two  cannKs  which  are 
ealled  the  canals  of  Cuvier.  These  veins  change  their  relntions 
and  connef'tions  as  the  first  circulation  is  repluceil  by  tlie  second. 
The  omphalo-inesenteric  vein  opens  into  the  heart  between  the 
two  canals  of  Cuvier,  As  development  advances,  the  liver  is 
formed  in  the  course  of  this  vessel,  a  short  distance  below  the 
heart,  and  the  vein  ratnifies  in  its  substance;  so  that  tho  blood  of 
the  omphalo-meaentcric  vein  passes  through  the  liver  before  it 
gets  to  the  heart.  We  have  seen  that  the  om pi lalo- mesenteric  vein  is  obliterate*!  as  the 
cmbillcal  vein  makes  its  appearance.  The  Idood  from  ttie  umbilical  vein  is  at  first 
emptied  directly  into  the  heart ;   but  this  vessel  soon  eatAblisbcs  the  same  relations 
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with  the  liver  as  the  omphalo-inesenteric  vein,  and  its  blood  passes  through  the  liver 
before  it  reaches  the  central  organ  of  the  circulation.  As  the  omphalo-mesenteric  vein 
atrophies,  the  mesenteric  vein,  bringing  the  blood  from  the  intestinal  canal,  is  developed, 
and  this  penetrates  the  liver,  becoming,  finally,  the  portal  vein. 

As  the  lower  extremities  are  developed,  the  inferior  vena  cava  makes  its  appearance 
between  the  two  inferior  cardinal  veins.  This  vessel  receives  an  anastomosing  branch 
from  the  umbilical  vein,  before  it  penetrates  the  liver,  and  this  branch  is  the  ductus 
venosus.  As  the  inferior  vena  cava  increases  in  size,  it  conmiunicates  below  with  the 
two  inferior  cardinal  veins ;  and  that  portion  of  the  two  inferior  cardinal  veins  which 
remains  constitutes  the  two  iliac  veins.  The  inferior  cardinal  veins,  between  that  portion 
which  forms  the  iliac  veins  and  the  heart,  finally  become  the  right  and  the  left  azjgos 
veins. 

The  right  canal  of  Cuvier,  as  the  upper  extremities  are  developed,  enlarges  and  be- 
comes the  vena  cava  descendens,  receiving,  finally,  all  the  blood  from  the  head  and  the 
superior  extremities.  The  left  canal  of  Cuvier  undergoes  atrophy  and  finally  disappears. 
The  upper  portion  of  the  superior  cardinal  veins  is  developed  into  the  jugulars  and  sub- 
clavians  on  the  two  sides.  As  the  lower  portion  of  the  left  cardinal  vein  and  the  left 
canal  of  Cuvier  atrophy,  a  venous  trunk  appears,  connecting  the  left  subclavian  with  the 
right  canal  of  Cuvier.  This  increases  in  size  and  becomes  the  left  vena  innominata,  which 
connects  the  left  subclavian  and  internal  jugular  with  the  vena  cava  descendens. 

Levelopment  of  the  Ueart, — The  central  enlargement  of  the  vascular  system  in  the 
first  circulation,  which  becomes  the  heart,  is  twisted  upon  itself  by  a  single  turn.  The 
portion  connected  with  the  cephalic  extremity  of  the  embryon  gives  origin  to  th^ 
arterial  system,  and  the  portion  connected  with  the  caudal  extremity  receives  the  blood 
from  the  venous  system.  The  walls  of  the  arterial  portion  of  the  heart  soon  become 
thickened,  while  the  walls  of  the  venous  portion  remain  comparatively  thin.  There  then 
appears  a  constriction,  wliich  partly  separates  the  auricular  from  the  ventricular  portion. 
At  a  certain  period  of  development,  the  heart  presents  a  single  auricle  and  a  single  ven- 
tricle. 

The  division  of  the  heart  into  two  ventricles  ai)i)ears  before  the  two  auricles  are  sepa- 
rated. This  is  ettcoted  by  a  septum,  which  gradually  extends  from  the  a])ex  of  the  heart 
upward  toward  the  auricular  portion.  At  the  seventh  week,  there  is  a  large  opening  be- 
tween the  two  ventricles.  This  ^^radually  closes  from  below  upward,  the  heart  becomes 
more  pointed,  and  the  sei)aration  ol'  the  two  ventricles  is  complete  at  about  the  end  of  iLe 
second  month. 

At  about  the  end  of  the  second  month,  a  septum  begins  to  be  formed  between  the 
auricles.  This  extends  from  the  base  of  the  heart  toward  the  ventricles,  but  it  leaves  an 
opening  between  the  two  sides  (the  foramen  ovale,  or  the  foramen  of  Botal)  which  j)er- 
sists  durinir  the  whole  of  fi'tal  life.  At  the  anterior  edge  of  the  opening  of  the  vena 
cava  ascendens  into  the  riirht  auricle,  there  is  a  membranous  fold,  which  projects  into 
the  auricle.  This  is  the  valve  of  Enstachius,  and  it  divides  the  right  auricle  incompletely 
into  two  portions. 

Durinjr  the  sixth  week,  the  heart  is  vertical  and  situated  in  the  median  line,  with  the 
aorta  arisini^  from  the  centre  of  its  ])ase.  At  the  end  of  the  second  month,  it  is  raised 
up  bv  the  developiiK'nt  of  the  liver,  and  its  point  presents  forward.  During  the  fourth 
month,  it  is  twisted  slifjbtly  upon  its  axis,  and  the  point  presents  to  the  left.  At  tlii? 
time,  the  auricular  ]>ortion  is  larjrer  than  the  ventricles;  ]>ut  the  auricles  diminish  in  thtir 
relative  capacity  durint?  the  latter  half  of  intra-uterine  life.  The  pericardium  makes  its 
appearance  durinj?  the  ninth  week. 

Karly  in  intra-uterine  life,  the  relative  size  of  the  heart  is  very  great.  At  the  second 
month,  its  weijrht,  in  proportion  to  the  weight  of  the  body,  is  1  to  50.  This  proportion, 
however,  gradually  diminishes  until,  at  birth,  the  ratio  is  1  to  120.     The  proportionate 


DEVELOPMENT  OF  THE  CIRCULATORY  SYSTEM.  936 

weight  in  the  adult  is  abont  1  to  160.  Daring  abont  the  first  half  of  intra-uterine  life, 
the  thickness  of  the  two  ventricles  is  nearly  the  same ;  but,  after  that  time,  the  relative 
thickness  of  the  left  ventricle  gradually  increases. 

Peculiarities  of  the  Fatal  Circulation. — In  studying  the  complete  course  of  the  blood 
in  the  foetus,  which  constitutes  the  second,  or  the  placental  circulation,  we  note  peculiari- 
ties in  two  portions  of  the  circulatory  system.  In  the  one,  ^  peculiar  arrangement  is 
necessitated  by  the  passage  of  blood  to  and  from  the  placenta ;  and  in  the  other,  the  char- 
acter of  the  blood  coming  from  the  placenta  necessitates  a  peculiar  arrangement  of  the 
heart  and  the  great  vessels. 

The  branches  from  the  internal  iliac  arteries,  which  pass  to  the  foetal  tufts  of  the  pla- 
centa, do  not  exist  in  the  adult.  The  ductus  venosus,  which  conveys  a  portion  of  the 
blood  of  the  umbilical  vein  to  the  vena  cava  ascendens,  and  the  umbilical  vein  itself  do 
not  exist  in  the  adult. 

The  Eustachian  valve,  situated  at  the  inner  margin  of  the  vena  cava  ascendens  as  it 
opens  into  the  right  auricle,  does  not  exist  in  the  adult.  The  foramen  ovale,  or  the  open- 
ing between  the  right  and  the  left  auricle,  through  which  the  blood  from  the  vena  cava 
ascendens  is  directed  into  the  left  auricle,  does  not  exist  in  the  adult.  The  ductus  arte- 
riosus, which  conveys  the  blood  from  the  left  pulmonary  artery  to  the  arch  of  the  aorta, 
does  not  exist  in  the  adult.  In  the  adult,  the  pulmonary  arteries  receive  all  the  blood 
from  the  right  ventricle.  In  the  foetus,  the  pulmonary  arteries  receive  a  small  quantity 
of  blood,  as  compared  with  that  which  passes  to  the  aorta  through  the  ductus  arteriosus. 
Keeping  in  view  these  peculiarities  of  the  circulatory  apparatus,  the  entire  course  of  the 
blood,  daring  foetal  life,  is  as  follows : 

Beginning  with  the  abdominal  aorta,  we  follow  the  course  of  blood  into  the  two 
primitive  iliacs,  and  thence  into  the  internal  iliacs.  From  the  two  internal  iliacs,  the  two 
hypogastric  arteries  arise,  which  ascend  along  the  sides  of  the  bladder  to  its  fundus,  thence 
pass  to  the  umbilicus  and  go  to  the  placenta,  forming  the  two  umbilical  arteries.  In  this 
way,  the  blood  of  the  foetus  goes  to  the  placenta. 

The  umbilical  vein  enters  tlie  body  of  the  foetus  at  the  umbilicus ;  it  passes  along  the 
margin  of  the  suspensory  ligament  to  the  under  surface  of  the  liver ;  it  gives  off  one 
branch  of  large  size,  and  one  or  two  smaller  branches  to  the  left  lobe ;  it  sends  a  branch 
each  to  the  lobus  quadratus  and  the  lobu8  Spigelii ;  and  the  vessel  reaches  the  transverse 
fissure.  At  the  transverse  fissure,  it  divides  into  two  branches,  the  larger  of  which  joins 
the  portal  vein  and  enters  the  liver;  and  the  smaller,  which  is  the  ductus  venosus, 
passes  to  the  vena  cava  ascendens,  at  the  point  where  it  receives  the  left  hepatic  vein. 
Thus,  the  greater  i>art  of  the  blood  returned  to  the  f(i?tus  from  the  placenta  passes 
through  the  liver,  a  relatively  small  quantity  being  emptied  into  the  vena  cava  by  the 
ductus  venosus. 

The  vena  cava  ascendens,  containing  the  placental  blood  which  has  passed  through 
the  liver,  the  blood  conveyed  directly  from  the  umbilical  vein  by  the  ductus  venosus,  and 
the  blood  from  the  lower  extremities,  passes  to  the  right  auricle.  As  the  blood  enters 
the  right  auricle,  it  is  directed  by  the  Eustachian  valve,  passing  behind  the  valve,  through 
the  foramen  ovale,  into  the  left  auricle.  At  the  same  time,  the  blood  from  the  head  and 
the  superior  extremities  passes  down,  by  the  vena  cava  descendens,  in  front  of  the  Eusta- 
chian valve,  through  the  right  auricle,  into  the  right  ventricle.  The  arrangement  of  the 
Eustachian  valve  is  such,  that  the  ri^^ht  auricle  simply  affords  a  passage  for  the  two  cur- 
rents of  blood ;  the  one,  from  the  vena  cava  ascendens,  through  the  foramen  ovale,  passes 
into  the  left  auricle  and  the  left  ventricle ;  and  the  other,  from  the  vena  cava  descendens, 
passes  through  the  right  auriculo-ventricular  opening,  into  the  right  ventricle.  It  is 
probable,  indeed,  that  there  is  very  little  admixture  of  these  two  currents  of  blood  in  the 
natural  coarse  of  the  foetal  circulation.  Reid  injected  the  vena  cava  ascendens  with  red, 
and  the  vena  cava  descendens  with  yellow,  in  a  foetus  of  seven  months,  and  he  found  very 
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little  mixture  of  the  two  colors  in  the  passage  of  the  injected  ionaterial  tLroQgli  tlio  rigkl , 
auricle. 

The  blood  poured  into  the  left  auricle  from  the  rena  cava  ascendens  through  the  toim^^ 
men  ovale  pu&ses  from  the  left  auricle  Into  the  left  veutncle*     The  left  auricle  and  tJie 
loft  ventricle  al&o  receive  a  small  quantity  of  blood  from  the  lunjora,  bj  the  pulituMurj 
veins.     Thus  the  left  veotricle  is  tilled.     At  the  t^arue  time,  the  right  veotricle  is  filled 
with  blood  which  has  pftjised  through  the  right  auricle^  in  Irunt  uf  tlie  Eustachian  valve. 
The  two  ventrictea^  tltus  distended^  then  contract  simultaneousl}'.     The  btmj^l  Irom  the) 
rigljt  ventricle  passes  in  small  quantity  to  the  lungs,  the  greater  part  passing  through  the 
ductus  arteriosus  into  the  descending  portion  of  the  arch  of  the  aorta.    Thij3  duct  is  short  | 
(half  an  inch  in  length)  and  about  the  size  of  a  gooise-quill.     The  blood  from  the  left  ven- 
tricle pusses  into  the  aorta  and  goes  to  the  system.     Tiie  vessels  of  the  head  and  superior  I 
extremities  being  given  off  from  the  aorta  before  it  receives  the  blood  from  the  ductus  j 
arteriosas,  these  [jarts  receive  almost  exclusively  the  pure  blood  from  the  vena  cava 
ascendens,  the  only  mixture  with  the  plaeeiital  blood  being  tiie  blood  from  the  lower 
extremities,  the  blood  from  tlie  portal  nystom,  and  the  small  amount  of  blood  receive 
from  the  lungs.     After  the  aorta  has  received  the  blood  from  the  ductus  arterioeua,  how-. 
ever,  it  is  mixed  blood;  and  it  is  this  which  supplies  the  trunk  and  lower  extremiti 
This  is  one  of  the  reasons  assigned  by  physiologists  for  the  greater  relative  developme 
of  the  upper  parts  of  the  fostus. 

In  Fig.  311,  which  is  partly  diagrammatic,  the  fcetd  circulation  is  illustrated*  li 
endeavoring,  in  tliis  figure,  to  give  a  clear  idea  of  the  second  circulation,  we  have  n« 
attempted  to  preserve  the  exact  rehitions  or  ihe  relative  size  of  the  organs,  ^\^  Imx-^ 
endeavored  to  represent,  by  dotted  lines,  the  Eustachian  valve,  the  foramen  ovale,  jujij 
the  two  auriculo-ventricular  orifices.  The  liver,  which  is  smaller  in  the  diagram  tliiii 
really  is,  and  the  blad<kr,  are  represented  by  dotted  lines. 

There  can  be  no  doubt  that  the  fcetus  derives  materials  for  its  nutrition  and  growtli  | 
from  the  placenta,  and  that  this  also  serves  as  a  respiratory  organ.  In  another  chaptef, 
under  the  head  of  respiration  before  birth,  we  have  stated  that  '*Legallois  freqiieUtJj 
observed  a  bright-red  color  in  the  blood  of  the  umbilical  vein ;  and,  on  alternately  eom- 
preastng  and  releasing  the  vessel,  he  saw  the  blood  change  in  color  sueeeaaively  frommj 
to  dark  and  from  dark  to  red."'  This  dilference  in  color  between  the  blood  of  the  i 
oal  arteries  and  of  the  uml>iUcal  vein  has,  however,  been  denied  by  some  authors,  i 
state  that  all  of  the  fcetal  blood,  while  it  is  of  nearly  a  uniform  color,  Is  lighter  than  li« 
venous  blood  of  the  adult;  but  Dalton,  in  a  direct  observation  upon  a  cat,  "  nearly  arrive*! 
at  the  term  of  pregnancy,"  noted  that  **  the  diffvrenco  in  color  between  the  umbilicil 
arferies  and  veins  was  very  distinct.  They  w^ere  both  dark,  but  the  color  of  the  rctw 
was  very  decidedly  more  ruddy  than  that  of  the  arteries ;  i.  e.^  the  blood  in  the  umbilical 
arteries  miis  of  the  color  of  the  ordinary  venous  blood,  while  that  of  the  utnbilical  vciiu 
had  a  c<tlor  midway  between  the  ordinary  venous  and  arterial  hoes.  All  the  fcetu!<c$ 
were  healthy,  and  moved  briskly  after  being  taken  out  of  the  uterus*''* 

There  nre  numerous  observations  showing  that  the  fcctus  in  uUro  makes  resptrmtorv 
efforts  when  the  umbilical  vessels  are  compressed.  We  believe  that  these,  as  well  m  \h§ 
•first  respiration  after  birth,  are  due  to  a  want  of  oxygen  in  the  general  system  of  the 
f<Btus^  and  we  think  that  wo  have  demonstrated  this  tViot  by  experiment*.  This  p^iint  has 
already  been  elaborately  discussed  in  another  chapter.  If  our  experiments  and  the  de<l«c- 
tions  drawn  from  them  be  correct,  there  can  be  no  doubt  with  regard  to  the  respirators 
function  of  the  placenta,  although,  as  far  as  we  know,  tliere  has  never  been  an  a<x*unit^ 
comparison  of  the  gases  contained  in  the  Mood  ot  the  uml>ilical  arteries  and  i\n-  utnlnhe 
vein. 


Th€  Third,  or  Adult  Cireulati&n, — When  the  child  is  bom,  the  placental  crrcnlatloe 
is  suddenly  arrested.    After  a  short  time,  the  sense  of  want  of  air  becomes  inflSoicDtJy 
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)D8e  to  give  rise  to  an  inspiratory  effort,  and  the  first  inspiration  is  made.    The  pul- 
oary  organs  are  then,  for  tlie  first  time,  distended  with  air,  the  pulmonary  arteries 


Ihrmnen  (hale.-- 
Right  Auric, 'Vent  Opening,-—— 


Bladder. 


^Ptflmonar^  Art, 
Left  Aurude, 
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Branches  ofjht       /'^.., Liver. 
Umbilical  Vein-^^  f 
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Dudm  Ven&tut,, 


Internal  Hiac  Arteries. 
Fig.  Sll.—IHaffram  of  ttie  fatal  circulatiaiu 

7  the  greatest  port  of  the  blood  from  the  right  ventricle  to  the  lungs,  and  a  new  cir- 
ition  is  established.  During  the  later  periods  of  foetal  life,  the  heart  is  gradually  pre- 
ed  for  the  new  currents  of  blood.    The  foramen  ovale,  which  is  largest  at  the  sixth 
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month,  after  that  time,  is  partly  ocoloded  by  tbe  gradual  growth  of  a  ralve,  which  e; 
from  beluw  ^ipwnrd  and  from  behind  forwiU'd^  upoti  the  side  of  the  left  auricle.  Tl 
Eustachian  vfllve,  which  is  also  largest  at  the  sixth  month,  gradujilly  atrophies  after  tlj; 
time,  and,  «i  Tull  term,  it  hai  nearly  disappeared.  At  birth,  then,  the  Eustachian  valve 
praoticwlly  absent;  and,  after  puhnonary  respiration  l>ecomes  established,  the  fomm' 
ovale  lias  nearly  closed.  The  arrang:ement  of  the  valve  of  the  foramen  ovale  w  8uch,  tbi 
at  birth,  a  small  quantity  of  blood  may  pass  from  the  right  to  the  left  auridc,  but  tioi 
can  ijass  in  the  opposite  direction.  The  aituutiou  of  t!ie  Eustachian  valve,  on  the  rigl 
side  of  tbe  inter-auricular  septum,  is  marked  by  nn  oval  depression,  called  the  fo^^u  ova! 

As  a  congenital  lualfurmatiou,  tbe  foramen  ovale  may  remain  opew^  producing  t 
condition  known  as  cyanosis  neonatorum.    This  may  c*»ntinue  into  adult  life,  and  it  is  tbtu 
attended  with  more  or  hss  disturbance  of  respiration  and  difficulty  in  muLntiuning  thi 
normal  heut  of  the  body.     Usually,  the  foramen  ovale  ia  completely  closed  at  about  I 
tenth  day  after  birth.    The  ductus  arteriosus  begins  to  contract  at  birth^  and  it  is  occlude^ 
being  reduced  to  the  condition  of  an  impervious  cord,  at  from  the  third  to  the  tenth  day. 

When  the  phicental  circulation  h  arrestetl  at  birth,  the  hypogastric  arteries,  the  \xm* 
bilieal  vein,  and  the  ductu.n  veno'^us  contract,  and  they  become  iini>ervionfl  at  from  the 
second  to  the  Ibiirth  day.     The  hypogastric  arteries  remain  pervious  at  their  lower  i 
tion  and  constitute  the  superior  vesical  arteries.     A  rounded  cord,  which  is  the  remnai 
of  the  umljilical  vein,  forms  the  round  ligament  of  the  hvcr.     A  slender  cord,  the  re 
nant  of  the  ductus  venosus,  is  lodged  in  a  lissure  of  the  liver,  called  the  ti&sure  of  t 
ductus  venosus. 


4 
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A  ilifltory  of  the  development  of  the  various  tisfrues  of  tlie  body  belongs  really  to  gen 
erjil  anatomy  and  is  usually  given  in  works  specially  devoted  to  that  Bnbject*  We  liat 
only  treated  of  it  incideotallj,  in  our  account  of  tbe  development  of  the  various  or 
and  systems. 


CHAPTER   XXVIH. 


F<ETAL   LTTB-DEVELOPMEyT  AFTER   BIRTIi-DKATii, 


^BsSas^tm^ini  of  the  iit€!ra»  In  prc^ancir— DnratioD  of  pr(>«n)ai>cy— Size,  welf;bt»aiid  potltton  of  tlM  I 

^ftt  illlfiTCDt  »tajirc0  «f  Lotruiitcrine  iiri— ^tulliple  prc^nukcy^-X^ftUse  of  tbe  first  foDtnu'tloiis  af  tb^  ut^riia  In  i 
milt  parttirlUon — tnvoUuEoD  ot  the  uttrutJ^—MvMCOXtliLUi — ^Dcjitml  prftfimiJicace— I>cvcloputenl  aftrr  blrtlt^Af^-^ 
D«Atli— Cftdnvcric  rtgidJty— PutrefiulloD. 


Aa  the  developmont  of  the  ovum  advances,  the  nterns  is  enlarged  and  it^j  walls  ar 
thickened.     The  form  of  the  organ,  also,  gradually  changes,  as  well  as  its  position.     Im-j 
mediately  after  birth,  its  weight  is  about  a  pound  and  a  half,  while  the  virgin  nler 
weighs  less  than  two  ounces.     It  is  a  remarkable  fact,  demonstrated  upon  the  living  sn!i 
ject,  by  Prof,  I.  E.  Taylor,  of  New  York,  that  tbe  neck  of  tlie  uterus,  while  it  becomes] 
softer  and  more  patulous  during  pregnancy,  does  not  change  its  length,  even  in  the  >r»rf 
latGHit  stitges  of  utero-gestation.     This  fact  is  in  opposition  to  the  statemente  of  most 
obstetriciansii  who  believe  that  the  os  internum  dil.-ites,  and  that  the  neck  is  gradaallf 
nhftorbed,  as  it  were,  by  the  body  of  the  uterus,  during  the  later  months  of  pregnancy. 

Wc  have  already  studied  the  remarkable  changes  which  take  place  in  the  mncons 
membrane  of  the  uterus  during  firegnancy  and  the  mode  of  formation  of  the  d^ckk 
and  wo  have  seen  that  the  mucous  membrane  of  tlio  neck  does  not  participate  in  the 
clianges  and  is  not  thrown  off  in  parturition.  The  only  change,  indeed,  which  we  not< 
in  the  neck,  aside  fronj  the  solltening  of  its  texture^  is  the  secretion  of  the  plug  of  muc 
winch  closes  the  os. 


DURATION  OF  PREGNANCY. 
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The  changes  in  the  walls  of  the  uterus  during  pregnancy  are  very  important.  The 
blood-vessels  become  mueh  enlarged,  and  itie  muscular  fibres  incrense  inmiensely  in  size, 
so  that  their  contractions  are  very  powerful  when  the  fcetus  is  expelled. 

It  id  evident  that,  on  account  of  the  progressive  increase  in  the  size  of  the  nteruB  dur- 
ing pregnancy,  it  cannot  remiiin  in  the  cavity  of  the  pelvis  at  the  later  months.  During 
th^  first  three  months,  however,  wlien  it  is  not  too  large  for  the  pulvis,  it  sinks  back  into 
the  hollow  of  the  sacrum,  th*^  fundus  being  directed  somewhat  backward,  with  the  neck 
presentin;^  d«»wnward,  forward,  and  a  little  U)  the  k4i.  After  this  time,  however,  the 
increased  size  of  the  orgran  causes  it  to  extend  into  the  abdiimiuul  cavity,  so  that  its 
fundus  eventually  readies  the  epigustrie  region.  Its  axis  then  has  the  general  direction 
of  the  axis  of  the  superior  strait  of  the  pelvis. 

The  enlargement  of  the  uterus  and  the  necessity  of  carrving  on  a  greatly- in  creased 
circulation  in  its  walls  during  pregnancy  are  attended  with  a  temporary  hypertrophy  of 
the  heart.  According  to  llobin,  it  is  muinly  the  left  ventricle  whi'jh  is  tliickened  during 
utero-gestation,  and  the  increase  in  the  weight  of  the  heart  at  full  term  amounts  to  more 
|||tt9.4Nie-6fth.     After  delivery,  the  weight  of  the  heart  soon  returns  to  nearly  the  nor- 
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Duration  of  Pregnancij. — ^The  duration  of  pregnancy,  dating  from  a  fruitful  inter* 
course,  must  be  considered  as  variable,  within  certain  limits.  The  method  of  calculation 
most  in  use  by  obstetricians  itJ,  to  duto  from  the  end  of  tlio  last  menstrual  period.  Dr, 
Matthews  I>imcau,  who  has  made  rpjito  a  number  of  observatious  upon  this  point,  statea 
that  the  278th  day  after  the  end  of  the  last  menjies  is  the  average  day  of  delivery ;  but 
he  admits  that  his  method  of  calculation  is  rough,  thongli  he  cannot  find  any  that  is  more 
reliable.  The  observations  upon  which  this  opinion  is  based  are  the  following:  The  dtiy 
waa  predicted  in  lo3  cases;  in  10  cases,  conlinement  occurred  on  the  exact  day;  in  80 
easej^  the  confinement  occurred  sooner,  presenting  an  average  of  T  days  for  each  case; 
and,  in  63  cases,  the  confinement  occurred  later,  presenting  an  average  of  8  days  for  each 
case.  The  great  difficulty  in  predicting  the  exact  time  of  confinement,  which  is  very 
important  in  practice,  is  mainly  due  to  the  comparatively  small  number  t«f  relialde  obser- 
vations in  wliich  the  pregnancy  can  be  dated  from  a  single  intercourse  or  from  intereourso 
occurring  within  two  or  three  days.  We  have  received  from  Prof.  Fordyce  Barker  the 
following  very  interesting  account  of  a  case  in  which  this  observation  was  made  in  his 
oim  pracUee:  A  lady,  concerning  whom  there  could  be  no  suspicion  of  inaccuracy,  resid- 
ing hi  New  York,  received  a  visit  from  her  husband,  after  a  long  interval  of  absence. 
He  arrived  in  this  city  tVora  New  Orleans,  remained  thirty-six  hours,  and  then  went  to 
Europe,  where  he  remained  for  four  montlas.  Exactly  21»8  days  from  the  date  of  tho 
first  visit  of  the  husband,  tlie  lady  was  contined  and  delivered  l>y  Prof.  Barker.  This 
occurred  in  1852.  Taking  into  account  the  various  cases  which  are  f | noted  by  nathors, 
in  which  conception  hm  been  supported  to  follow  a  single  coitus,  there  appears  to  be  a 
range  of  variation  in  the  duration  of  pregnancy  of  no  less  than  40  days,  the  extremes 
being  260  and  SfM}  days. 

In  the  very  interesting  observations  of  Kundrat  and  Engelraann,  npon  t!ie  changes  of 
the  uterine  mucous  mendirane  during  menstruution,  to  wldrh  we  have  already  referred, 
the  idea  is  advanced  that  prugnancy  dates  really  from  a  menstrual  period  which  is  pre- 
vented, as  far  as  a  discharge  of  blrHxl  is  conrorned.  by  fecundation  of  an  ovora,  and  not 
from  the  period  immediately  preceding,  in  which  the  dow  takes  place.  If  we  adopt  this 
view,  the  chauL'es  in  the  mucuua  membrane  of  the  uterus  ordinarily  terminate  in  a  fatty 
degeneration  of  the  vascular  wall?*,  which  results  in  a  caf>illary  hicraorrliage ;  if,  how- 
ever, an  ovum  be  fecundated^  tliese  changes  do  not  pass  into  fatty  degeneration,  but 
advance  to  an  hypertrophy,  which  is  the  first  staire  in  the  formation  raf  tlie  decidua,  Tho 
arguments  in  opposition  to  tliis  metho<!  of  calcolatint^  tlie  duration  of  pregnancy  are  the 
foJlowing:  The  titne,  with  relation  to  the  menstrual  flow,  at  which  an  ovum  is  discharged 
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has  not  been  accurately  determinoil ;  and  it  is  certain  that  ovulation  frequently  docs  not 
take  place  until  after  the  flow  of  blood  has  been  established.  This  question  we  have 
fully  considered  in  a  previous  chapter.  It  is  probable,  also,  that  intercourse  is  most  liable 
to  be  followed  by  fecundation,  when  it  occurs  just  after  the  cessation  of  a  menstrua] 
period,  and  when  the  female  often  presents  unusual  eexual  excitement ;  but  it  is  true  that 
fecundation  may  follow  intercourse  at  any  time.  If  we  admit  that  fecundation  dates 
more  nearly  from  a  menstrual  period  prevented  than  from  the  last  appearance  of  the 
flow,  it  would  be  necessary  to  assume  that  ovulation  usually  takes  place  before  the  flow, 
and  fecundation  would  be  most  liable  to  follow  intercourse  occurring  at  that  time;  for 
we  could  hardly  admit  that  an  ovum,  fecundated  at  the  cessation  of  a  menstrual  period, 
could  remain  in  the  generative  passage  of  the  female  for  two  or  three  weeks,  before  the 
mucous  membrane  of  the  uterus  is  prepared  for  its  reception.  These  facts  are  so  strong, 
that  the  view  entertained  by  Kundrat  and  Engelmann  cannot  yet  be  adopted  without 
reserve. 

As  regards  the  practical  applications  of  calculations  of  the  probable  duration  of  preg:- 
nancy  in  individual  cases,  we  must  recognize  the  fact  that  the  duration  is  variable.  If 
we  date  from  the  end  of  the  last  menstrual  period,  we  may  adopt  the  average  of  278 
days,  a  little  more  than  nine  calendar  months.  If  we  adopt  the  view  that  pregiiancy 
dates  from  a  menstrual  period  which  has  been  prevented,  the  duration  of  intra-uterinc 
life  would  be  about  250  days. 

Size^  Weighty  and  Position  of  the  Foetus. — The  estimates  of  writers  with  regard  to  tlie 
size  and  weight  of  the  embryon  and  foetus  at  different  stages  of  intra-uterine  life  present 
very  wide  variations;  still,  it  is  important  to  have  an  approximate  idea,  at  least,  npon 
these  points,  and  we  shall  adopt  the  figures  given  by  Scanzoni,  as  presenting  fair  aver- 
ages. As  the  measurements  and  weights  are  simply  approximative,  the  slight  differ- 
ences between  the  German  and  the  English  standards  are  not  important.  It  will  be 
useful,  also,  to  give,  as  is  done  by  Scanzoni,  a  review  of  the  general  development  of  the 
organs  at  different  stages. 

At  the  third  week,  the  embryon  is  from  two  to  three  lines  in  length.  This  is  about 
the  earliest  period  at  which  measurements  have  been  taken  in  the  normal  state. 

At  the  seventii  week,  the  embryon  measures  about  nine  lines.  Points  of  ossification 
have  appeared  in  the  clavicle  and  the  lower  jaw  ;  the  Wolffian  bodies  are  large;  the 
pedicle  of  the  umbilical  vesicle  is  very  much  reduced  in  size  ;  the  internal  organs  of  fen- 
eration have  just  appeared;  the  liver  is  of  large  size  ;  the  lunpjs  present  several  lobule?. 

At  the  eightli  week,  the  embryon  is  from  ten  to  fifteen  lines  in  length.  The  lungs 
begin  to  receive  a  small  (juantity  of  1)1<)()(1  from  the  pulmonary  arteries;  the  external 
organs  of  generation  have  appeared,  but  it  is  difficult  to  determine  the  sex  ;  the  abdomi- 
nal walls  have  closed  over  in  front. 

At  the  third  month,  the  embryon  is  from  two  to  two  and  a  half  inches  lonj;  and 
weighs  about  one  ounce.  The  amniotic  fluid  is  then  more  abundant,  in  proportion  to  the 
size  of  the  em1)ryon,  than  at  any  other  period.  The  umbilical  cord  begins  to  be  twisted; 
the  various  glandular  orjrans  of  the  abdomen  ap])ear  ;  the  pupillary  membrane  is  formed; 
the  limitation  of  the  placenta  has  become  distinct.  At  this  time,  the  upper  part  of  the 
embryon  is  relatively  much  larj^er  than  the  lower  portion. 

At  the  end  of  the  fourth  month,  the  embryon  becomes  the  fii^tus.  It  is  then  from 
four  to  five  inches  long  and  weijrhs  about  five  ounces.  The  muscles  begin  to  manifest 
contractility;  the  eyes,  mouth,  and  nose  are  closed;  the  gall-bladder  is  just  de\'eloi)ed: 
the  fontanelles  and  sutures  are  wide. 

At  the  fifth  month,  the  foetus  is  from  nine  to  twelve  inches  long  and  weighs  fron: 
five  to  nine  ounces.  The  hairs  begin  to  appear  on  the  head  ;  the  liver  begins  to  secrete 
bile,  and  the  meconium  appears  in  the  intestinal  canal ;  the  amnion  is  in  contact  with 
the  chorion. 
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i  iho  sixth  moiitU,  tliO  foetas  is  from  eleven  to  fourt(H?n  inches  long  and  weighs 

m  one  and  ft  half  to  two  pouads.     If  the  iVytus  be  delivered  ni  ilils  time,  life  may  con- 

Uoue  fur  a  few  moments ;  the  bone:^  of  tbe  head  iire  ossified,  but  the  fontiinolles  mnl 

lutures  ure  still  wide  ;  tbe  prepuce  bas  appeured  ;  the  testicles  have  not  descended. 

I      At  the  seventh  month,  the  fa^tus  u  from  fnurtcen  to  tifteen  inoljea  long  and  weigbb 

from  two  to  three  pounds,     The  huirsi  are  longer  and  dai-kur ;  the  pupillary  membrane 

tVmppearii,  UDder^^uing  atrophy  from  tlie  centre  to  the  jienphery  ;  tbe  rehuive  quantity 

iif  the  amaiutic  llui«l  i^  diiuiuibheiJ,  and  the  ftetus  h  Dot  so  free  ia  the  cavity  of  thu 

uterus ;  the  fostus  is  now  viable. 

At  the  eighth  mouth,  the  ftctus  U  from  tiftwon  to  sixteen  incheii  long  and  weighs  from 
three  to  four  pounds.     Tbe  eyelids  are  opened  and  the  cornea  is  trantspareut ;  the  pupil- 
lary membnine  ba^s  disappeared;  the  left  testicle   hjiB  descended;  the  umbilicus  is  at 
about  tbe  middle  of  the  body,  tiie  relative  size  of  tbe  lower  extremities  having  increased. 
At  the  ninth  month,  the  foetus  is  about  seventem  inches  long  and  weighs  from  Cve  to 
;iix  pounds.     Both  testicles  have  usually  descended,  but  the  tunica  vaginalis  still  comma- 
piictttej  with  the  peritoneal  cavity. 

1  At  birth,  the  infant  weighs  a  little  more  than  seven  pounds,  the  osual  range  being 
from  four  to  ten  pounds,  thoac^b  these  lunita  are  sometimes  exceeded. 
I  The  position  of  tbe  foitas,  in  the  great  majority  of  cases,  excluding  abnormal  presenta- 
*iou8,  ia  with  the  lieod  downward ;  and  why  tins  is  tbe  usual  and  the  normal  [position,  is  a 
Vestion  which  has  been  the  subject  of  much  discussion.  As  we  have  just  seen,  in  iho 
v^rly  stages  of  pregnancy,  the  fojtus  floats  (|uite  freely  in  the  amniotic  fluid.  Upon  this 
point.  Dr.  Matthews  Duncan  has  made  the  following  inlerestiug  experiments:  Securing 
the  limbs  of  the  fietus  in  tbe  natural  position  which  it  assuDjes  in  utero^  by  means  of 
j  threads,  and  immersing  it  in  a  solution  of  salt  of  nearly  its  own  specific  gravity,  he  foand 
}  thtttit  naturally  gravitated  to  nearly  the  normal  position,  with  the  head  downward.  It 
is  probable,  judging  from  theae  observations,  that  the  natural  gravitation  of  the  head  and 
of  tire  upper  part  of  the  fojtus  i^  the  determining  cause  of  the  onlinary  position  ifi  utera. 
i  The  shape  of  tlio  uterus  at  full  term  is  ovoid,  ttie  lower  portiim  being  the  narrowen 
^B^fcetus  has  the  head  slightly  flexed  upon  the  steruum,  the  aons  tlexed  upon  tbe  chest 
j^B crossed,  the  spinal  column  curved  forward,  tbe  thighs  flexed  upon  the  abdomen,  t!ie 
'legs  slightly  flexed  and  ustially  crofised  in  front,  and  the  feet  flexed  upon  tbe  legs,  with 
their  inner  margin  drawn  toward  the  tibia.  This  is  tbe  po&ition  in  which  the  foetus  is 
l»est  adapted  to  the  size  of  tbe  uterine  cavity,  and  in  which  the  expulsive  force  of  the 

iDfi  can  be  most  favorably  exerted,  both  as  regards  the  foetus  aud  the  generative  pas- 
I  of  tbe  mother. 
)fultiple  Pregaanaj. — It  is  not  very  rare  to  observe  two  children  at  a  birth,  and  cases 
^  record  where  there  have  been  four  and  even  tive,  though  in  these  latter  instaucea 
ebihiren  generally  survive  bat  a  short  time,  or,  as  is  more  comujon,  abortion  takes 
|klace  during  tbe  first  months.  Three  at  a  birth,  though  rare,  has  been  often  observed  ; 
iiind  we  have  in  ra'md  at  this  moment  a  cose  of  three  females,  triplets,  all  of  whom  lived 
Ipaat  middle  age^ 

I  In  cases  of  twins,  it  is  an  interesting  question  to  detennine  whether  tbe  development 
always  takes  place  from  two  ova,  or  whether  a  siugle  ovum  may  be  developed  into  two 
beings.  In  tbe  mf\itirity  of  cases,  twins  are  of  the  same  sex,  though  sometimes  they  are 
Jtiiale  and  female.  In  some  case?,  tliere  are  two  full  sets  of  membranes,  each  fa?tus  hav- 
ing its  distinct  decidua,  placenta,  and  chorion  ;  in  others,  there  is  a  single  chorion  and  a 
double  amnion ;  but,  in  some,  both  fu'tusesare  enclosed  in  the  same  amnion.  As  a  rule, 
Ibe  two  placentae  arc  distinct ;  but  sometimes  there  is  a  vascular  communication  between 
^hem.  or  what  appears  to  be  a  single  placenta  may  give  origin  to  two  imibilical  cords. 
llf  there  be  but  a  single  chorion  and  amnion  and  a  single  placenta,  it  bus  been  thought 
(that  the  two  beings  are  developed  from  a  single  ovum ;  otherwise,  it  would  bo  necessary 
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to  aaautne  tbat  tliero  were  originally  two  sets  of  membranea,  which  had  become  fa& 
into  one.    The  insttinces  on  record^  ono  of  which  we  have  ^iven,  of  twing,  oa©  whit©  \ 
the  other  black,  show  concludvely  that  two  ova  may  be  developed  in  the  uterus  at 
finnie  time.     While  there  can  be  no  doubt  upon  this  point,  the  question  of  the  posslhiHfj 
of  the  development  of  two  bejng:8  from  a  i^inglo  ovum  reranins  unsettled.     It  is  thoogh 
to  he  more  difficult  to  nnderstund  ht»w  two   cxinjuined   monsters,  like  the  celebrate 
Siamese  twins,  who  died  in  1874  at  tlie  age  of  sixty-three  years,  conJd  be  develo 


CNC 


CI^ANG. 


Fio.  812.— 75&e  StumiW  ttfina, 
T  T,  vcnii  «l vn :  T  P.  T  T*  fnirtAl  vfln ;  ^t.  Uffp^r  hepattc  powt-h  of  Ctiiioir ;  ''*  pcritonpftl,  or  ircabfneil  pooAt 
iowir  (wrltwni'al,  or  uiublllcal  jwuth  of  i  hang- ;  D,  1>,  coiMiecUiig  Uvei^baiid ;  c,  kiwer  border  of  fm  bittd  I 
l>onl«r  of  Lbo  baiid. 

from  two  ova  wliirh  became  fused » than  to  iumgrine  the  develMpiiioDt  of  two  being*  fn 
n  sin;^'le  ovum.     This  cinestion,  however,  belongs  to  teratology  and  conhi  be  settled  on( 
by  ohservations  of  conjoined  monsters  very  early  in  their  development,  which  do 
exist  in  literature. 

As  patholorfieid  conditions,  we  have  extra-uterine  i*rejinftnciij!*,  In  which  the  fecuB 
djited  ovum,  forming  its  jittaehments  in  the  Fallopian  tube  (Fallopian  pregnancy)  or  withUl 
the  abdominEil  csivity  (abdominal  pregnancy),  undergoes  a  certain  degree  of  devoloptnen 
The  uterus  usually  enlarges,  in  these  in^^tance^,  and  forms  an  imperfect  deoiduo. 

Cattge  of  the  First  CoTtfrmtionM  of  the   Fff^rufi  m  Xonnal  Parturition, — The  dlQ 
of  the  first  contraction  of  the  uterus  in  normni  psirturition  is  undoubtedly  referable 
some  change  in  the  attachmert  of  its  contents,  which  causes  the  fa?tn&  and  its  membrane 
to  art  as  a  f^^retgn  body.     When,  tV>r  any  reason,  it  is  afivisable  to  cause  the  uterus 
expel  its  contents  before  tlse  fidl  term  of  pregnancy ♦  the  most  physiological  nulhod  of 
bringing  on  the  contractions  of  thi-^  organ  in  to  cautiou*i]y  separate  a  portion  of  the  incinj 
branes,  as  is  often  done  by  introducing  an  elastic  catheter  between  the  ovani  and  th 
uterine  wall.    A  certain  time  al'rer  this  operation,  the  uterus  contracts  to  expel  the  oto 
which  then  nets  as  a  foreign  body. 

In  the  normal  ftate,  toward  the  end  of  pregnancy,  the  cells  of  tlic  deridua  vert 
of  that  jiortion  of  tlic  [«lacenta  wliieh  is  attaclicd  to  the  uterus  undergo  fatty  dcgeae 
tion,  andj  in  this  way,  there  is  a  gradual  separation  of  the  outer  membrane,  so  that  the 
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contents  of  the  nterus  gradually  lo&e  tlielr  anatomical  connection  with  the  mother.  When 
this  change  has  progresaeJ  to  a  certain  extent,  the  ntenia  begrina  to  contract;  each  eon- 
traction  then  aeparates  the  membranes  more  and  more,  the  most  dependent  part  pressing 
upon  the  os  internum ;  and  the  subsequent  contractions  are  probably  due  to  retiex  action. 
The  first  "paia"  is  indweed  by  the  presence  of  the  foitus  and  its  membranes  as  a  foreign 
body,  a  mechanism  mmilar  to  that  which  obtains  when  premature  luborhas  been  brought 
on  by  separation  of  the  merabrancs. 

We  shall  not  deserilje  the  mechanism  of  parturition,  altbough  this  is  entirely  a  pliysi- 
ological  process,  for  the  reason  that  it  is  necessarily  considered  chiWrately  in  works  upun 
obstetrics.  The  first  oontractiona  of  tlie  uterus,  by  pressing  the  bag  of  waters  against 
the  o9 internum,  gradanlly  dilute  the  cervix;  the  membranes  usnally  nipture  when  the  os 
15  pretty  fully  dilated,  and  the  anmiotic  tluid  is  discharged ;  the  head  then  presses  upon  the 
outlet;  and,  the  uterine  contractions  becoming  more  and  more  vigorous  and  ethcient,  the 
child  is  brought  into  the  world,  this  being  followed  by  the  expulsion  of  the  membranes  and 
jdacenta.  There  then  follows  a  touio  contraction  of  the  muscular  walla  of  t!ie  uterus, 
which  becomes  a  hard,  globular  mass,  easily  felt  throu^^h  the  lluccid  abdouiinal  walls. 
The  very  contractions  of  the  muscuhir  fibres  of  the  uterus  which  expel  the  foetus  close 
the  vessels  ruptured  by  the  separation  of  the  placenta  and  arrest  the  hammrrhage  from 
t!ie  mother.  The  changes  which  then  take  place  in  the  respiration  and  the  circulation 
of  the  infant  have  been  fully  considered  in  connectictn  with  the  development  of  the  circu- 
lutory  system. 

• 

Intoliitifm  of  the  ITferus,-^Xt  trom  fuur  to  six  days,  and  seldom  later  than  eight  days 
after  parturition,  the  uterus  has  sensibly  advanced  in  the  process  of  involution  ;  and  it  is 
then  gradually  reduced  to  the  size  and  structure  which  »t  pre^^ents  during  the  non-j«reg* 
Dant  condition,  though  it  never  becomes  quite  as  small  as  in  the  virgin  state.  The  new 
mueoaa  membrane,  which  lias  been  developiug  during  the  latest  periods  of  pregnancy, 
becomes  perfect  at  about  the  end  of  the  second  month  after  delivery.  It  has  tlien  united, 
at  the  OS  internum,  with  the  rnucons  membrane  of  the  neck,  which  does  not  jiarticipato 
in  the  formation  of  the  decldua.  The  muscular  fibres,  after  ])artnrition,  |*resent  granules 
and  globules  of  fat  m  tht^ir  substance,  and  are  gradually  reduced  in  eixe,  as  the  uterus 
becomes  smaller.  Their  involution  is  complete  at  about  the  end  of  the  second  month. 
During  the  first  month,  and  particularly  within  the  first  two  weeks  after  delivery,  there 
baeero-sangninolent  discharge  from  the  nternsi,  which  is  due  to  dlsintcgrntinn  of  the 
blood  and  of  the  remains  of  the  membranes  in  its  cavity,  this  debris  being  mi.ted  with  a 
certain  amount  of  sero-mucous  secretion.  This  discharge  constitutes  the  lochia,  which 
are  at  first  red,  but  become  paler  as  they  are  reduced  in  ^juantity  and  disappear. 

During  hictation,  the  processes  of  ovulatiun  and  men>tniation  are  tisully  arrested, 
though  this  is  not  always  the  case.  In  trentlng  of  secretion,  we  have  given  a  full  descrip- 
tion of  the  vernix  caseosji,  and  wo  have  also  8tate<l  what  is  known  with  regard  to  the 
propertiee  and  composition  of  the  urine  of  the  foetus. 


Mee^fniunK — At  about  the  fifth  month,  there  appears  a  certain  amount  of  secretion  in 
the  intestinal  canal,  which  becomes  more  abumlant,  purticulnrly  iu  the  largo  intestine,  as 
development  advances.  This  is  riithcr  light-eohired  or  grayish  in  the  upper  portion  of 
the  amall  intestine,  becoming  yellowish  in  the  lower  [jortiou,  and  is  of  a  darlc-greenisli 
color  in  the  colon.  The  dark,  j»a.sty,  adhesive  mutter,  which  is  dij^charged  fn*m  tlie  rec- 
tum soon  after  birlb,  is  called  the  mecimium, 

TJie  meconium  apj»ears  to  consist  of  a  thick,  mucous  secreti(m,  with  numerous  grayish 
granules^  a  few  fatty  granules,  intestinal  epithelium,  and,  frecpiently,  crystals  of  choleate- 
rine.  The  color  seems  to  be  doe  to  granulations  of  the  coloring  matter  of  the  bile,  but 
the  biliary  salts  cannot  be  detected  in  the  meconium  by  Pcttenkofer's  teat.  The  con* 
fltituent  of  the  meconium  which,  in  our  own  observations,  we  have  found  to  possess  the 
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greatest  physiological  importance,  is  cholesterine.    Although  but  few  crystals  of  cho- 

lesterine  are  found  upon  microscopical  examination,  the  simplest  processes  for  its  ex- 

traction  will  reveal  the  presence  of  this 
principle  in  large  quantity.  In  a  specimen 
of  meconium  in  which  we  made  a  quantita- 
tive examination,  the  proportion  of  choles- 
terine was  6*245  parts  per  1,000.  It  is  a 
significant  fact,  that  the  meconium  contains 
cholesterine  and  no  stercorine,  the  sterco- 
rine,  in  the  adult,  resulting  from  a  trans- 
formation of  cholesterine  by  the  digestive 
fluids,  which  are  probably  not  secreted  dur- 
ing intra-uterine  life. 

None  of  the  secretions  concerned  in  di- 
gestion appear  to  be  produced  in  utero,  and 
it  is  also  probable  that  the  true  biliary  salts 
are  not  formed  at  that  time ;  but  we  know 
that  the  processes  of  disassimilation  and 
excretion  are  then  active,  and  the  choles- 

Pxo.  ziz.^ChoiuUHnej^^p^  mecofiium ;  A   terine  of  the  meconium  is  the  product  of  the 

excretory  action  of  the  liver.    The  relations 

of  cholesterine  as  nn  excrement itious  principle  have  already  been  very  fully  discussed,  in 

connection  with  the  bile  and  with  excretion. 


Dextral  Preeminence, — The  curious  fact,  that  most  persons  by  preference  nse  the 
right  arm,  leg,  eye,  etc.,  instead  of  the  left,  while,  as  exceptions,  some  use  the  left  in 
preference  to  the  right,  has  excited  a  great  deal  of  discussion,  even  among  the  earlier 
writers.  There  can  be  no  doubt  with  regard  to  the  fact  of  a  natural  dextral  pre- 
eminence; and,  also,  that  left-handedness  is  congenital,  diflicult,  if  not  impossible,  to 
correct  entirely,  and  not  due  simply  to  habit.  It  would  appear  that  there  must  be  some 
condition  of  organization,  whicli  produces  dextral  preeminence  in  the  great  mjyoritjr  of 
persons,  and  left-handedness,  as  an  exception  ;  but  what  this  condition  is,  it  is  very  diflS- 
cult  to  determine.  An  explanation,  very  often  offered  by  anatomist*,  is,  that  the  right 
subclavian  artery  arises  nearer  the  heart  than  the  left,  that  the  right  arm  is  therefore 
better  supplied  with  arterial  blood,  develops  more  fully,  and  is,  consequently,  generally 
used  in  preference  to  the  left;  but  we  cannot  explain  the  exceptional  predominance  of 
the  left  hand  by  an  inversion  of  this  arrangement  of  vessels. 

The  most  important  anatomical  and  pathological  facts  bearing  upon  the  question 
under  consideration  are  the  following:  Dr.  Boyd  has  shown  that  the  left  side  of  the  brain 
almost  invariably  exceeds  the  right  in  weight,  by  about  one-eighth  of  an  ounce.  In 
aphasia,  the  lesion  is  almost  always  on  the  left  side  of  the  brain.  These  facts  point  to  a 
predominance  of  the  left  side  of  the  brain,  which  presides  over  the  movements  of  the 
right  side  of  the  body.  A.irain,  a  few  cases  of  aphasia  with  left  hemiplegia,  the  lesion 
being  on  the  right  side  of  the  brain,  have  been  reported  as  occurring  in  left-handtd  per- 
sons.    These  points  we  have  noted  in  treating  of  the  nervous  system. 

Dr.  Ogle,  in  a  recent  paper  on  riglit-handedness,  gives  several  instances  of  aphasia  in 
left-handed  persons,  in  which  the  brain-lesion  was  on  the  right  side.  In  two  left-handed 
individuals,  the  brain  was  examined  and  compared  with  the  brain  of  right-handed  per- 
sons. It  was  found  that  the  brain  was  more  complex  on  the  left  side  in  the  right- 
handed,  and  on  the  right  side  in  the  left-handed.  In  the  discussion  which  followed  tlie 
presentation  of  this  paper.  Dr.  Charlton  Bastian  stated  that  he  had  found  the  gray  mat- 
ter of  the  brain  to  be  generally  heavier  on  the  left  than  on  the  right  side.  With  regard 
to  the  cause  of  the  superior  development  of  the  left  side  of  the  brain,  the  only  explana- 
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tion  offered  was  the  fact  tbat  the  arteries  going  to  the  left  side  are  usually  larger  than 
those  on  the  right.  There  were  no  observations  with  regard  to  the  comparative  size  of 
the  arteries  upon  the  two  sides  in  left-handed  persons. 

Reasoning  from  the  facts  just  stated,  Dr.  Ogle  conceives  that  dextral  preeminence 
depends  upon  a  natural  predominance  of  the  left  side  of  the  brain,  the  reverse  obtaining 
in  the  left-handed.  This  view  seems  to  aiford  the  most  rational  explanation  of  dextral 
preeminence.  It  is  generally  true  tliat  the  members  on  the  right  side  are  stronger  than 
the  left,  particularly  the  ann ;  but  this  is  not  always  the  case,  even  in  the  right-handed. 
A  not  inconsiderable  practical  experience  in  athletic  exercises  has  led  us  to  observe  that 
the  right  hand  is  more  conveniently  and  easily  used  than  the  loft,  from  which  fact  we 
derive  the  term  dexterity ;  but  that  the  left  arm  is  often  stronger  than  the  right.  In 
many  feats  of  strength,  the  left  arm  appears  less  powerful  than  the  right,  because  we 
have  less  command  over  the  muscles. '  As  a  single  illustration  of  this,  we  may  mention 
the  feat  of  drawing  the  body  up  with  one  arm,  which  requires  unusual  strength,  but  very 
little  dexterity.  In  a  number  of  right-handed  persons,  we  find  many  who  perform  this 
feat  more  easily  with  the  left  arm,  and  not  a  few  who  can  accomplish  it  with  the  left 
arm  and  not  with  the  right.  When  we  come  to  the  cause  of  the  superior  development 
of  the  left  side  of  the  brain,  we  must  confess  that  the  anatomical  explanation  is  not 
entirely  satisfactory.  We  can  only  say  that  the  two  sides  of  the  brain  are  generally  not 
exactly  equal  in  their  development,  the  left  side  being  usually  superior  to  the  right,  and 
that  we  ordinarily  use  the  muscles  of  the  right  side  of  the  body  in  preference  to  those 
of  the  left  side. 

Developni€7it  after  Birth^  ^0^^^  ^^*^^  Death. 

When  the  child  is  born,  the  organs  of  special  sense  and  the  intelligence  are  dull ; 
there  is  then  very  little  muscular  power;  and  the  new  being,  for  several  weeks,  docs  lit- 
tle more  than  eat  and  sleep.  The  natural  food  at  this  time  is  the  milk  of  the  mother,  and 
the  digestive  fluids  do  not,  for  some  time,  possess  the  varied  solvent  properties  that  we 
find  in  the  adult,  though  observations  upon  the  secretions  of  the  infant  are  few  and 
rather  unsatisfactory.  The  full  activity  of  pulmonary  respiration  is  gradually  and  slowly 
established.  Young  animals  appropriate  a  comparatively  small  quantity  of  oxygen,  and, 
just  after  birth,  they  present  a  much  greater  power  of  resistance  to  asphyxia  than  the  adult. 
The  power  of  maintaining  the  animal  temperature  is  also  much  less  in  the  newly-born. 
The  process  of  ossification,  development  of  the  teeth,  etc.,  have  already  been  considered. 
The  hairs  are  shed  and  replaced  by  a  now  growth  a  short  time  after  birth.  The  fonta- 
nelles  gradually  diminish  in  size  alitor  birth,  and  they  are  completely  dosed  at  the  age  of 
about  four  years. 

The  period  of  life  which  dates  from  birth  to  the  age  of  two  years  is  called  infancy 
At  the  age  of  two  years,  the  transition  takes  place  from  infancy  to  childhood.  The 
child  is  now  able  to  walk  without  assistance,  the  food  is  more  varied,  and  the  digestive 
operations  are  more  complex.  The  special  senses  and  the  intelligence  become  more 
acute,  and  the  being  begins  to  learn  liow  to  express  ideas  in  language.  The  child  gradu- 
ally develops,  and  the  milk-teeth  are  replaced  by  the  permanent  teeth.  At  puberty, 
which  begins  at  from  the  fourteenth  to  the  seventeenth  year— a  little  earlier  in  the 
female — the  development  of  the  generative  organs  is  attended  with  important  physical 
and  moral  changes. 

The  different  ages  recognized  by  the  older  writers  wore  as  follows :  Infjmcy,  from 
birth  to  the  age  of  five  years;  adolescence,  or  youth,  to  the  twenty-fifth  year;  adult 
age,  to  the  thirty-fifth  year ;  middle  life,  to  the  fiftieth  year ;  old  age,  to  the  sixtieth 
year ;  and  then,  extreme  old  age.  A  man  may  be  regarded  at  his  maximum  of  intellect- 
nal  and  physical  development  at  about  the  age  of  thirty-five,  and  he  begins  to  decline 
after  the  sixtieth  year,  although  such  a  rule,  as  regards  intellectual  vigor,  would  cer- 
tainly meet  with  numerous  exceptions. 
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We  do  not  propose  to  consider,  in  this  connection,  the  psychological  variations  which 
occur  at  different  ages,  but,  as  regards  the  general  process  of  nutrition,  it  may  be  statcHl. 
in  general  terms,  that  the  appropriation  of  new  matter  is  a  little  superior  to  disassimik- 
tion  up  to  about  the  age  of  twenty -five  years ;  between  twenty-five  and  forty -five,  these 
two  processes  are  nearly  equal ;  and,  at  a  later  period,  the  nutrition  does  not  completely 
supply  the  physiological  waste  of  the  tissues,  the  proportion  of  organic  to  inorganic 
matter  gradually  diminishes,  and  death  follows,  as  an  inevitable  consequence  of  life.  In 
old  age,  the  muscular  movements  gradually  become  feeble ;  the  bones  contain  an  excess 
of  inorganic  matter;  the  ligaments  become  stiff;  the  special  senses  are  usually  obtuse; 
and  there  is  a  diminished  capacity  for  mental  labor,  with  more  or  less  loss  of  the  memory 
and  of  intellectual  vigor.  It  is  a  curious  fact  that  remote  events  are  more  clearly  and 
easily  recalled  to  the  mind  in  old  age,  than  those  of  recent  occurrence ;  and,  indeed, 
early  impressions  and  prejudices  then  appear  to  be  unusually  strong. 

It  frequently  happens,  in  old  age,  that  some  organ  essential  to  life  gives  way,  and  that 
this  is  the  immediate  cause  of  death ;  or  that  an  old  person  is  stricken  down  by  souie 
disease  to  which  his  age  renders  him  peculiarly  liable.     It  is  so  infrequent  to  observe    a 
perfectly  physiological  life,  continuing  throughout  the  successive  ages  of  man,  that  it  is 
almost  impossible  to  present  a  picture  of  physiological  death  ;  but  we  sometimes  observe 
a  gradual  fading  away  of  vitality  in  old  persons,  who  die  without  being  affected  with  any 
special  disease.     It  is  also  difiicult  to  fix  the  natural  period  of  human  life.     Some  per- 
sons die,  apparently  of  old  age,  at  seventy,  and  it  is  rare  that  life  is  preserved  bevond 
one  hundred  years.     In  treating  of  the  so-called  vital  point,  we  have  stated  that  there 
does  not  seem  to  be  any  such  occurrence,  except  under  conditions  of  most  extraordinary- 
external  violence,  as  instantaneous  death  of  all  parts  of  the  organism.     If  we  confine 
ourselves  to  physiological  facts,  we  cannot  admit  the  existence  of  a  single  vital  principle 
which  animates  the  entire  organism.     Each  tissue  appears  to  have  its  peculiar  property, 
dependent  upon  its  exact  physiological  constitution,   which   we  call  vitality;  a  term 
which  really  explains  nothing.     The  tissues  usually  die  successively,  and  not  simulta- 
neously, nearly  all  of  them  being  dependent  upon  the  circulating,  oxygen-carrying  hhxxl 
for  the  maintenance  of  their  physiological  properties.     It  has  been  demonstrated,  in- 
deed, that  the  so-called  vital  properties  of  tissues  may  be  restored,  after  apparent  dtatlj. 
by  the  injection  of  blood  into  their  vessels. 

After  death,  there  is  often  a  discharge  of  the  contents  of  the  rectum  and  Madder. 
and  parturition,  even,  has  been  known  to  take  place.  The  appearance  which  iudicjitts 
growth  of  the  beard  after  death  is  probably  due  to  shrinking  of  the  skin  and,  perlia|>. 
contraction  of  the  smooth  muscular  fibres  attached  to  the  hair-follicles.  The  most 
important  phenomenon,  however,  which  is  observed  before  putret*action  begins,  is  a  gen- 
eral rigidity  of  the  muscular  system. 

Cadatcrir  Rigidity. — At  a  variable  period  after  death,  ranging  usually  Ironi  five  to 
seven  hours,  all  of  the  muscles  of  the  body,  involuntary  as  well  as  voluntary,  become 
rigid  and  can  only  bo  stretched  by  the  application  of  considerable  force.  Sonietirae-s 
especially  after  long-continued  and  exhausting  diseases,  this  rigidity  ai)pears  as  soon  as  a 
quarter  of  an  hour  after  death.  In  tlie  case  of  persons  killed  suddenly,  while  in  full  health, 
it  may  not  be  developed  until  twenty  or  thirty  hours  after  death,  and  it  then  eontinius 
for  six  or  seven  days.  Its  average  duration  is  from  twenty-four  to  thirty-six  hour?: 
and,  as  a  rule,  it  is  more  marked  and  lasts  longer,  the  later  it  appears.  In  warm  weather, 
cadaveric  rigidity  appears  early  and  continues  for  a  short  time.  AVhen  the  contraction 
is  overcome  by  force,  after  the  rigidity  has  been  completely  established  and  ha^^  continutd 
for  s(uno  time,  it  does  not  reappear.  The  rigidity  of  the  muscular  system  extends  to  the 
muscular  coats  of  the  arteries  and  the  lymphatics.  It  is  for  this  reason  that  the  arterial 
system  is  usually  found  empty  .aft.T  death.  The  rigidity  first  appears  in  the  muscles 
which  move  the  lower  jaw  ;  tlien  it  is  noted  in  the  muscles  of  the  trunk  and  neck,  ex- 
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tends  to  the  arms,  and  finally,  to  the  legs,  disappearing  in  the  same  order  of  succession. 
The  stiffening  of  the  muscles  is  due  to  a  sort  of  coagulation  of  their  substance,  analogous 
to  the  coagulation  of  the  blood,  and  is  probably  attended  with  some  shortening  of  the 
fibres;  at  all  events,  the  fingers  and  thumbs  are  generally  flexed.  That  the  rigidity  is 
not  due  to  coagulation  of  the  blood,  is  shown  by  the  fact  that  it  occurs  in  animals  killed 
by  hjemorrhagc. 

According  to  John  Hunter,  the  blood  does  not  coagulate  nor  do  the  muscles  become 
rigid  in  animals  killed  by  lightning  or  hunted  to  death ;  but  it  is  a  question,  in  these 
instances,  whether  the  rigidity  does  not  begin  very  soon  after  death  and  continue  for 
a  brief  period,  so  that  it  may  escape  observation.  As  a  rule,  rigidity  is  less  marked  in 
very  old  and  in  very  young  persons  than  in  the  adult.  It  occurs  in  paralyzed  muscles, 
provided  they  have  not  undergone  extensive  fatty  degeneration. 

Under  ordinary  conditions  of  heat  and  moisture,  as  the  rigidity  of  the  muscular  sys- 
tem disappears,  the  processes  of  putrefaction  commence.  The  various  tissues,  with  the 
Jxception  of  certain  parts,  such  as  the  bones  and  teeth,  which  contain  a  large  proportion 
)f  inorganic  matter,  gradually  decompose,  forming  water,  carbonic  acid,  ammonia,  etc., 
rliich  pass  into  the  earth  and  the  atmosphere.  The  products  of  decomposition  of  the 
Tjjanism  are  then  in  a  condition  in  which  they  may  be  appropriated  by  the  vegetable 
kingdom. 
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influence  of  vegetable  bitters  upon 172 

perversion  of  after  extirpation  of  one  kidney 404 

modifications  of,  by  extirpation  of  the  spleen 479 

modifications  of.  by  extirpation  of  one  kidney  and 

in  casesof  biliary  fistula 479 

Aqaeous  humor  of  the  eye 7S1 

composition  of 7S2 

restoration  ot,  after  its  evacuation 782 

refhMTtion  by 798 

Azwhnoid. 667 
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Arachnoid,  first  appearance  of 916 

Arantius,  corpuscles  of 89 

Arbor  vitse  uteri 866 

Arctic  regions,  diet  in 512 

Area  vaaculosa  of  the  ovum 981 

Areolar  tissue,  absorption  fh>m 817 

Arms,  development  of. 915,  916 

Arnold's  ganglion 781 

Arrow-root. 181 

Arseniuretted  hydrogen,  effects  of. 141 

Arteries,  physiological  anatomy  of 64 

mode  of  branching  of 64 

anastomoses  of. 65 

anatomical  divisions  of. 65 

coats  of. 66 

muscular  fibres  of 66 

vasa  vasorum  ot 67 

nerves  of 67 

lymphatics  not  found  in  the  walls  of. 67 

course  of  the  blood  in 67 

elasticity  of. 67 

gradiuil  diminution  of  the  intermittency  of  the 

current  in 68 

contractility  of 09 

influence  of  the  s}niipathetic  nerves  upon 09 

irritablUty  of. 09 

influence  of  temperature  upon  the  size  of 70 

influence  of  the  resiliency  ol^  upon  the  circulation    70 

infiuenco  of  the  contractility  of  the  small  vessels 

upon  the  distribution  of  blood  in  the  tissues 70 

locomotion  ot,  and  production  of  the  pulse 70 

tonicity  of 74 

variations  in  the  diameter  of,  at  different  periods 

of  the  day 74 

pressure  of  blood  in 74 

pressure  in  different  vessels 77 

influence  of  respiration  upon  the  pressure  of 

blood  in 77 

influence  of  muscular  effort  upon  the  pressure  of 

blood  In 78 

influence  of  hsemorrhage  upon  the  pressure  of 

blood  In 78 

rapidity  of  the  flow  of  blood  in 79 

reason  why  they  are  found  empty  after  death.. .  114 

Articular  cartilage 851 

Arytenoid  muscle 552, 567 

Asphyxia,  Influence  of.  ui>on  the  circulation,  54, 60, 110, 169 

arrest  of  the  action  of  the  heart  In 54, 110, 169 

power  of  resistance  to,  In  the  newly-born,  148, 169, 510 

phenomena  of 168 

intlucnce  of  various  conditions  of  the  system  upon 

the  power  of  resistance  to 176 

Associated  movements 592 

AsUgmaUsm 794 

Atmosphere,  composition  of. :. .  140 

Attollens  aurem 818 

Attrahens  aurem 818 

Audition,  general  considerations 816 

topographical  anatomy  of  the  parts  connected 

with 817 

physics  of  sound  (sef  Sound) 828 

function  of  the  external  ear  in 886,  849 

function  of  the  membrana  tympani  In 887 

accommodation  in 840 

action  of  the  ossicles  of  the  ear  in 841 

functions  of  the  semicircular  canals  in 849 

ftinctlons  of  parts  contained  in  the  cochlea  in . . .  849 

fhnctions  of  the  organ  of  Ck)rti  in  860 

snnmiary  of  the  mechanism  of 861 
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AnditloD,  development  of  the  organs  of 919 

Auditory  meatus,  external 818 

^—  external,  deFelopment  of 928 

internal 815,  M6 

Auditory  nerves,  physiological  anatomy  of. 815 

general  properties  of 816 

galvanization  of. 816 

distrihutlon  of 846 

—  development  of 919 

Auditory  vesicles 919 

Auricle  of  the  ear 817 

Auricles  of  the  heart 85 

Auriculo-ventricular  valves,  action  of 47 

Autolaryngoscopy  in  the  study  of  the  mechanism  of 

deglutition 228 

in  the  study  of  phonation 554 

Axis-cylinder 567 

Azygos  uvule 217 

Bacillar  membrane 776 

Bacteria 655 

lUnting 502 

Bartholinus,  glands  of 890 

Barytone. 556 

Bass  voice 556 

Baths,  Turkish  and  Bussian 521 

Beard,  apparent  growth  of;  after  death 946 

Beats,  a  cause  of  discord 838 

Beaumont's  table  of  digestibility  of  various  alimentary 

substances  in  the  stomach. 250 

Beet-root  sugar —  181 

Bellini,  tubes  of. 896 

Bertin,  columns  oil 896,  400 

Bewin  ds  respirer 164,  660,  727 

Bicarbonate  of  soda 497 

Bicuspid  teeth 201 

Bilo,  action  of,  in  dlgostion 277 

color,  reaction,  and  speclflc  gravity  of 2S0 

influence  ot,  upon  the  fafos  and  upon  the  i)ori- 

stallic  movements  of  the  intestine 2>8,  286 

influence  of,  upon  tho  digestion  and  absorption 

of  fata 288 

absorption  of  the  salts  of,  l)y  the  intestinal  canal.  2>i 

variations  in  tho  flow  of 2>4 

resorption  of. 817,  827 

Pettonkofer's  test  for 4-19 

colorlnp"  matter  of. 448 

mechanism  of  the  secretion  and  discharge  of 439 

secretion  of,  by  the  liver-cells 489 

secretion  of,  from  venous  or  arterial  blood 440 

quantity  of 441 

variations  in  the  flow  of 441 

influence  of  digestion  upon  the  flow  of, 441 

excretory  function  of 4TiO 

general  properties  of 442 

color,  reaction,  and  specific  gravity  of 442 

composition  of 442,  448 

excretory  and  secretory  constituents  of 44^i 

inorganic  salts  of 448 

fatty  and  saponaceous  con.stituents  of 448 

cholesterlne  of 446 

organic  salts  of. 2S0,  444 

tests  for 449 

Biliary  acids 444 

Biliary  fistula 278,  281 

nutrition  in  a  ca.«*e  of 178 

Influence  of,  upon  tho  appetite 479 

Biliary  salts 280,  444 

absorption  of.  by  the  Intestinal  canal 2^,  802 


PAGI 

BUiary  salts,  Origin  of 446 

test  for 449 

Blliverdine 448 

test  for 4tf 

Binocular  vision 8UJ 

ftision  of  colors 606 

Bitters,  influence  oi;  upon  the  appetite ITS 

*•  Black-hole''  of  Calcutta ITO 

Bladder,  urinary,  physiological  anatomy  of 407 

muscular  coats  of 406 

sphincter  of 4XH 

corpus  trigonum 408 

uvula  of 408 

blood-vessels  of 408 

lymphatics  of 409 

contractions  of 409 

absorption  by 817 

— —  mucus  of. 8W 

'U—  first  appearance  of 907, 9M 

Blastoderm,  formation  of  the  cells  of. ^ 

Blastodermic  membranes MO,  91S 

Blepharoptosis 611, 819 

Blind  spot  of  the  retina 792 

Blood,  general  considerations 1 

extra-vascular  tissues 1 

effects  of  abstraction  and  subsequent  return  of. .    1 

transfusion  of. 2 

quantity  of * 

relative  quantity  of;  in  animals  during  digestUn 

and  fftsting * 

influence  of  abstinence  fh)m  fbod  upon  the  quan- 
tity of < 

opacity  of * 

odor  of,  and  development  of  odor  of;  by  sul- 
phuric acid * 

taste  of * 

reaction  of * 

specific  gravity  of 4 

temperature  of 5 

color  of M^S 

variations  in  the  color  of,  in  the  vascular  system  .\  1*>''> 

color  of,  in  veins  coming  from  glands. . . .  6, 344, S4T 

anatomical  elements  (corpuscles)  of * 

plasma  of,  or  liquor  sanguinis ^ 

specific  gravity  of  the  plasma  of • 

red  corpuscles  of —     ^ 

specific  gravity  of  the  red  corpuscles  of ' 

discovery  of  the  red  corpuscles  of. * 

size  of  the  red  corpuscles  of " 

relations  of  the  size  of  the  red  corpuscles  ot  to 

muscular  activity  in  different  animals  ^ 

table  of  measurements  of  the  rcnl  corpuscles  of. 

in  dlflerent  animals ^ 

enumeration  of  the  red  corpuscles  of 1'^ 

post-mortem  changes  in  the  red  corpuscles  of..    H 

method  for  restoring  the  form  of  the  red  cor- 
puscles of,  after  their  desiccation 1 1 

structure  of  the  red  corpuscles  of 12 

development  of  the  red  corpuscles  of 11  ^^'l 

red  corpuscles  of,  in  the  foetus 12, 9S1 

nucleated  corpuscles  of 12,  ?81 

relations  of  leucocytes  to  tho  development  of  the 

red  corpuscles  of ^- 

theory  of  destruction  of  the  red  corpuscles  ot 

for  the  production  of  pigment ^* 

relations  of  the  spleen  to  the  blood-corpuscles. .      1^ 

function  of  the  red  corpuscles  of la,  liifi,  160 

capacity  of  the  red  corpuscles  of,  for  the  absorp- 
tion of  oxygon,  as  compared  with  the  plasma,  13, 156, 1^^ 
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Blood,  action  of  the  red  eorpoAcles  oi;  as  reftpiratory 

orirana 18 

leacocytea,  or  white  corpuscles  of. 18 

—  situations  In  which  leucocytes  are  found 14 

appearance  and  characters  of  leucocytes 14 

—  quantity  of  lenoocytes  as  compared  with  that  of 

the  red  corpuscles 14 

—  Tarlations  in  the  proportions  of  leucooytos 14 

—  proportion  of  leucocytes  in  the   blood  of  the         i 
iplenic  veins 15  J 

—  specific  gravity  of  the  leucocytes  of. 15 

—  development  of  leucocytes 15 

—  elementary  corpuscles  of 15  | 

composition  of  the  red  corpuscles  of IG  i 

analysisof 19  \ 

table  of  composition  of  the  blood-plosma 19 

proximate  principles  of 20 

inorganic  principles  of 21  \ 

ftinctiuns  of  water  in 21 

ftmctions  of  chloride  of  sodium  in 21 

ftmctions  of  other  inorganic  salts  in  21  ' 

organic  saline  principles  in 21  i 

oiganic  non-nitrogenized  principles  in 21  i 

excrementitious  matters  in 21  \ 

flits  and  sugars  in 22  [ 

- —  organic  nitrogcnized  principles  in 22  ; 

~~-  plasmine,  fibrin,  metalbumen,  and  serine  in 22  I 

peptones  in 23  , 

coloring  matter  of  the  plasma  of 28  ! 

coagulation  of. 24  j 

clot  and  serum  of 24  ' 

—  formation  of  the  clot  in 24  I 

—  proportions  of  clot  and  serum 24  j 

—  characters  of  the  clot  of 25  | 

" —  characters  of  the  serum  of. 25  ' 

—  coagulating  principle  of 25  I 

—  circumstances  which  mclify  coagulation  ol^  out 

of  the  body 26 

—  influence  of  temperature,  chemicals,  etc.,  upon 
the  coagulation  of 2fi 

coagulation  of,  in  the  organism 26 

coagulation  oC  in  animals  killed  by  lightuing  or 

hunted  to  death 26 

—^  coagulation  of,  in  the  heart  and  vessels 27 

coagulation  oi;  in  the  serous  cavities  and  in  the 

Graafian  folBcIes 27 

olBce  of  the  coagulation  of;  in  the  arrest  cf 

hemorrhage 27 

cause  of  the  coagulation  of "SS 

theory  that  coagulation  ot  is  due  to  the  evapora- 
tion of  ammonia 28 

other  theories  of  the  coagulation  of 23 

decomposition  of  plasmine  into  fibrin  and  metal- 

bumen 29 

non-coagulation  of;  when  drawn  by  the  leech. . .  80 

fibrillation  of  fibrin  in  coagulation  of 80 

non-coaguktion  of;  in  the  renal  and  hepatic  veins 

and  in  the  capillaries 3U,  472 

circulation  of  ($ee  Circulation) 31 

function  of;  in  respiration 115 

changes  in,  in  respiration  (see  Respiration) 155 

difference  in  color  between  arterial  and  venous. .  155 

absorption  of  oxygen  by  the  rod  corpuscles  of. .  156 

gaaesof. 15« 

—  nitrogen  in 1 W 

condition  of  the  gases  in 160 

general  differences  in  the  composition  of  arterial 

and  renooB 161 

Inflnenoe  of  the  condition  of;  upon  absorption. . .  820 
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Blood,  influence  of  the  composition  and  pressure  of; 

upon  secretion. 846 

changes  of;  in  passhig  through  the  kidneys 406 

changes  in  the  albuminoid  and  corpuscular  con- 
stituents oi;  in  passing  through  the  Hver 472 

changes  in,  in  passing  through  the  spleen 477 

relations  of;  to  muscular  irritabilit / 587 

Blood-corpuscles,  development  of,  in  the  ovum 981 

Blood-vessels,  absorption  by 801 

first  formation  of;  in  the  blastodermic  layers 980 

Bones,  action  of  the  gastric  juice  upon 249 

anatomy  of M8 

fundamental  substance  of. 644 

Haversian  rods  of 544 

Haversian  canals  of .   544 

lacunc  of 545 

osteoplasts  and  canaliculi  of 545 

marrow  of 646 

blood-vessels  of 647 

periosteum 647 

regeneration  of,  by  transpUmtation  of  periosteum  647 

Bone-corpuscles 645 

Bntal,  foramen  of 984 

Boys,  voice  of 666 

Brain,  circulation  in 106 

contraction  and  expansion  of;  with  the  acts  of 

respiration 107,  668 

peculiarity  of  the  small  vessels  of 107,  588,  668 

lymphatics  of 806 

variations  in  the  quantity  of  blood  in 667 

ganglia  of 688,690 

weight  of  different  ports  of 689 

difference  in  the  weight  oi;  in  the  sexes 669 

differences  in  the  weight  of,  at  different  ages 690 

specific  gravity  of 690 

some  points  in  the  physiological  anatomy  of . . . .  690 

directions  of  the  fibres  in 691 

table  of  weights  of;  in  white  and  black  races. 702 

Lible  of  weights  of,  in  various  individuals 702 

state  of  knowledge  concerning  the  functions  of 

the  pineal  gland,  pituitary  body,  corpus  callosum, 

septum  lucldum,  ventricles,  and  hippocampi  of 728 

rolling  and  turning  movements  following  injury 

of  certain  parts  of 728 

Bronchial  arches 988 

Bread,  mode  fh)m  gluten 179 

Bread,  digestibility  of 261 

Breathing  capoclty.  extreme 187 

Breschet,  perilymph  and  endol^'mph  of. 846 

Bronchial  arteries 121 

mucus 866 

tubes 118 

tubes,  development  of. 922 

Bronzed  skin 481 

Brunner.  glands  of 260, 267 

Buccal  glands 209 

Buccinator  muscle,  action  of;  in  mastication 205 

Bursa?  mucos© 851 

synovial 851 

Butter 168 

composition  of 874 

Buty  rino 876 

Byron,  brain  of 702 

t'Oiloveric  rigidity 946 

Ca?cum 2S0 

development  of 920 

Caffeine 189 

Calorification  (see  Animal  heat) 606 
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Canals  of  Cuvier. »88 

Cane-sugar 190 

Canine  teeth 201 

Calcutta,  "black-hoie"  of 170 

Capillaries,  circulation  in 81 

physiological  anatomy  of 82 

epithelium  of 82 

stoniata  In  the  walls  of 82 

size  of 82 

capacity  of  the  system  of. 84 

course  of  blood  in 84, 87 

study  of  the  circulation  in,  with  the  microsoope 

(note) 85 

**  still  layer"  in 86 

circulation  in,  in  the  lungs 8S 

rapidity  of  the  flow  of  blood  in 89 

relations  of  the  circulation  In,  to  respiration 89 

causes  of  the  drculation  in 90 

Capillary  attraction 828 

blood,  non-coagulation  of. 80 

power,  so-called 90 

influence  of  temperature  uiwn  the  circulation  in  91 

influence  of  direct  irritation  upon  the  circula- 
tion in 91 

phenomena  of  inflammation  observed  in 92 

CaprlUne 875 

Caprine 875 

Caproine 875 

Capsicum 190 

Caput  coU 288 

Carbon,  quantity  of;  necessary  to  nutrition 192 

Carbonate  of  lime 495 

table  of  quantities  of 406 

origin  and  discharge  of 496 

of  magnesia. 497 

of  potassa 497 

of  soda,  function  of 4% 

of  soda,  oriffin  and  disobarfre  of 4'M] 

Carbonic  acid,  small  proportion  of,  in  the  air 140 

relations  of  the  consumption  of  oxygen  to  the 

production  of 143, 1 .52 

exhalation  of  in  respiration  (f<ee  Kosplration) 14-1 

sources  of,  in  the  expiretl  air IM 

analysis  of  the  blood  for 157 

projK)rtion  of.  in  the  blood 15J 

disengajrement  of,   by  the    action  of  pneuniic 

acid 1.-h3,  ICO 

condition  of.  in  the  blood iC.ti 

sources  of,  in  the  blood i  r»(i 

action  of  the  phosphate  of  soda  upon  the  cap.icity 

of  absorption  of,  by  the  blof)d .  U'lO 

effects  of  accumulation  of,  in  the  atmosphere 169 

in  milk H'Tt 

relations  of  the  production  of.  to  animal  heat 519 

Carbonic  oxide,  effects  of. 141,  107,  1G9 

use  of,  io  analysis  of   t!ie   blooil   for  oxyjren. 

15s,  ir,o 

Cardiac  plexus 7.^,3 

Cardinal  veins 038 

Cardiometer 4'>,  7») 

Carotid  plexus 7;W 

Carotids,  development  of. 988 

Cirtllage MS 

art  icular 851 

^—  cells  and  cavities 549 

of  Meckel 919,  928 

Cartllaplne 1 77 

Caruncula 812 

Caselne  177,  874 
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Caselne,  vegetable 179 

action  of  the  gastric  juice  upon. 24C 

action  of  reagents  upon 8T4 

coagulation  of,  by  the  mucooa  membrane  of  the 

stomach Si4 

Caseine-peptone iU 

Casper  Uauser,  case  of 80S 

Castration,  effects  ol^  upon  the  voice 5U 

Catelectrotonus M5 

Cavernous  plexus Xtt 

CeUulose 188 

Cement  of  the  teeth 199,  M6 

Cephalo-rachidian  fluid 107,6C7,Ma 

situation  of IftT 

quantity,  properties,  composition,  and  ftuetioos 

of. MB 

effects  of  removal  of. Md 

Cereals 179,151,  18S 

proportion  of  flat  in . .  < IsM 

Cerebellum,  weight  of 690,  70€ 

physiological  anatomy  of T0€ 

comparative  weight  o^  in  the  sexes 706 

course  of  the  fibres  in TOT 

general  properties  of. IftJ 

fUnctionsof. 70S 

extirpation  of,  in  animals 709 

influence  of;  upon  muscular  oo&rdination 7(9 

recovery  of  coordinating  power  after  removal  of 

a  portion  of. 710 

pathological  &cts  bearing  upon  the  fhncti(m  of. .  71) 

analysis  of  AndraPs  ninety-three  eases  of  disease 

of. TtJ 

additional  cases  of  disease  of T15 

connection  of,  with  the  generative  function "It 

comparative  size  of,  in  stallions,  mares,  and  peld- 

Inffs Tl? 

movements  of  the  uterus,  testicles,  etc.,  follow- 
ing Irritation  of "13 

comparative  development  of  in  the  lower  ani- 
mals  T19 

development  of 91' 

Cerebral  vesicles,  formation  of 91T 

Cerebrate  of  80<la 5^ 

Cerebricacid W 

Cerebrino -^ 

Cerebro-splnal  axis,  general  arrangement  of fi^ 

Cert bro-splnal  fluid  (a^<  Cephalo-rachidian  fluid).  CA:,  fiftS 

Cerebrum,  case  of  supposed  receneratlon  of .Vs5 

weifrht  of ft»0 

physioloRical  anatomy  of  (ay^  Brain) 692 

motor  and  sensory  cells  of S^ 

poneral  properties  of ft** 

motor  centres  in  6t*S 

Amctions  of flW 

extirpation  of.  In  animals flP^ 

absence  of,  in  the  aniphioxus  lanceolatus ft»6 

absence  of  intellectual  faculties  in  animals  after 

removal  of fil»7 

patholojrical  fa<'ts  bearlni,'  ujwn  the  functions  of  d^ 

In  Idiots Tot> 

comf>arallve  develojunent  of,  in  the  lower  ani- 
mals   TOl 

comparative  development  of.  In  different  n»ces  of 

men  and  in  different  in<lividuals 701 

location  of  the  faculty  of  articulate  langu.a«-e  in..  7lH 

development  of t*l7 

development  of  the  convolutions  of ^l"* 

development  of  the  ventricles  of yi"" 

Cervix  uteri,  mucous  membrane  of ^*5 
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Cerrix  uteri,  ereetOe  tiuae  of. 

action  of;  In  ooltns. 

— -  production  of  muciu  by,  in  coitos 

Ceramen. 

CenuninooB  glands 

Gbceka,  action  oi;  in  mastication 204,205 

Cheese 17T 

— -IWxnpeas. 1T9 

Qiest-register W0 

Chick,  derelopment  of. 912 

Odldhood 94A 

CUoride  of  potassium 494 

Chkride  of  sodium,  Amction  ol^  in  alimentation. .  1S4,  191 

table  of  quantities  of. 492 

general  Auctions  of. 492 

— ^  effects  upon  animals  of  deprivation  of A'.tS 

origin  and  dischargee  of 498 

Clilorides,  diminution  oi;  in  the  urine 422 

Cbooolate 190 

Cholricsdd ; 2-?0,444 

Cholesteriue 260 

tnnsformAtion  ot,  into  stercorine 295 

~— -  In  the  ttces  of  animals  in  starvation,  in  hitx'rnat- 

Uig  animals,  and  in  the  meconium 295 

-in the  bllo 446 

extraction  of 447 

• ^  origin  ot  by  disassimllation  of  the  nervous  tissue  451 

comparative  quantity  of,  in  the  bood  going  to 

and  coming  from  the  brain 451 

comparative  quantity  of;  in  the  blood  upon  the 

two  sides  of  the  body,  in  cases  of  hemiplegia 4')8 

—  elimination  of;  by  the  liver 451 

—  eomparatiTO  quantity  of,  in  the  blood  going  lo 
nd  coming  firom  the  liver 455 

- —  proportion  ot,  in  the  blood  in  cases  of  grave  and 

of  simple  ictems 457 

proportion  of;  In  the  blood  in  cases  of  cirrhotils.  457 

poisoning  by  injection  of,  into  the  blood 453 

Choleatensmia 45S 

Oiotte  add 280,  414 

Cboodrine 177,  W?» 

Chorda  dorsalis 918, 91 4 

Chorda  tym poni 622,  7 60 

influence  of;  upon  gustation 622,  761 

inflnence  of;  upon  the  submaxiUarj  gland 628 

general  properties  of 760 

Chords  in  music ^^2 
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discovery  of 81 
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acid 149 

composition  of 187 

Influence  of;  upon  nutrition. 188 
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DeddiUB,  fomMUoQ  of 907 

Detecmtion '296 

oonditioiis  which  precede  the  desire  for 297 

muscular  action  in 297, 298 

DeglnUtion,  uses  of  the  epiglottis  in 117 

acUon  of  the  tong  uein 204»21« 

influence  of  the  saliva  upon 214 

physiological  anatomy  of  the  parts  concerned  in .  215 

mechanism  of 218 

flret  period  of 218 

effects  of  section  of  the  sublingual  nerves  upon..  219 

in  cases  of  absence  of  the  tongue 219 

second  period  of 219 

action  of  the  constrictors  of  the  pharynx  in  the 

second  period  of 220 

—  protection  of  the  posterior  nores  during 220 

protection  of  the  opening  of  the  Jarynx  dur- 
ing   220,224 

relations  of,  to  respiration 220 

action  of  the  epiglottis  in 221 

influence  of  the  sensibility  of  the  top  of  the 

larynx  in  protecting  the  opening  during 221 

study  oi;  by  autolaryngoscopy 228 

third  period  of 224 

action  of  the  oesophagus  in 224 

length  of  time  occupied  in 224 

character  of  the  movements  of 225 

in  the  inverted  posture 225 

©fair 225 

influence  of  the  pneumogastric  nerves  upon 252 

influence  of  the  spinal  accessory  nerves  upon. . .  GUI 

influence  of  the  sublingual  nerves  upon 6&4 

—  influence  of  the  superior  laryngeal  branches  of 
the  pneomogastrics  tipon C51 

influence  of  the  inferior  huyngeal  branches  of  the 

pncumogastrics  upon d53 

Demours,  membrane  of 771 

Dental  bulb 925 

foUicle 925 

Dentine 199,925 

Depressor-nerve  of  the  circulation 7:i,  655 

Derivative  circulation 103 

Derma  («m  Skin) 381 

Deacemet,  membrane  of 771 

Development  of  the  embryon  («c^  Embr>'on) 911 

afterbirth 945 

Dextral  preGminence 944 

Dextrine 182 

Diabetes,  artlflcial 405,  470,  608 

DUphragm 121, 128 

acUon  of,  in  inspiration 124 

Influence  of  contraction  of,  upon  the  sizo  of  the 
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opening  for  the  oraophagua. 

development  of 

Diaphragmatic  hernia,  congenital. . . 

Diastase 

animal,  action  of,  upon  starch. . 

Dlcrotism  of  the  pulse 

Diet  (see  Food) 

regulation  of,  in  hospitals,  etc.. 

influence  oty  upon  the  development  of  power 

and  endurance 498 

Tariations  in.  In  diflferont  climates 512 

in  arctic  regions 512,  518 

Difltiaion  of  Ilqaids 824,  826 

Digeation,  influence  o^  upon  the  proportion  of  leuco- 
cytes in  the  blood 1ft 

inflneooe  oi;  upon  the  pulse 52 

infloenee  of;  upon  the  exhalation  of  carbonic  acid .  14S 


PAOS 

Digestion,  general  considcrationB 195 

duration  of 195 

general  view  of  the  organs  of 195 

successive  action  of  the  various  digestive  fluids 

in 242 

actl(»n  of  the  saliva  in  {see  Saliva) 206 

action  of  the  gastric  Juice  in  (see  Gastric  juice). .  242 

of  nitrogenized  alimentary  principles. . .  248, 267,  277 

duration  of;  in  the  stomach 248 

circumstances  which  mfluence 251 

influence  of  exercise  upon 251 

Influence  of  sleep  upon 251 

influence  of  hemorrhage  upon 251 

influence  of  Inanition  upon 251 

Influence  of  ago  upon 251 

in  the  small  mtestine 267,  267,  278 

action  of  the  intestinal  Juice  in  {see  Intestinal 

Juice) 267 

action  of  the  pancreatic  Juice  in  {see  Pancreatic 

juice) 278 

action  of  the  bUe  in  {see  Bile) 277 

influence  of;  upon  the  quimtity  of  lymph 829 

influence  oi;  upon  the  flow  of  bile 441 

influence  of;  upon  the  glycogenic  Amction  of  the 

Uver 469 

influence  of,  upon  the  volume  of  the  spleen 477 

influence  of;  upon  animal  heat 511 

Digestive  fluids  in  the  foetus 921,  944 

Digitalis,  want  of  action  of,  upon  the  heart,  after  sec- 
tion of  the  pneumogastrlcs 654,  666 

Dilator  tubee  muscle 821 

Dlsasslmllation,  products  of 605 

table  of  products  of 606 

Discords 888 

Discus  proligorus 868 

Dissepiments  of  the  placenta 910 

Diurnal  variations  in  the  urine 427 

Dorsal  plates 918,915 

Double  vision 802 

Dreams 744 

Drinking,  mechanism  of 197 

Drinks...  184 

influence  of;  upon  the  urine 427 

Duct  of  MOlier,  development  of;  Into  the  FallopUm 

tube 927 

Ducticss  glands 472 

enumeration  of 478 

Ductus  arteriosus 982,  988 

closure  of 983 

venosus,  closure  of 988 

Duodenum 267 

glands  of 260 

Dupuytren,  brain  of 708 

Dura  mater 667 

first  appearance  of 916 

Ear,  glands  of 860 

uses  of  the  hairs  at  the  opening  of. 890 

disease  of  the  semicircular  canate  of 718 

lobule  of. 817 

Ear,  external 817 

uses  of. 886,849 

muscles  of. 818 

Ear,  middle,  general  arrangement  of  the  parts  in ... .  818 

arrangement  of  the  ossicles  of 819 

fenestra  ovalls  and  fenestra  rotunda  of. 819 

muscles  of 820 

arrangement  of  the  tympanic  membrane  In  {see 

Tympanic  membrane) 886 
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*^  aqueous  humor  of .,.,.,.. 
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—  hyaloid  mernlirane  of,  — .,.......,.,,.., 
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mecbantsm  of  refNiettoQ  la, ... , 


INDEX. 


967 
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•euaimiuiilAtioi]  ot  to  riaion  at  different  distances  T9S 

-.-r  -T-^^n\iif  pokJiU  In  the  retinas  of. .  .602,  b08,  810 

moTeoMnta  of 807 

^— moaclea  of. 807 

protrusion  and  retraction  o^  by  mascnlar  action  808 

—•  action  of  the  recti  muscles  of 808 

action  of  the  oblique  muscles  of 809 

Wi»«f  nrtiitiQaof.  808,809 

movoDiatAoltCLiBiotiot 809 

' — -aa*o<itfii  jMttoil  of  tbg  muscles  of 810 

pula&rthtpfOls^iMof 811 

'Cmal  csztLtafet  of.     811 

— -  development  of 918 

Eyebrows. 890,811 

Eyelaahes 890,811 

EyeUds. 811 

glands  of Jf 861 

muscleaot 811 

—  derelopment  of 919 

— -  time  ot  separation  of,  in  the  fcetus 941 


Face,  development  of 

Facial  angle 

Facial  nerve 

physiological  anatomy  of 

dcvdUJAtiua  of  th*^  nn>U  of. 

brancbtdd  «l^  witliiii  the  oqiuMlac^oM  Fallopli 

eidbtrftftl  Ijnmcbijs  of.  

iumoiary  of  tho  winUymoiith  and  distribution  of 

^—  nrorrfriii's  and  fnjiattoQS  of 

influence  of^  upon  taste  and  upon  the  submaxil- 
lary ^and  (am  Chortk  ivnirtanl)        622, 

influence  of^  upon  the  movements  of  the  palate, 

uvula,  and  tongue C'2d, 

fhnctions  of  the  I'-'VTt-i-niil  tiriuii'fcjL--:  of 

efl^icta  uf  ^tini  ulAttoiit  of  branc-tn's  i>f       

Influence  oC  upon  mu#tJratiiin,  through  the  buc- 

dnator  muscle. 

Fadal  palsy,  symptoms  of 

FBcea,  influence  of  the  bile  upon 

quantity  of 

—  analysis  of 

cholesterine  in,  in  starvation,  in  hibernating  ani- 
mals, and  in  meconium 

»'flgujwd" 20«, 

ateroorine  in 

FUIopian  tubes 

flmbrte  of. 

>-^  mucous  membrane  of 

opening  of,  into  the  peritoneal  cavity 

anpposed  influence  of,  upon  the  rupture  of  Graa- 
fian foHielea 

passage  of  the  semen  through 

development  of;  from  the  ducts  of  Mullcr 

FUJopianppegiiiticy 892, 

Faliietto-refrliler 

FdxcerebelH 

Falx  cerebri 

Fats  in  the  blood 

Fat's  c-crmjiowUlofi  of. 

— —  eapDtilflcatiol]  of   

cmulMflcatidn  of, 

as  a  Bbkgte  mrtidi?  of  diet 

actlnKd  af  tbc  foatrir  juice  upon 

— —  not  acted  upon  by  the  intestinal  juice 

aedon  of  tha  pancreatk  juice  upon 
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Fats,  influence  of  the  bile  upon  the  digestion  and  ab- 
sorption of 288 

absorption  of  (ua  AbaorptlOD)* 801 

absorption  o^  by  the iicteik 802,817,826 

alleged  prcuJurtloQ  flf.  by  tbo  liver  472 

relations  of,  to  nutrition 601 

formation  and  deposition  of 601 

disappearance  of,  in  inanition 60S 

condition  and  amount  of, in  the  organism..  608,  604 

cijjati  if]i y  orttdliHjjsu  tlsHiib 608 

Fatty  iii  iilA  »iid  aalta  In  tho  blood 21 

Fatty  di^i^L'iitiraikdi  or  subatltiitloi] 601 

Fatty  diarrbas^ciHA  of  276 

Fatty  matten  Of  thi»  dcjtoua  system 664 

Faity  ojsd  upoDAM^^us  constituents  of  the  bile 448 

FouMfl,  pUl^n  of- 216 

isthmus  of 216 

FecuDdaUon,  situation  of.  892,896 

time  when  it  is  most  likely  to  occur 898 

mechanism  of 888 

Fttuiiility,  iimlu  oi;  as  regards  age 874 

Ff^hling'a  test  for  PUiiif 461 

Female  organs  of  generation,  intom.il 667 

Female  organs  of  generation,  external 668 

Female,  action  of,  in  coitus 889 

Female,  orgasm  In 890 

Fenestra  oralis 819,  822 

Fi ni'^trii  rotuada 819,  622,  &12 

Ferii:^f,tniti*d  memtinijaufi 626 

Fi?n¥li]»  piTBinid*  of. 896,  400 

Fibrld..    '  177 

concrete  and  dissolved 28 

of  the  clot 26 

non-organization  of 27,  80 

formation  of;  by  decomposition  of  plasm Ine 29 

fibrillation  oC  in  coagulation 80 

vegetable 179 

action  of  the  gastric  juice  upon 246 

action  of  dilute  acids  upon 246 

Fibrinfkctors 29 

Fibrinogen 29 

Fibrinoplostic  matter 29 

Fibrin-peptone 246 

Fibro-carUIage 649 

Fibro-plostlc  elements 682 

Fibrous  tissue,  white,  or  inelastic 681 

Fifth  cranial  ncr>'o,  small  root  of  {«€«  Mastication, 

nor>-o  oO ^15 

Fiftb  eriijiiul  nrrvt,  large  root  of 684 

I^jslolfiiirlcal  ain4t<«iiy  of. C86 

gnuglloa  of  r»aiw.  r 686 

t'l-jfii  he*  i>f  C86 

properties  and  functions  of 689 

operation  for  the  division  of;  within  the  cranial 

cavity 689 

liDmedlato  dfiet*  of  dhision  of. 640 

laflueoce  oi;  upon  deglutition Ml 

remote  tittivtM  of  dK iiten  of 641 

difl'oren   remote  efTect*  of  dlTtslan  oC  before  and 

beblTKl  the  gunglUm  of  OaMur, W2 

eff'ects  of  dtvL-iion  of;  upon  the  nutrition  of  the 

organs  of  »iH»clal  sense 642 

—  relation;*  of,  to  the  s>'mpathetlc  system 648 

cases  of  paralysis  of;  in  the  human  subject 64i) 

FSlflacofiaen.  846 

Fish,  digestibility  of 251 

Fisk,  James,  Jr.,  brain  of. 7(« 

Flax-seed Is2 

Foetal  circulation 985 
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Tcgetable... 118 
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when  tAkenoloao.,,,,,.. ..,.,. IH 

loHaeDoe  of,  upon  lictotlon 869 

'•^  tDduimoB  of;  upon  the  ujpIimj , ,.  42T 

loilQeDOd  of  dllFurent  kinds  oC  upon  iho  glyoo- 

gunlo  function  of  tbe  liver.. ,.,.,,,,,    4TO 

Foratuen  ovsle , , 80^  984 
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Bi«chanhun  of  tbo  IntercfaongB  of,  b«tw««a  tb» 

blood  and  th«  olr  In  tbe  Inngi Itt 
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-^•ocnetluo  of Mk 
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^  action  of,  opon  sugan 81ft 
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' —  development  of  tbe  cjctemal  orgmt  oC ttl 
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Gcnlto-urinary  system,  dcvelopmeot  of iff 

Germinal  spot 
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Oinddds^  orirsn  of 
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OkndB,  of  Tyson «iW 

of  the  «ar  (oerominous) 300 

MeiboQiian 861 

dacUoM,  or  blood-glands 472 

terminationB  of  nervea  in 572 

QlMLiluMr  ^piUi^llfE 843 

GIlAKia,  CAjir-ule  uf 431,482 

GlobiUine. 17,177 

Globalins  of  the  lymph  and  chyle 338,  337 

i3rjuiM>p^Eiar>'ng«4J  n^rt^ 761 

pi^yatobagiwd  ■Mftwny  of 761 

ftaerAl  |wop«]ti««  «f ,       763 

— —  n^hUJuD4  oJt  U»  gU>t4tloil   764 

OiOltLi,  movciiitiuli  u^  in  rc^jpliradan 116,  &&3 

indueact'  ulf  the  inferior  laryngeal  nerves  upon 

the  moven.ieiit'i  of 116,  553 

appearance  of^  aa  seen  with  the  Urjoigoscope. . .  551 

— —  development  of 922 

Gfaicofle  {ue  Sugars) 22,  ISO,  182 

Ohiten 179 

—^  bread  made  from 179 

action  of  the  gastric  Juice  upon 246 

Ohitiiie 179 

tilydne 2S0 

Olycoebolate  of  soda 2S0,  444,  446 

OlyoochoUc  acid 2S0,  444,  446 

GlycoooUe 17S 

Glycogenic  Ainction  of  the  liver  {see  Liver) 459 

G^cogenic  matter 467 

mode  of  oxtrartion  of 467 

Goose-flesh 881 

GmjlAii  IbUkilefl 859,860 

— —  number  of 860 

mode  of  fanniitlofl  of 860 

sEk  of  862 

fiMtB  of  862 

iii«tabrani  graziubu  f>f P63 

dlMUfl,  or  f^iimmlu^  proll^-rua  in 86:3 

situation  of  the  ovum  in SAB 

rupture  of 870,  671 

macula  of. 870 

influence  of  copulation  upon  the  rupture  of.  .871,  872  j 

relations  of  rupture  of,  to  menstruation 872 

changes  in,  after  their  rupture  (see  Corpus  lu-         ] 

team) 877  | 

Gnqie-sugar ISO 

Gubemaculum  testis 023 

Ooms 1 82 

iii'Miti  ot,  to  olfiiction 753 

I  'i^OQ jlikrailans  of 759 

nerves  of 700 

ftinctions  of  the  chorda  tympani  In 761 

ftanctiona  of  the  glosso-pharyngcal  nerve  in  —  764 

mechanism  of 764 

—  ]dsysiological  anatomy  of  the  organ  of 764 

Influence  of  Ihti  iilit>raii  tyitipaui  upon 622 

Gattorala 562 


Iliemorrhage,  influence  of^  upon  the  arterial  pressure.  7d 

etfects  of;  upon  the  sense  of  thirst 174 

Influence  oi;  upon  digestion 251 

Ilipmorrhagic  diathesis 27 

Hair-cells  of  the  internal  ear g^g 

Hair-follicles 337 

ti  roilnatJaQS  of  nerves  In 575 

U:ilrf»,  viirk'tiei  of ggjj 

yiie  4j[;  lu  lii^fretit  parts 305 


Hcmadrometcr 

Hemadjmam^meter 

Hcmagloblne 

absorption  of  oxygen  by  . 

Hft'Li.,«:^;.4l.Jiw 
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hygrometricity  of 3^9 

roots  of 3g^ 

structure  of. 888 

color  of 839 

growth  of 889 

development  of 889 

shujilLufr  uf,  in  Uiy  infant 889 

f^uijiiiu  bEaoc^ing of 889 

1J5U5  of  890 

tlfft  nppi'nrftiK^  of 916 

nhoddloir  aod  ropliicln^'  of 945 

ITdk-r,  vaeabemLDSOf    881 

Hamulus  of  the  cochlea 828, 844 

Hare-lip 662,  924 

Harmonics,  or  overtones 829 

Harmony 882 

Hauser,  Caspar,  cose  of 808 

Haversian  canals 644 

Haversian  rods 644 

Head-fold  of  the  neural  canal 900 

IkfMl-rogjsttir       659 

I Jeariog  (irt  Atidltton) 815 

ilt^art,  ilest!H|>t]c»Jii  of  the  action  of,  by  Harvey 82 

general  description  of  the  action  of 84 

physiological  anatomy  of 86 

pericardium  of : . .    86 

weight  of 85 

auricles  of 85 

— —  foramen  ovale  of 86 

Eustachian  valve  of 86 

ventricles  of 86 

comparative  capacity  of  the  right  and  the  left 

vontricle  of. 86 

muu.-uliu'  tlssuo  of 85, 87 

compomtlvo  thlck]lfi£>^  of  the  ventricles  of 88 

^-alves  of 88,  89, 47, 48 

demonstration    of    the    action   of    tbe   valves 

of 89,46 

movements  of. 40 

complete  revolution  of 40 

demonstration  of  the  action  of 40 

action  of  the  auricles  of 40 

action  of  the  ventricles  of 41 

locomotion  of 41 

twlstlnpT  of 42 

hardening  of 42 

shortenini;;  and  elongation  of 42 

impulse  of 48 

succession  of  the  movements  of 48 

relative  time  occupied  by  the  auricular  and  the 

ventricular  contractions  of 44 

force  of 46 

sounds  of 48, 49 

fh>quency  of  the  action  of  (see  Pulse) 61 

inttiiJL'tice  of  resplratlori  upon  the  action  of 64 

arrest  u f  ibi*  a^^tioa  fit  t«  asphyxia 64 

arrest  of  the  action  o^  by  voluntary  arrest  of 

respiration 65 

cause  of  the  rhythmical  contractions  of 65,  68 
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Heart,  pulMtioo  ot,  when  remoTed  from  the  body. . .    56 
pulsation  of;  in  animala  poiaoned  with  woora- 

ra 68,69,61 

ganglia  in  the  anhatance  of 66  (note)  69 

arreat  of  the  action  of;  by  Ugation  of  the  coronary 

arterlea ^^ 

contractions  o^  produced  by  irritation  duxing  its 

repose M 

influence  of  the  blood  in  its  cavities  upon  the 

contractions  ot 67,  68 

influence  of  the  density  of  its  contents  upon  the 

contractions  of 68 

irritability  of  the  muscular  tissue  of 68 

irritability  of  the  lining  membrane  of, 68 

influence  of  the  nervous  system  upon 68 

insenslblUty  of 68 

arrest  of  the  action  of,  by  sudden  destruction  of 

the  spinal  cord 59 

influence  of  the  pneumogastrics  upon 69,  60,  681 

Influence  of  the  sympathetic  nerves  upon 60 

influence  of  the  spinal  accessory  nerves  upon  61, 681, 

666,658 

palplUUon  of 59,  61 

influence  of  mental  emotions  upon 62 

anmmary  of  causes  of  arrest  of  the  action  of. . .     62 

death  (h)m  distention  of 68 

death  fh>m  a  blow  upon  the  epigastrium 68 

relations  of  the  force  of;  to  the  f^quency  of  its 

pulsations 78, 112 

—  circulation  in  the  walls  of 110 

time  required  for  the  passage  of  the  entire  mass 

of  blood  through 112 

quantity  of  blood  discharged  by  each  ventricular 

systole  of 112 

relation  of  the  frequency  of  the  action  o^  to  the 

rap««llty  of  the  circulation 112 

respiratory  efforts  after  excision  of 1(>6 

temperature  of  the  blootl  in  the  two  sides  of. .  5,  501) 

want  of  action  of  digitalis  upon,  after  section  of 

the  pneuinojrastrlcs 6M,  GCo 

effects  of  galvanization  of  the   pneuuio^'astrios 

upon t>4,  6.*iS 

development  of M2,  \)'M 

relative  sizt>  of.  in  the  fatu>  and  at  dilTcrcnt  peri- 
ods of  life pru 

enlar^eraent  of.  in  prtpnancy l)3y 

Heart -clots 20,  -JT 

Heat,  animal  (fee  Animal  heat ) 5<)6 

Heat,  power  of  resistance  of  the  l>od y  to 521 

Helix  of  the  ear 817 

Hemiopsla 7G9 

Ilomlplepla,  comparative  quantity  of  cholesterine  in 

the  blood  uj)on  the  two  sides  of  the  body  in  cases 

of 453 

Hemp-Sfed Is3 

Ilenle.  tubes  of 399 

Hepatic  artery,  intliience  of  li^iition  <»f.  upon  the  secre- 
tion of  bile 440 

Hepatic  cells 4iV> 

Hepatic  ducts 4-"i") 

Hepatic  plexus T.'W 

Ilepatlr  veins,  non-eoupulation  of  the  blood  of 30 

arrany:ement  of  {Mte  Liver) 434 

temiK-ratun-  of  the  blood  in 5,  509 

llennlitark-  transmission «94 

HemiaphnMlitism 930 

Hernia  at  the  umbilicus.  In  the  ftetus iK>4,  920 

<llaplirat:rnatic 921 

Hibernation,  consumption  of  oxygen  In 148 


Hibernation,  cholesterine  in  the  flBoea  In 896 

Hiccough 125,  1» 

Hippurlc  acid  and  its  compounds 417 

amount  of  daily  excretSoD  of 417 

Homer,  muscle  ot 811 

Horopter 801 

Hunger lH 

seat  of  the  sense  of. 171 

in  diabetes l«l 

after  section  of  both  pneumogastric  nerves. .  174,  Ml 

after   section   of  the   hypogloasal  and   Ungual 

nerves 174 

Hunted  animals,  coagulation  of  the  blood  in SI 

Hyaloid  membrane  of  the  vitreous  humor 789 

Hydatids  of  Morgagnl 880 

Hydro-carbons ISO 

relations  of;  to  nutrition M 

Hydrochlorate  of  ammonia 4IT 

Hydrochloric  add,  action  of,  upon  cane-sugar MS 

Hydrogen,  effects  of  confining  an  animal  in  a  mixture 

of  with  oxygen M 

Hygrometrlcity M* 

Hyoid  bone,  development  of 922,  M 

Hypermetropia T8I 

Hypnagogic  hallucinations TM 

Hypodermic  administration  of  remedies tl7 

Hypogastric  arteries !• 

closure  of OB 

Hypogastric  plexus 788,  TU 

Hypoglossal  nerve  («M  Sublingual  nerve). Ol 

Hypospadias ••• 

Hypoxanthine 40 

Icterus,  cholesterine  in  the  blood  in  grave  and  in  rim- 

ple  cases  of 457 

Idiots,  ceri'hrum  of TiW 

Ileo-cffl?cal  valve JS^ 

development  of WO 

Ileum 231 

Iliac  veins,  dev«'lopment  of J84 

Imbibition 821,  ©4 

lmj>erfonite  anus Wl 

Impotence,  apparent SW 

Inanition,  influence  of,  upon  the  exhalation  of  carbonic 

acid U^ 

influence  of  ape  upon  the  power  of  resistance  to.  1T2 

phenomena  attending 1T3 

duration  of  life  In 175 

Influence  of,  upon  dlpestlon 251 

quantity  of  lymph  In 820 

Influence  of,  upon  the  glyco|renlc  function  of  the 
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animal  heat  In 511 

Incisor  pn>cess.  In  the  development  of  the  fhce 92* 

Incisor  teeth VtO 

1  ncus «lf 

development  of 922 

InductMl  muscular  contraction 002 

Inel.istic  lil>rous  tissue Ml 

Infancy 9© 

secntion  of  milk  in JC< 

Inferior  laryngeal  nerves  {see  Pneumogastric) 6K 

Inflammation,  plienomeua  oC  studied  in  the  capilla- 
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after  section  of  the  fifth  nerve W* 

Infi-acostalis,  action  oi;  in  expiration !•** 
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Innominata  Tein,  deTelopment  of d84 

JnorgKoic  principles,  in  the  blood 21 

alimentary,  anion  oi;  with  organic  principles. . . .  1S4 

absorption  oi;  by  the  lacteals 814 

in  the  urine 421 

action  of,  in  nutrition 4SS 

table  of 4fed 

iDosates  in  the  urine 41S 

Inialivation 205 

entanglement  of  bubbles  of  air  in  the  alimentary 

mass  during 214 

Inspiration .122 

^—  table  of  muscles  of 128 

auxiliary  muscles  of 127 

Rlations  of;  to  expiration 188 

duration  of 188 

Inrala 7l>6 

Intelligence,  absence  of;  In  animala  deprived  of  the 

cerebrum 097 

Intercolumnar  fiiscia 880 

Intercostal  muscles 122, 125, 180 

action  of.  in  Inspiration 125 

action  of,  in  exjiiratJon 180 

IntennaxUlary  process,  in  the  development  of  the 

ttce 928 

Intervertebral  discs,  formation  of 914 

Intestinal  canal,  first  appearance  of 914 

Intestinal  digestion 257 

Intestinal  fistula,  hnn^rer  in  a  case  of 178 

case  ot;  in  the  human  subject 266 

Intestinal  l?asc^  orij^'in  of 2t»0 

Intestinal  juice 2(V5,  267 

action  of,  uiK>n  starch  and  albuminoids 267 

Intestinal  villi,  devclopmeni  of 920 

Intestine,  small,  physiological  anatomy  of 257 

length  of 257 

divisions  of 257 

peritoneal  coat  of 25^ 

mnscnUtr  coat  of 25-J 

valvuUe  connlvontes  of 250,  802 

mucous  mcmbninc  t>f 259 

TilMof 261,268,  802 

lacteals  in  the  villi  of 268 

patches  of  Peyer  of 268,  265,  267 

solitary  glands  of. 264,  265,  267 

movements  of 235,  2S6 

uses  of  the  cases  in 2S6,  299 

influence  of  the  circulation  upon  the  movements 


influence  of  the  nervous  system  upon  the  movo- 

ments  of 2S7,  665 

action  of  the  epithelium  of,  in  the  absorption  of 

flUs 81S 

distribution  of  the  pncumogastric  to 665 

influence  of  the  pneumogastric  ufMn 665 

development  of 920 

Intestine,  large,  physiological  anatomy  of 287 

peritoneal  coat  of 2S9 

muscular  coat  of 2^9 

mucous  coat  of 290 

follicles  of 290 

—  solitar}'  glands  of 291 

—  digestion  and  absoq>tion  in 291 

contents  of  («<•«  F«h.>s) 292 

movementa  of 296 

gases  of 293 

development  of 920 

Intestines,  influence  of  the  bile  upon  the  peristaltic 

movements  of 2S8,  2S6 
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Intestines,  influence  of  the  sympathetic  system  up* 

I      on 789,797 

I  Intoxication,  alcoholic 186 

'  Inullne 1S2 

I  Involuntary  muscular  tissue  and  movements...  527,528 

I  Invohition  of  the  uterus 948 

Iodine,  test  for  starch 181 

Iris,    influence     of     the    uiutor    oculi    communis 

upon 611,  79C 

reflex   action   of  the    tubcrcula   quadrigemina 

upon 722,797 

influence  of  the  sympathetic  nerves  upon 741 

anatomy  of 774 

ligamentum  irldls  pectlnatum 774 

layers  of 774 

arrangement  of  the  muscular  fibres  of 775 

blood-vessels  and  nerves  of 776 

movements  of 796 

direct  action  of  light  upon 796 

action  of  the  nervous  system  upon 796 

consensual  contraction  of 797 

influence*of  the  cillo-spinal  centre  upon 798 

variations  in  the  vascularity  of 798 

action  of,  in  accommodation 800 

movements  of,  in  converging  the  axes  of  vision. .  801 

voluntary  contraction  of 801 

development  of. 919 

Iron,  function  of,  in  the  organism 185 

in  milk 875 

Irradiation 806 

Irritability,  muscular 56, 59 

of  the  muscular  tissue  of  the  heart 58,  59 

action  of  sulpho- cyanide  of  potassium  upon 69 

distinction  between  nmtfcular  and  nervous. . .  .69,  586 

of  the  arteries 69 

of  the  veins 96 

of  muscles 585 

of  glands 686 

distinction  between  muscular  and  nervous 686 

of  nerves  (*^  Nervous  irritability) 694 

Island  of  Rell 706 

Jacobson,  nerve  of 672 

Jacob's  membrane 776 

Jaundice  {we  Icterus) 457 

Jaws,  physiological  anatomy  of 201 

articulations  of 202 

Jejunum 259« 

Jugular  veins,  development  of 984 

Kidneys,  effects  of  destruction  of  the  nerves  of..  W8, 40S» 

physiological  anatomy  of 896 

hilum  and  pelvis  of 896 

calices  of 896 

infundibula  of 896 

divisions  of  the  substance  of 896 

cortical  substance  of 896, 898 

columns  of  Bertln 896,  400 

pyramids  of  Malpigbi 896 

pyramids  of  Ferrein 896,  4010 

pyramidal  substance  of 896 

tul)OS  of  Bellini 896 

Malplghian  bodies 898,  899 

capsule  of  Mflller ^ .  899 

varieties  of  cells  in  the  Malplghian  bodies. 899 

convolute<l  tubes  of 899 

tubesofHenle 899 

intermediate,  or  communicating  tubes 899 

distribution  of  blood-vessels  in 400 
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Limitary  membrane  of  the  retina TTT 

Lingual  glands M 

Llnseed-oll 1« 

Lips,  action  of,  In  speech Ml 

development  of 19 

Liquids,  Influence  of  the  Ingestion  of,  upon  lactatioo..  ISV 

Liquids  (division  of  consonants) M 

Liquor  sanguinis  (see  Blood; < 

Littro,  glands  of 991 

Liver,  circulation  In  the  reins  of W 

formation  of  urea  In 415 

physlologlca]  anatomy  of tfl 

weight  of. IB 

capsule  of  Gllsson 4St  * 
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Interlobular  vesseb  of <• 

lobular  vessels  of. <• 
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LiTer,  prodnctkni  of  tngar  by 45»     Lymph,  influence  of  the  contractile  walls  of  the  vessels 

eTldences  of  the  glycogenic  ftinction  of. 45U  i      upon  the  movements  of 889 

examination  of  the  blood  of  the  portal  system  for         I  influence  of  pressure  from  surrounding   ports 

sugar 461  {      upon  the  movements  of £80 

examination  of  the  blood  of  the  hepatic  veins  for  influence  of  respiration  upon  the  movements  of  840 

sugar 462  '  Lymphatic  glands 806 

examination  of  the  blood  from  the  right  side  of         '  function  of. 81." 

the  heart  forsugar 46^  4C8     Lj-mphatic  trunk,  right 806 

does  the  liver  normally  contain  sugar  during  life  H  40i  I  Lymphatics,  not  found  iu  tUu  couts  of  the  blood-ves- 

jbrmation  of  sugar  in  the  liver  during  life,  which         |      sels 6T 

is  washed  oat  by  the  current  of  blood 4CC  1  discovery  of 80a 

chancters  of  the  sugar  produced  by 4«»C  |  anatomy  of 808 

mechanism  of  the  production  of  sugar  in 46T  .  injection  of. 808 

glycogenic  matter  of 467  '■ mode  of  origin  of 808 

ferment  produced  by,  which  is  capable  of  chang-         '  valves  of 808, 809, 840 

tng  glycogenic  matter  into  sugar 4C>  i  course  and  anastomoses  of 804 

variatioos  in  the  glycogenic  fhncUon  of. 40U  |  ports  provided  with 80A 

glycogenosis  in  the  ftetus 464>  !  structure  of SOS 

influence  of  digestion  upon  the  glycogenic  func-         I  question  of  oriflces  in  the  walls  of. 809, 818 

tSoo  of 469  ,  relations  of,  to  connective  tissue 810 

of  the  liver 489 

of  the  muscular  tissue 688 

Lymph-corpusoloa 18 


— ^  influence  of  different  kinds  of  food  upon  the  gly- 
cogenic function  of.  469 

tntlnenceofthe  nervous  sj'stem  upon  the  pro- 
duction of  sugar  by 470,  662 

influence  of  the  inhalation  of  oniesthetics  and  ir- 
ritating vapors  upon  the  production  of  sugar  by. . .  471 


Morula  ocustico. S48 

Macula  follicuU S70 


-^—  alleged  production  of  fat  by 472  .  Macula  luteo 776 

'—  changes  In  the  albuminoid  and  corpuscular  con-         '  Male  organs  of  frcnenition S79 

stitoents  of  the  blood  in 472  I  Male,  action  of.  in  coitus 888 

Influence  of  the  pneumogastrics  upon 662     erection  in W>9 

development  of U21      orgasm  in 8S9 

proportionate  weight  of;  at  different  periods  of 

Ufe 921 

flrst  chtsubtion  in oa;J 

Lochia, 948 

Locomotion,  passive  organs  of 548 

Locomotor  ataxia 679,  7.V) 

Longs,  capillary  circulation  in 8H,  110 

circulation  through 109 
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development  of 922 

•MaljjigbL  pyramids  of 896 

Molpigbian  bodies  of  the  kidney 898, 899 

orranf^ement  of  blood-vessels  in 400 

bodies  of  the  sjileen 474 

Mammary  secretion  («<  Milk) 864 

Mammary  (glands 866 

parenchyma  of 1 10  I  condition  of,  diuring  the  intervals  of  lactation —  866 

air-cells  of 120  I  structure  ot  during  lactatiou 866 

action  of  the  elasticity  of  the  parenchyma  of,  in  acini  of 866 

expiration - 129  !  Mandire,  raovenieiits  of. 729 
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vital  capacity  of. l«s  '.  Monnite 1S2 

diffusion  of  air  in l.'Js  !  Maranta  arumlinacia ISl 

lymphatics  of Hort      Marparlc  aold 1S*J 

abfknption  by  the  respiratory  surface 316  I  Margarine 1^3,  604 

development  of 922      Moriotte,  experiment  of 792 

LnnaUofthenail .Sh4  i  Marrow 646 

Lymph 82*>      Mastication 197 

mode  of  collecting J^-N     table  of  muscles  of 202 

—  quantity  of 829  |  action  of  the  muscles  which  depress  the  lower 

influence  of  digestion  upon  the  quantity  of. 329  '      jaw 208 

—  properties  and  composition  of »2'.)      action  of  the  muwles  which  elevate  the  lower 

color  of 829  I      jJ»w  and  move  It  laterally  and  on  ten)- posteriorly . . .  208 

specific  gravity  of JWi)      action  of  th<'  tongue,  lips,  and  cheeks  in 204 

coagubtion  of. 8:^0  '  action  of  the  orbicularis  oris  and  buccinator  in . .  206 

tables  of  composition  of B-ll   ,  fUnetlon  of  the  sensibility  of  the  teeth  to  hard 

presence  of  glucose  and  urea  In 8:Vi         and  soft  substances  In 206 

corpuscular  elements  of 3:V.>.  JW7  ;  influi'nce  oC  upon  the  flow  of  the  parotid  saliva. .  20T 

globulins  of «;«,  837      ner^•e  of 616 

origin  and  function  of 331  ; physiological  anatomy  of  the  ner>-e  of 615 

oomparison  of  constituents  oi;  with   those  of         j  pn>pertles  and  ftinctions  of  the  nerve  of. 617 

chyle 887  i  — —  influence  of  division  of  the  nerve  of,  upon  the 

dnmlatlon  of 33»^         teeth,  in  the  rabbit 617 

causes  of  the  movements  of 88S  !  Mastoid  cells S21 

influence  of  the  force  of  endosmosis  upon  the  i  Maternal  mind,  influence  of  upon  the  development  of 

movementaof. 889  |      the  fcetus 893,586 
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Pimrrfiiu,  pbysiol(^g1ciil  anatomy  of 268 

extirpation  of 274 

development  of 921 

PancreaUc  fistula 269 

Pancreatic  juice 268 

mode  of  secretion  of 271 

i;i'Mvn*l  |.r..t...r(ii>^  of 271 

reaction  and  specific  gravity  of 272 

composition  of 272 

quantity  of 272 

alterations  of 278 

action  oC  in  digestion 278 

action  of,  upon  fats 278 

action  ot,  upon  starchy  and  saccharine  prin- 

ciples 275 

action  oi;  upon  albuminoids 277 

Pancreatine 272 

I  LHiTi  Lecilas  adipiMii::^ 881 

r,,  i-i-i.i"5irM^.  29 

Parotid  saliva  («w  S?aliva) 206 

Parovarium. . ! 868,  928 

Firturitiun,  ftcparatlOD  of  tip  placenta  in 911,  942 

caui«  of  the  first  coQtr&cthmp  of  the  uterus  in...  942 

arrett  of  hjiMBorrliguGrtii  after 948 

alttfr  di'flUi.  946 

Par  vagum  nerve  {nee  Pneumogastric) 644 

Patheticus 618 

physiological  anatomy  of 618 

properties  and  functions  of 618 

PBTemeJjt Ht^jiitb^liuiii 850,  858 

Pectine 182 

Pectoralis  mi^or,  action  of  the  inferior  portion  oi^  In 

n.,,..L..ii         128 

PoctomUft  mlnof,  action  of,  in  respiration 128 

Pectose 182 

Penis,  erection  of 889 

dovelopmept  of 980 

Pepper 1^ 

Pepsin 287 

Peptic  gUmds 229 

Fr[.r..in\  albumen 245 

titrtiii  246 

c-Aseini!  246 

PeptftBcs  28,  246 

Peiieanllal  socretSon 852 

Pertcartlium         85 

di&vf^lupnient  of 984 

Fefilynipli  of  the  Uibyrinth 84fl 

Perimysium 681 

Perinerre M9 

Peristaltic  movements  of  the  small  intestine 286 

Influence  of  the  bile  upon 288,  286 

influence  of  the  nervous  system  upon 287 

Peritoneal  cavity,  first  appearance  of 914 

Peritoneal  secretion 862 
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F^rhriMBkrcHnli 107,U8,6«B 

Pinpintioa(«M8wMt) 991 

FrtUBkofcrt  ebunber  tur  ttiidjrliig  the  proeeaaes  of 

iMpintlon 142 

PeCtonkote'B  test  for  bUo 449 

F«j«r,i«teliwof. 888,887 

FlMqmfMl  giaiMlft 209 

PIUHjnigffftI  ptezos 188,748 

Pharpuc,  phjBlologlcal  anatomy  of 916 

moadaaof. 917 

nraooaa  mombraiia  of. 917 

Mliooortliemiuoleaoi;iDd«gliitltloii 990 

-^-Mttooo^inphoiiatloa 868 

— —  detalopment  of 991 

PboMtloii  (aaa  Voice) 654 

FlMMphateoriiiiie,ftiiictioooi;iiiallnieiitatioii 186 

tabtooTquantitleaof 485 

—~  general  ftmettoo  of 496 

origin  And  discharge  of 406 

PhMphate  of  magnesia. 497 

FlKMiibntaofpotaaBa. 497 

FlwapliBte  of  sodA 497 

inflnenoe  oC,  npon  the  oapaeity  of  the  blood  i»r 

abaorUngearbonle  add 180 

Pboaphatea,  eUminatlon  o(  in  the  mrine  (see  Urine)..  498 
^^—  proportion  o(^  in  tlie  blood  of  heibivom  and  car* 

nivon 498 

Flwsphariasd  ftta 6S4,6J6 

Plnenie  nerve 186 

Fhreoie  plems 788 

Fin  mater  oerebri 667 

- —  first  appeanmoe  of 916 

880 

444 

Pineal  gland * 485 

Pinna  of  the  car * 817 

Pitch  of  musical  Moundi 8*26 

Pituitary  body 4S5 

Pituitary  membmno 755 

Placenta,  glycoi^nic  fuoction  of 469 

first  appearance  of 906,  90S 

development  and  structure  of 908 

maternal  portion  of 'MH) 

injection  of,  from  the  Ainuses  of  the  uterus 909 

connection  of  the  maternal  and  foetal  portions 

of. 910 

structure  of,  fUlly  developed 910 

cotyledons,  or  lobes  of 910 

—  dissepiments  of , 910 

blood-vessels  of 911 

curling  arteries  of 91 1 

TiUlof 911 

separation  o.f,  in  "parturition 911,  942 

Placental  circulation 988 

Plasma  of  the  blood  («^6  Blood) 6 

coloring  matter  of 2JJ 

Plasmlne 22 

decomposition  of,  into  fibrin  and  mctalbumcn  in 

coagulation  of  the  blood 29 

Platysma  of  the  uterus S64 

Pleural  secretion 852 

i*leuro-i>eritoneal  ca\1ty.  first  appearance  of 914 

Plica  semlionarlR 812 

Pneumateofnodain  the  blood 21 

Pneumic  add 21 

action  oC  upon  the  alkaline  carbonates  and  bi- 

carbonates  in  the  Mood 168,160 

Pneumotrastrlc  nerves,  influence  ol^  upon  the  action 

of  the  heart 63,80 


PneomogHtrie  MTTMit  I 
inllnanee  o^  i 

Inteattnel i 

phyakilogleaiaBateaqrcf ( 

>— deep  origin  of ( 

gangllnof. I 

anastomoaea  of. I 

distribntkin  of ( 

differenee  in  the  diatribntioB  of  the  nervea  of 

thetwoak!ea,totheabdoiniBalfligH» i 

piopertiea  end  ftinetloBa  of ....•  i 

general  propertlea  of  the  motaoC i 

propertlea  end  ftinctlona  of  the  MrfeidarbtaMfc 

of i 

—  propertleaend  ftmctkaiaof  tfaeaaperiorlaijugeal 

branch  of. I 

inflnenoe  of  the  aopeslor  laryngeal  bnaeh  e^ 


inflnenoe  of  the  aaperte  hByageal 

upon  degiutltfoo. 

inflnenoe  of  the  aoperte  laiyugeal 

npoD  re^lratkxi. 

propertlaaaiidftiDetloaaofthalniHlor,ori«CQ^ 

rent  laryngeal  braadi  oC 

—  inflnenoe  of  the  iaflBrlor  kryngeal  braneh  o(  Ipsa 

themovementaofthekrynx. 11^ 

tnfloeBeeoftheinflbrtorlaiTBgealbrBBoboCiVsa 

reapiration 

inflnenoe  of  the  inlBcior  laryngeal  farBBchoCiVsa 

deghititlon 

efllBet8ofaeetloBoi;npoBtheeiroalatloa 

— —  eflRwta  of  aeetlon  o^  upotk  the  reapliatory  Bote* 


want  of  aotkm  of  digitaHa  npon  the  heart  aAir 

section  of CM.  NV 

effects  of  galvanization  oC  upon  the  drmla- 

tion m,^ 

direct  influence  of.  upon  the  heart 654.  «Sp' 

condition  of  the  lungs  after  death  fbUoving  sec- 
tion of 90 

effects  of  ^Ivanizatlon  ot  npon  respiratloD tfl 

properties  and   f\mctlons  of  the  cnopbagesl 

branches  of •■ 

effiects  of  division  oC  upon  the  (rsophafrns. .  9Sfi,  Ml 

properties   and  functions  of   the   abdominal 

branchee  of HI 

Influence  ot  upon  the  Hver 471.  Ml 

influence  ot  upon  the  stomach 98(2,  Ml 

effects  of  fralvanlzatlon  of,  npon  the  stomach Ml 

effects  of  section  ot  upon  the  movements  of  the 

stomach  and  the  secretion  of  gastric  |uK'y 252.  Ml 

distribution  ot  to  the  Intestinal  canal Ml 

want  of  action  of  purgatives,  after  section  of . . . .  80 

Polar  f^lobule  of  the  vitellus MX 

Pons  Varolii  and  medulla  oblonnrata.  weifrfat  of Ml 

Pons  Varolii  (m«  Tuber  annulare) 70 

development  of 91  »1 91^ 

Portal  system  of  the  kidney 411 

Portal  vein,  distribution  of  (see  Liver> 4M 

influence  of  obliteration  ot  upon  the  secn>tioa 

of  bile 4# 

temperature  of  the  blood  In. * 

Portio  dura  of  the  seventh  cranial  nerve  (see  Flsdal 

nerve) M" 

Prefmancy,  Influence  ot  npon  lactation 811,1*1 

influence  ot  npon  menstmation ^ 

influence  ot  npon  the  corpoa  hiteom ^ 

Fallopian. 9IIHI 

abdominal »!;»• 
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Tngimnej,t  Influenoe  o(  opon  sabsoqaent  ofisprlQi:. . .  894 
enUrgeroeat  of  the  utenu  in 988 

—  enlarsvmeDt  of  the  heart  io 989 

daraLi«in  of 98'J 

miUtiple 941 

extn-uterine 942 

fteheiision  of  solids  and  liquids 197 

Prepuce,  amegma  of ^Oi 

Preabf opfa. 7.s9 

Primitire  trace  of  the  embryon 899,  90J 

Priama,  action  of;  upon  light 786 

J*rofreaBlTe  moscalar  atrophy 742 

Pktwtate 888 

Proatatic  fluid,  uaea  of 888 

Plrotagon. 29,  684,  5js5 

PMtoplasin 52*2 

Plrozimate  principles 20 

Ptoais  (am  Blcphoroptosis) 611,  812 

Plyaline 211 

action  oi;  upon  starch 214 

Puberty,  influence  oi;  upon  the  exhalation  of  carbonic 

acid  in  the  female 148 

^ period  of 874,  945 

Pulmonary  artery,  pressure  of  blood  in lOD 

development  of '  932,  933 

Pnknonary  circulation 109 

PafaEumary  mucus 856 

Pttfanooic  semilunar  valves S'-i,  48 

safety-valve  ftincUon  of. 48, 109 

Pulp-cavity  of  the  teeth 199 

Pulse,  frequency  oi^  at  different  ages 62 

in  the  sexes 62 

influence  of  digestion  upon  the  frequency  of 52 

influence  of  muscular  exertion  upon  the  fre- 
quency of 52,  53 

etmiparative  frequency  of.  in  sitting  and  standing    52 

influence  of  temperature  upon  the  frequency  of.    53 

influence  of  sleep  upon  the  frequency  of 53 

production  of,  and  locomotion  of  the  arteries —    70 

investigation  of;  by  the  finger 71 

gradual  delay  of,  receding  firom  the  heart 71 

—  patly>logical  varieties  of 71,  74 

—  form  of. 71 

>— movements  oC  in  the  foot  when  the  legs  are 

CToased 71 

traces  of 72,  73 

influence  of  temperature  upon  the  form  of. . . .  73,  74 

dicpotismof 73,  74 

in  the  veins 99, 106 

relation  of  the  flnequency  ot  to  the  respiratory  acts  132 

influence  of  menstruation  upon 876 

PoDctum  cscnm  of  the  retina 792 

PupiL 774,919 

Papillary  membrane 775,  919 

PoigBtlvea,  want  of  action  of,  after  section  of  the 

pneamogastrlcs 

Ptarkinje,  vesicle  of. 

Put-COTpuscles 

Pntreftction  of  the  body  after  death 

Pylorio  muscle 
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Rape-aeed  oil . 
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Beeeptaculum  chyll 802,807  ; 

Rectum,  muscular  coat  of 290 

phjralologfcal  anatomy  of 291  | 

development  of MO  I 
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Recurrent  laryngeal  nerves  (<e«  Pneumogastric) 652 

Recurrent  sensibility 600 

Keflex  action  in  respiration 166,  660,  727 

Keflex  action,  time  occupied  by 699 

definition  of 688 

of  the  spinal  cord 634 

conditions  necessary  to  the  manifestations  of. . .  686 

exaggeration  of,  by  poisoning  with  opium  or 

strychnine 686 

abolition  ot,  by  anesthetics 687 

examples  of. 68T 

operating  through  the  sympathetic  system 740 

In  the  foetus 919 

RefhMJtion  («e«  Light  and  Eye) 787,  798 

Rell,  island  of. 705 

Relssner,  membrane  of 844 

Remak,  fibres  of. 668,  785 

Renal  veins,  color  of  the  blood  in 6 

non -coagulation  of  the  blood  of 80 

Reproduction  {see  Generation) 862 

Reserve  air. 186 

Residual  air 186 

Resonators  of  Helmholtx 881 

Respiration,  relations  of  the  blood -corpuscles  to 18 

Influence  of;  upon  the  action  of  the  heart 64, 110 

voluntary  arrest  of,  with  arrest  of  the  action  of 

the  heart 66 

Influence  oi^  upon  the  arterial  pressure 78 

relations  of,  to  the  capillary  circulation 89 

relations  of^  to  the  venous  circulation 106 

general  considerations  and  definition  of 114 

function  of  the  blood  In 116 

essential  conditions  in 116 

physiolc^cal  anatomy  of  the  organs  of 116 

movements  of. 181 

ribs,  arrangement  of. 122 

table  of  nmscles  of,  used  In  inspiration 128 

auxiliary  muscles  oi^  used  In  inspiration 127 

table  of  muscles  of,  used  In  expiration 180 

action  of  the  abdominal  muscles  In 181 

types  of 181 

differences  in  types  o^  in  the  sexes  and  at  differ- 
ent ages 182 

frequency  of  the  movements  of 182 

relations  of  the  ft^uency  of  the  movements  of,  to 

the  pulse 182 

Influence  of  ago  upon  the  firequency  of  the  move- 
ments of 182 

relations  of  Inspiration  and  expiration  to  each 

other 188 

arrest  of.  In  straining,  etc 188 

stethoscoplc  sounds  of. 188 

extreme  breathing  capacity 187 

relations  in  the  volume  of  the  expired  to  the 

Inspired  air 188 

diffusion  of  gases  In 189 

of  pure  oxygen 141 

consumption  of  oxygen 141 

variations  In  the  consumption  of  oxygen  with 

muscular  activity,  external  temperature,  and  diges- 
tion  142 

variations  In  the  con.sumptlon  of  oxygen,  sleeping 

and  waking 148 

variations  In  the  consumption  of  oxygen  with 

age 148 

variations  in  the  consumption  of  oxygen  in  lean 

and  f^t  animals 143 

relations  of  the  consumption  of  oxygen  to  the 

production  of  carbonic  acid 148, 168 
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RMplrnlloti,  effc^etft  upon  the  «>n*unii»tioii  of  «tyigrm 
i>f  increasing  iti  proportion  In  the  atr 143 

- — -  cttevts  ijp«m  LUe  coDftumptkJH  of  ojcygoo  of  ctrn- 
dniji^C  '*a  anUiml  Id  a  mtxturc  of  oicygcji  Aud  by- 
ftmgeti..  -.. ■  "  — .....-- 143 

quimtUy  of  oxyphil  confiuujo-d  iK-r  hoiiriu.    . . . .  144 

' —  eluzigtrfi  tn  tbu  air  tJi  iMutfln^  thn>ugh  tti»  lungt  144 

—  eitrvAtJuti  in  tcmper&tujio  In  iho  air  Ln  piuLng 
Uiroufirti  Uio  luiiiig* ----- * 144 

.  ejchiibitiau  of  cairtionic  ackl  \a 144 

^^»  vuHaUuh^  tn  tt^  exhabtloa  of  carbculu  add  wltii 

th«i  ftcquuncyttDd  extent  of  rUe*cts  of,.. 145 

4jiuintlty  of  Gurbonlc  »cld  «liftk>d  per  howr  la., .  14« 

|ji0Ti«iico  of  9liMSp  upon  tbc  ejcbalatioD  of  cn- 

bookiwld  In , ..---  14«,  IM 

tufliitiniNi  of  Agu  upon  the  exUakUoii  of  cjirbocdc 

odd  Id - 14t 

— -  iiilhi«Di!ti  of  Hex  iipon  Uae  esiiAktloii  of  cm-bonlc 

field  In,.- *.......,... 147 

— -  Intlucnc^  of  diifiMtiOD  upon  the  exbaiitloa  of  ear* 

boDic  arid  In.. ,,,... .,,..,....  148 

— —  tnfluonoo  of  loAoltion  upon  tb«>  eidialAtioti  of  car- 

boQtcacidin 14S 

loflacuice  of  dlut  upon  tbu  eJtbalAtloti  of  cartK)tiic 

mM  tu 14a 

iDifluence  of  aleohoUc  l>everairt^Ji*  tea,  and  citfTeo 

upon  the  eJchflLitioD  ofcjirbonlc  atld  In, ,  149 

LnBu«nco  of  tea,  RufFPtv  and  tobacoo  upon  thtt  tat- 

baktioD  of  c;trbonlc  acid  In 149 

influence  of  m«riital  depression  ntioQ  th«  eKbala- 

tlon  of  carbonic  acid  In **.*,,,,.  100 

^—  Influence  of  exorciflc  ni>on  tha  AithaladoQ  of  ear- 

bonlc  add  in ...,,... »... ..,,   150 

iafluttnoe  of  moisture  and  temperatttre  upon  tlio 

■ixlialfttloD  of  carbonic  acid  In 1S1 

Influence  of  §eason  u|}on  the  exlialatJon  of  car^ 

boDic  acid  in —  ....  151 

betwi^vn  the  (^uanttiy  of  oxy^^n  con- 
1  uid  the  quantity  of  car>K>n{c  ncld  exhaled . . .  103 

I  of  tho  carbonic  arid  exhaled  In. 1G9 

Won  of  watery  vapor  Ln : ]Q9 

Ion  of  anunaala,  organic  txutter,  etc^  in. ,  IM 

on  of  nitrogen  to ,.,.......,.,...  164 

I  in  the  blood  In ISO 

— ^meeiuuiiam  of  tbe  Intunrhaofo  «f  giMS  lietwMii 

tho  blood  and  th<?nlr  In. l$l 

— ^  KlAtiooa  oi;  to  untrttion ,„ l$l 

—  MMOttAl  flMOdtMa of. 108 

rot.. 108 

I« 

--^— lBAeoitflii«dsp«e* ,,. 170 

t«tatloo»  ot  to  deglutitloa ,  ► 990 

connotation  of  tbe  mcKluUa  oblooi^ta  with. . ,  ♦  ^ , .  TStO 

" Intlaeucc  af^  up'ifn  the  circulation  of  lymph ,  840 

reiaUona  of,  to  anltnut  heat ..,,._ ...,..,.  518 

iitfliieDco  of  tbo  superior  laryn^oal  bnncta«a  of 

rica  upon. 099 

I  of  the  inferior  laryngeal  branchoi  of 

tlw  fOMiiinogiatriea  upon ......,,,,.  086 

cITecta  of  aectlon  of  the  pBoomogaatrioa  upon  OSS,  060 

effecta  of  ^^vaoiiatioii  of  the  piiouinogastrlcio 

upon ,  Wl 

- —  moTvnienta  of  the  brain  with 0«S 

RcwphiUory  effopta  befere  Wrth. lOT,  «>1« 

Reapiratory  cxeltaota * 140 

Beaplratory  movflmcnta,  redes  character  oi;  tad  o^aso 

of theM  moTementa .,,  IIM^  000^  ItT 

EeaplimloTy  monenieDti  of  the  i^lottb « , , . .  058 

B«i^4ntoi7  ooD-ozdtera , , 140 


Roaplimfeorj  hsm. 

Baadibrm  bodkoa. . 
ReaalUntloaea.*.. 

BetetwtUi 

R«Uoa 


— -  orn  »emila  of. ,..,. «...«*\«. 

macula  Intcaof..,.. •••......,,,..   ,  ^^^) 

fovea  ecntralla  of. -  TW^I 

—  layers  ot . 

layer  of  rods  and  cooee  of, .,.._...,  n%i| 

— -  ojctornal  m'nnalo-layer  oC  ..,........,.* . 

—  Infcer-gmnule  layer  ieone-flbre  pICJCQ*)  of. 

-~^  inU'ruol  granukr  hkyer  of. *. 

' — ^ granular  (mokMJular)lay«rot. ... 

— .  layer  of  gaofrlloxi-cieUa  <rf 

ezpuutonoftheoErUecienrala 

~—  limitary  meoibraDe  of. > 

——  ooni>eetlT«  tiaauc  of , 

coniiectioiD  betwc«n  the  roda  and  etoirf  and  til* 

ganglloo*oeUa  of 

bbod-veaaeb»  of. ,.,.. 

aenaibiUty  of  the  layer  of  roda  aDd  <H4Ur>  of. 

ahadowA  of  tbe  veaaela  of 

r»bitlTe  AooalbUlty  of  dUbreni  pttrtt  of  .... . 

^  correspobdlnt  pointo  La 801,  Hi^ 

Kotraetoraof  ibeaotia 

Retraheju  auivm •••«. 

Rtlpht-hflDdediieaa  ^aee  D«uctr«l  pre^mlDecwc) 

Blgor  mortis  ^*ea  Cadaverlo  ligldlty). , 

Rima  srbttldl J - 

Rwla  of  the  wtln* Hl^^ 

RolUflj?  moTementa  fuUofrlnfi'  li^ary  of  ooitaln  jpaoitft 

ut  tbe cooephaJoo,  etc., .-->. 

Roscnmiyier,  organ  of * *...«.  SML 

BuloC  t>Taln  of..» 

Bumlnation ......... 

Buaslan  bntlia ....... 

Rut,  Identity  oC  with 
Royacfa,  tnolo  of. ... . 
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8acetik>!  of  tbo  Internal  ear 

dliitribtitlon  of  tJie  nervea  tn ... ... 

8Mn*o-lamballa,  artlon  of,  In  ejcplmtiaa. . 

Baeram,  eonaolldatlon  of 

8«»o., 


Sallra... .......,.„ 

Sallra,  parotid 

—  aecretlon  <»f. ,..., 

— >^  artion  of,  upon  atareh ...,,..... 

-•^ rektloos  of  the  flow  ol^  to  maatleatloa. ....  Wl^l 
^— Akematton  In  the  aeeretloD  vt,  upoo  tlie  Hm 

Alde« 

t^iUva^mbmuUlory.... 1 

^'^  IniSoaBoe  of  Mi{tld  aabataocea  apon  the  etue 

tkmof... I 

Salfm,  snMfo^UBl I 

Inflaeaoe  of  sapid  inbatancra  ttpoB  ibo  aaa tttal 

of ,\ 

gahTA.  rtnlda  tmm  the  sraaUsr  gland*  of  t^  memth^ 

tontrne^  and  pharynx.. —...... I 

8«1lira.  mixed.....  ,..,.. , 1 
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quantity  of .-......,  1 

reaction  of . , 1 

—  quantity  of,  iceretcd  durlrur  the  Intrmili  nf  n 
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SaUva,  mixed,  general  properties  and  composition  of  210 

specific  gravity  of. 210 

Bolpho-cyaoide  in 211 

table  of  the  composition  of 211 

organic  principle  of. 211 

ftmctions  of 212 

action  oC  upon  starch 212 

inflaence  ot^  apun  doglutition 214 

mechanical  functions  of. 214 

SaUvary  fistula 206 

Salivary  glands 205 

Saponification 184 

Swoode 622 

SaroolacUtet 4 1 S 

Saroolemma &80 

Savors 759 

Scala  tympani  of  the  cochlea 844 

Scala  vestibuli  of  the  cochlea 814 

Scalene  muscles,  action  of,  in  respiration 125 

Scarf-skin  («ee  Skin) 881 

Scarpa,  humor  of &(6 

Sehlemm,  canal  of 775 

Schoeiderian  mucous  membrane 755 

Schwann,  sheath  of 506 

white  substance  of 666 

Sclerotic  coat  of  the  eye 770 

development  of 919 

Scrotum 880 

development  of 980 

Scurvy 198 

Seaaoa,  influence  of,  upon  the  exhalation  of  carbonic 

add 151 

'—  Inflaence  ot  upon  the  diet 172, 198 

influence  ol^  upon  the  urine 427 

Sebaceous  glands 858 

—  flrst  appearance  of 916 

Sebaceous  matter. 858,  861 

of  the  nipple 8G2 

Secreted  fluids,  tabular  view  of 850 

Secreting  organs,  general  structure  of. 84S 

Secretion,  general  considerations 841 

mechanism  of 812 

classification  of  the  products  of 842 

distinction  of,  from  excretion 842 

mechanism  of,  aa  distinguished  (h>m  excretion..  848 

action  of  glandular  epithelium  In 848 

— —  intermlttency  oC  as  distinguished  from  excretion  844 
influence  of  the  composition  and  pressure  of  the 

blood  upon 346 

influence  of  the  nervous  system  upon 847,  788 

centres  presiding  over 847 

influence  of  the  sympathetic  system  upon 789 

Segmentation  of  the  vitellus 896 

Semen 6s8 

quantity  of SS4 

——'  general  characters  of 8S4 

-^-  chemical  constitution  of 884 

muoons  secretions  mixed  with 884 

in  advanced  a«re 8>6 

eJacaUitlon  of 889 

— —  penetration  of.  Into  the  uterus 691 

passage  oC  through  the  Fallopian  tubes 892 

time  occupied  by  passaj^e  of,  to  the  ovaries 892 

Semicirealar  canals,  bony 822 

Semidrcular  canals,  membranous 848 

ampaile  of 848 

distribution  of  the  nerves  in. 846 

septum  transversum  of. 846 

functions  of 849 
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Semicircular  canals,  influence  of,  upon  equilibration. .  849 

disease  of  (M^ni^re's  disease) 718,  849 

development  of 919 

demilunxur  ganglia 788 

Semilunar  valves,  pulmonic 88,  48 

pulmonic  safety-valve  ftuiction  ot 48, 109 

aortic 89,  48 

Seminal  vesicles 882 

Seminiferous  tubes 880,  886 

Semivowels 562 

Sensation  in  amputated  members,  etc 608 

Sensory  nerves,  action  of 592 

disappearance  of  the  physiological  properties  of  696 

effects  of  anesthetics  upon 606 

Septum  lucldum,  development  of. 918 

Serine 28 

Serollne 295 

Serotlna,  cells  of 91 1 

Serous  cavities,  absorption  from 817 

Serous  fluids 851 

Serous  membranes 860 

Serratus  magnus,  action  o^  in  respiration 123 

Serratus  posticus  superior,  action  of;  in  respiration...  12T 

Serum  of  the  blood  (««  Blood) 24 

Seventh  cranial  nerve,  portio  dura  of  (««e  Facial  nerve)  618 

portio  mollis  of  (sm  Auditoiy  nerves) 815 

Sex,  influence  oC  upon  the  pulse 62 

influence  of^  upon  the  exhalation  of  carbonic 

acid 147,  160 

influence  oC  upon  the  urine 426 

determination  of,  in  the  foetus 898 

Sexual  intercourse  {«ee  Coitus) 687 

Shells  of  cocoa 190 

Sighing 184,  167 

Sinus  termlnalls  of  the  area  vasculosa 981 

Sinuses  of  Valsalva 89,  64 

Sixth  cranial  nerve  (see  Motor  oculi  extemus) 614 

Skeleton,  ossification  of. 916 

Skin,  respiration  by 168 

eff'ects  of  an  impermeable  coating  applied  to  168,  891 

distribution  of  lymphatics  in < 806 

absorption  by 814 

physiolofjlcal  anatomy  of. 880 

extent  and  thickness  of 880 

layers  of. 881 

layer  of  coriura 881 

reticulated  layer  of 881 

papillary  layer  of. 881 

epidermis 88S 

rete  mucosum,  or  Malpighian  layer  of 882 

of  the  negro '. 882 

homy  layer  of. 882 

general  uses  of 891 

amount  of  exhalation  from 898 

development  of 916 

action  of,  iu  the  equalization  of  the  animal  heat. .  621 

Skull,  development  of 916 

Sleep,  influence  oi^  upon  the  pulse 68 

Influence  ot  upon  the  consumption  of  oxygen...  148 

influence  oi;  upon  the  exhalation  of  carbonic  add  146 

influence  of,  upon  digestion 251 

phenomena  of. 748 

condition  of  the  brain  and  nervous  system  in. . . .  746 

produced  by  pressure  on  the  carotids 747 

theories  of. 747,749 

conditions  of  various  Amotions  in 749 

Smegma  of  the  prepuce  and  of  the  labia  minora 862 

8meU(«e  Olfaction) 768 

Sneering. 184 
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ScJu plffxua. .,.,.,..,.  TW 

Sottlary  ipl«ii(lA  of  ttic  iuteallM .«  i^  ^i)T,  ^1 

StoiiDeriQ^, yeliuw  »|iut  uf. ■«». — Htf 

Soprano **»*•.*.-*•*-*..-. --  fiM 

ttoottd,  phyflicA  of. «..««■-.>*••*■•»•»••"• •  ^^ 

laws  of  vU>ratiaaAOC.«^*..«-.-^>«- -•-..••'-•-.  ^^ 

^propftgmtioa  of,. ....*.. .a. * ^ft 

reflection  of. .......•«.  —  -.--* --..  SSft 

reftactlon  of.. ........ ...*•#>•». * ^^ 

shidowk  <*£........,...,**••**-••*••-•-••♦•••  ^^ 

--^rapldJty  of  tnnsmlsitioiior.*.. ^^ 

noljiy  aod  moilaU..... «.*•<.■••.*........  dM 

—  pitch  of... *. . , .....,*..,....-  AM 

nmgvu^  111  inufllc.... ** AM 

- —  uiii»lcal  icsleof^. ..*..  8iT 

Quality  ot flW 

^^i-  barmontcs, or  ov«rtotiM. , ir.....  SW 

reaultajit  to»ei..., ffil 

ftummatloa  booMi...... .•..  8fti 

~* —  bartnony...,**.., 8tt 

dbofdA......**..* •.....«.. 8M 

dlfcords , 6BS 


'— '  ttmiA  by  indueoee  (fiODftuiuuioe).. 884,  987 

.  fimtiuU  of  the  heart.... 48 

gouiM,d]«o«Ubmtyof. Sftt 

dpwav  KftiidAl 090 

Sp«eeli«  aseoliAiatfiD  i>r. MO 

lotSon  oftlw  moaUi,  tcvth,  tlp«v  tongue,  aimI  P«I- 

ale  lo ...Ma 

nitidlficstiaiii  oA  la  ca««»  ol  d«ft  pAlile  or  b«ro> 
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SiwrmailG  celli ...» •  •  < 

fifierautlic  cord....... 

Spomuitlue.p.... 

SpennataGoldJi.  ....,*..,«*««....# .. 

lUsooTory  of..... •«,,....•.*•. 

moTomentsot... ...... ....... 

iat4>nnedbite  Mgnicat  of. 

-.—  actloQ  of  water.  reagenU,  eold« 

dc  vdopraent  of 

' In  adTaocuU  mgQ, , , , , . » ,  ^ . . . , 

dorMion  of  llw  vitality  of;  la  iJio  AjomIo 

tlvaptuigw 

^-^  IMMtrntloii  oi;  (hfotigli  11m»  TitelUne  membnute. 

Sphaoio*palaUoegAOglko....«.....»,t........ 

SpboHeftl  atMrnliAii. 

^"-  ~^ph ., 

^  ' iio  bbultlcr^ 

^.  '  tho  OAoa.. ......... 

%ikn»...., 

Uptn*  Mfld*. 
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881 
1^ 

886 

885 
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iLitomy  of.  ........ 

^ujM.,  u.L.uj.,  or  coauncLnloAtiiiip 

tl&o  prntuDiognjitrlc 

propvnl^i  aod  ftiDctk>nft  of. .... . ........... 

—  IboctioQs  of  tbu  totemiU  bouidi  of. 

- —  axtlrpatlon  ot  In  Eving  aDlmili , 

— "  In&avnce  of,  upoo  phonatloD 

loduunc«  of;  iipoD  deglatltloii. 

iuiluviicia  of;  tipcn  tbe  heart.. . .........  681,  ttO^ 

fUoctiooa  of  tJu!  external,  or  niuMullar  bnaeb 

of,  going  to  tbo  itenMH*leido  mnitold  «ii4 
mtucUw .,.,....«+* 

Spinal  eotiimii,  doroto]iiiMiit  of.  . . . .  ^ . . .t..^ 

Iwistiiif  of, In  tJieembrj-oQ... 
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Spinal  «ol]imB,  tcxnponry  omdal  apfkendair*  ol ftt 

fiptnal  cord,  arrect  of  lite  action  of  tb0  Iwarl  by  aod- 

den  dMSmetioB  of ....'. M 

_  lympbiitics  of „,-. .«,...  881 

regeuemtloaof...... ,,.....  8il 

DcurUetuma  of , , , , ..  itfl 

ph)^jolijg^iail  axuiioray  ot ....  8* 

fUum  loirminalo  «»f. MP 

jfnpohkom  of  wblto  to  gimy  aobatnnee  la  diBm- 

antportkMiaoll........ 181 

— -dtractluaol  Uk)  fibni>  la m 

" —  ooanoctkMot oC  with  tb«  roota  of  CIm nwaa.. .. .  CM 

—  gunenl  properCUti  of .».«  818 

-^excitable  and Moalbieportlonaot...  ..,,•«•«..  8M 

traaamlattiott  of  motor  fymolDa  tn *.....  ttl 

directum  of  motor  eoodlieton  In. fit 

deenaaatlon  of  the  motor  condnetom  oif. CM 

^  tnnsmlaalon  of  laaiory  BnpnMlooa  In 87t 

>—  the  poaierior  vhit«  wtlnmna  e^  do  not  aervn  aa 

ooodoetota  of  aenaory  fanprwaifona €71 

condoetlon  of  aanaory  ImpireRaiutta  1^  Ika  fi^ 

tabstance  of. <tl 

ftioctian  of;  in  coanoofcton  %rith  miucularoo8f4l« 

nation 911,711 

— ^  decitasailoo  of  the  aeoaoir  oondiactora  o£ ttv 

bypenratbMia  da«  to  b^uiy  of  portloea at. . .. ..  8M 

aiiiiimary  of  the  action  of,  a«  a  oonduelor. ......  8M 

aottonod;  afta  nerre-oeotnL .,  M 

• reflex  action  of  («M  Reflex  action » 8M 

dlapertion,  or  dlffkialoii  of  ItuprcMtutit  in  .......  M 

drrelopmaot  ot HI 

gplna]  Derroa,  diatlnctlon  betwocn  motor  and  laaasi^ 

«wt8  of m 

^^-^  properties  of  the  poitvrior  roota  of .............  fli 

«^—  properties  of  the  anb-rtur  root*  of. «,  08 

dlatrlbotlon  of. ..,.,. ..  888 

oonnectlona  oC  wllb  tba  aplnal  cord. 


8|klaMi,nlaUo(naQt  to  tli«  blood Hsofpnacl«»..... 

^—proportion  of  ieuooeytra  In  the  blood  of  tba ««!» 

Ot... ., 

—  pbyalolofrlcol  Auutomy  of •••.  <il8 

dbroua  atmctuntof  (tmbeeukoK...... 411 

J^plffbian  bodlua  of m 

apleen.jralp......... m 

^—  blood-corpnade^conealnlng  oalla  ot. 

— -  btood-TNaela  ju>d  narrat  of. , . . .  ISI 

OQBtrartnity  of , ,  - , 

dkMBleal  oonttliotlon  of 

of. 

In  the  constllutlon  of  the  bUiod  bf IIT 

In  thoYttlumoof.. .,.,..  <R 

^  OctkrpatlCRi  ot *»..,.».  181 

|pii|>ffflff>  of  axtlifMlioD  ot  npon  tlie  appetila  sad 

dUpoaltlon 
-^  dov«:lopmem  of. 
Bplanlo  iilaxua. 
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Starch  . 

lodlne-teat  for.. 

pro{»rt)on  ot  In  dlfl'ercnt  i 

— *  action  of  the  ponTtld  iallva  i^nqi.. 

I^enenl  actloD  of  the  ftoJIra  npoa, . 

*—  ardoQ  «f  the  trufttrie  JnlM  upon,  hf  hjdniil— _     \ 

action  of  the  to  teitlnal  laka  upon  . 

aetion  of  the  pancreatic  Jntoe  opon . 
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9tamtioo  (tac  Inanition) 14a,  175 

Mctrioadd. 188 

....". 1«J,604 

k, doctor W6 

attreorine. 294 

—  fomunioo  ol^  from  cbole^terine 29ft 

—  tntlieflBoes 466 

Bteeo«»pe 60ft 

ittno-martoideus,  action  ot,  in  respiration 127 


f        — « 


9t  Martin,  case  of 232  | 

Moach,  physiological  anatomy  of 226  ' 

—  eapidtyor. 226  | 

—  [Mritoneal  coat  ot 226 

—  inoacolar  coat  of 226  I 

—  blood-veaaola  of 228 

— moooos  coat  ot 22?i 

—  pits  of 228 

—  gkndalar  apparatus  of. 229 

—  futric,  or  peptic  glands 229 

—  mucous  glanda  of 2:29 

—  closed  foUid^s  of 2-29 

—  lecretion  of  (»M  Gastric  Juice) 280 

—  diSDges  in  the  appearance  of  the  mucous 
nembraoe  ot,  during  the  secretion  of  ^aatric 
Joke 284 

— secretion  in  dilferent  parts  of 28ft 

—  infiuions  of  the  mucous  membrane  of 23ft 

—  durstion  of  digestion  in 249 

—  dli^tibUity  of  different  aliments  in 249 

—  inflaence  of  the  pneumogastrics  upon 262,  668 

—  Inflaoice  of  the  nervous  system  ujion 262 

— morements  of. 263 

—  dirision  oU  into  two  comportments,  by  contrac- 
tirai  of  circular  fibres  during  digestion 264 

— ^regurgitation  of  food  from 265 

io£ 298 

—  ibsorptlon  by *  )1 

■ — development  of 920 

Btomsta  in  the  walls  of  the  capillaries 82 

Stnbismns,  external 611 

—  internal 616 

Striated  muscular  fibres 629 

Staycbnine,  exaggeration  of  the  reflex  excitability  of 

the  spinal  cord  by 686 

fltyMd  ligament,  development  of 922 

Subareolar  muscle 866 

Snbdavian  arteries,  development  of 988 

Sabdavian  veins,  development  of 984 

SabOngual  nerves,  effects  of  section  of;  upon  dcglu- 

tttkm. 219 

effecto  of  section  o^  upon  mastication  204 

physiological  anatomy  of 6:)2 

properties  and  ftinctions  of 688 

—  inflaence  ot,  upon  the  tongue  and  upon  degluti- 
tion  ; 6W 

tabUngnal  saUva  (Me  Saliva).' 208 

SdbmaxUlary  ganglion 781 

BobmazUlary  glands,  variations  in  the  color  of  the 
Uood  In 6,  844,  847 

—  tnflnence  of  the  chorda  tympani  upon 628 

Snbmaxillary  saUva  (tee  Saliva) 20$ 

Socking,  mechanism  of 197 

action  of  the  tongue  in 204 


Sndorle  add  and  sudocatcs. 
Sndorlparona  glands  («m  Sweat) . 

first  appearance  of. 

Snflbcatlwi,  sense  of. 

Sugar  tn  the  blood 

Sugar,  chaneters  of 
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916 
166 
22 
130 
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Sugar,  action  of  the  gastric  juice  upon 24S 

not  acted  upon  by  the  intestinal  juice 267 

action  of  the  pancreatic  juice  upon 276 

absorption  of,  by  the  kcteab 818 

presence  of,  in  the  lymph 882 

—  presence  ot,  in  the  chyle 887 

ofmlllc 876 

production  of,  by  the  liver  {9fe  Liver) 468 

process  fur  the  determination  of 400 

Trummers  test  for 461 

FelUing's  test  for 461 

character  of;  produced  by  the  liver 466 

rapidity  with  which  the  different  varieties  of; 

(cane-:«ugar,  milk-sugar,  glucose,  and  liver-sugar) 

are  destroyed  In  the  sysU'm 46T 

destination  of;  In  the  economy 471 

relations  ot,  to  nutrition 600 

Sulphate  of  lime 497 

Sulphate  of  potassa 497 

Sulphate  of  soda 4©7 

Sulphates,  elimination  of,  in  the  urine 428 

Sulpbo-cyonide  in  the  saliva 207,  20»,  211,  212 

Sulpho-cyanide  of  i>otas8ium,  action  of;  upon  mus- 

culor  Irritability 69 

Sulphuretted  hydroK^n,  exhalation  of;  by  the  lungs, 

when  ii\)ected  into  the  venous  system 164 

Summation  tones 882 

Superfecimdatlon 894 

Superfoetation 894 

Superior  lar}'ngeal  nerves  (nee  Pneumogastric) 651 

Suprarenal  capsules,  developmout  of 928 

weight  of;  compared  with  the  kidneys,  in  the 

fa?tu8  and  adult 928 

structure  of 479,  480 

chemical  reactions  of 481 

functions  of. 481 

extlri>atlon  of 4^8 

Suspensory  ligament  of  the  cr}'8talline  lens 7T9 

Sweat 891 

Sweat-glands 891 

number  of.  In  different  parts  of  the  surfhce...  893 

Sweat,  mechanism  of  the  secretion  of 898 

influence  of  the  nervous  system  upon  the  secre- 
tion of. 898 

quantity  of 898 

influence  of  exercise  u]k>u 884 

influence  of  temperature  upon 894 

properties  and  composition  of 894 

urea  in 894 

peculiarities  of,  in  certain  jxarts 896 

odor  of,  in  certain  parts 896 

equalization  of  animal  heat  by 621 

Sympathetic  nerves,  influence  of,  upon  the  cotor  of 

the  bloi  d  in  the  veins 6 

action  of;  up«>n  the  heart fi9, 60 

influence  of,  upon  the  arteries 69 

influence  of;  upon  the  movements  of  the  small 

intestine 287 

Influence  of,  uiK>n  animal  h^t 614,  619 

Symjuitbetlc  system 729 

general  arran^oment  of 780 

distribution  of 780 

cranial  t'anglia  of 781 

cervical  ganglia  of 781 

thoracic  ganglia  of 788 

abdominal  and  pelvic  ganglia  of 788 

parts  in  which  the  terminal  nerves  of;  are  con- 
nected *vlth  ganglionic  cells 786 

structure  of  the  nerves  and  ganglia  of. 736 
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epmifhtlie f f f iem,  c«Dflrtl  |irop«rtioi  of . . .  ,.,...  IH^ 

—  aauiDction  <!(  wiih  the  Gerebfo-apliuil  •fBtam,,  tSft 
— fteitioR«ur. Ta7 

lafliwnM  of  dlTialoa  of  OGnrea  oi;  upoo  ahIihilI 

1t«M 

^i—  Indaeact  0l^  uiton  tbo  drcul&don TSel 

- — tjiflu«a(s«s oi;  upon  «><iivtlon T88 

^—  li}11a«0(!0  vt  uiiOD  tba  uritio tW 

^^ —  Iiiflu«nci)  t*t,  upoQ  tliia  jLtiteatlnes,,,, Titt 

lUMiuiiii ^.. , T40 

p oi;  iipan  the  IrU Ut.  791 

Byap«xiaiia..... 6&i 

SjTi€0|io.... .....,..,.  68 

SjmoTlaJHiina... Ml 

SjiwrbUiild «W 

^^i— corii(io»IUun  of. .-..<• ••-*  83^ 

TariftiiiwAuAfrttiiaMortlMjQiiiti 8^ 

sjTWTki  iHiiise^ ssKiiaa 

Synofi*!  iiuiBbiniaei « ,..., ««  ^1 

tlMoniUuii  by ,..,♦* BIT 

Symnrtolahmtba ». 851 

SjmoTljM , , 

IWIto  oorpoMlM. 574 

Srbo^/to* .„ 179 

Ttploe* ISl 

Tm t«  (wv-  C  usUUon). , , » TW 

aclbt]  of  thi)  (ftosso-phoryiijpe&l  nenre  ill T<W 

ihllui.»n(H)  or  the  chorda  tjrt])|MiiJ  U{Mifi  .»,,** 6i3 

TMt4*-biiili,Qr  t«aU)'beakt<M., , T65 

TaaW^MsllA.,.., ,....*., I<» 

Ttato-pofttft,  — .*,.... ** 7<KJ 

Taatea  taa  flarow ,., Ta» 

Tiiirtti* .,....- ,....,... ,  290»  42 1 

TutrOcfaollc  add  and  tauroobolato  ofsoda 290, 

To* 

Inflntfnee  at,  uptm  U»e  exluJAiloii  of  earlMMiict 

add. ......,...._ ,  140 

tn/luence  o^  upon  ttaa  «iiizii»atioii  of  UK>a itSi 

Teaft,. .,, ^.., 

Toech,  phyaioloflcal  aDatomy  of •...•,»..,....  19^ 

eiiamolof. ... ....,.»,,. 199 

dej]U»«  of. 199 

- — cement  tif. ... , _  iuj( 

- — -polp-carityof,.,........, |t>o 

ToriiKlea  of. ..,.._, , _ ,  wo  f 

function  of  the  aenstbtUty  ot,  to  faaid  intelaaicea, 

tomacitlfiatloD . , ,.,... ♦*.,....•,...  SIfKB 

^--actJooof,  In  speech M9 

Tveth,  t«*inptiniry,  devdopmc>ni  of , 934 

ftri motive  bund  for  the  dnvidopmcQt  of. 924 

vpitbi'lLiI  hand  fw  the  dorislopi]i«Dt  of 924 

eiminelHii^Q  of, .... .   , , gjg^ 

^—  bulb  of . , ^  ^  ^  029 

ibUfcsto of  ,..„,..  ^^]!'„. ../,]'!  9SA 

or  iTuty  «r  , .  _  025 

of  •••- 925 

ocder  of  eruption  <»f. ,, pjhQ 

Toacii,  p4mnaji«>Dt,  dv rrtapmaitt  of 92B 

order  of  eruption  »if , . . , 027 
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urea  at  BeJleriu  Hoapital,  on  mldwtTery^  the  pneipoml  and  Ifaa  otber  dla«B«M  m  wmaan.  TUi 
Yolimw  i«  made  up  eubataotifllly  frooi  pbooograpSki  reporta  of  the  Iwtorea  whkb  I  bav*  fiWB 
OB  tba  poarpenJ  alaeas«a.  Having  had  rather  azoeptlonat  opportuiLltlaa  tstc  tba  atndy  of  tlMM 
dlaeftaea,  I  bare  Jblt  It  to  be  an  ImperatiTe  da^  to  atUlsa,  ao  &r  aa  la v  ia  obt  powar,  tke  adma* 
tasea  whiob  I  bave  eqjojed  for  tb(»  promotion  oradence,  and,  I  hope,  ror  the  tntoreata  of  buxaaa- 
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to  be  auTunlng  Its  proper  position,  aa  the  highest  branch  of  modklna,  tf 
graded  bf  Ita  IzuDortaojM  to  aodety,  or  by  the  IntoDectoal  coltore  and  ability  raqn" 
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aaa 


phyaldtaa,  aod  jafc  know  Tarr  little  of  obatetrloa ;  or  he  may  be  a  socceaefiol  and  diatb^idabad 
stugMn,  sad  b«  qslta  ^aoraat  of  eveQ  the  rudlmenta  of  obstctrtca.  Bat  no  one  caa  be  a  naJfy 
able  obatetildan  ualeaa  be  be  both  phralclaa  and  aurg«on.  And,  as  tbegreatar  laoiadaa  fba  laM^ 
obaietrloa  abotUd  nsk  aa  tha  bighoat  aopartment  of  oor  profoa8lon.**^#Voiii  AtUhw^t  Pr^f^otL 

On  Sea- Sickness,  by fordyce  barker, m. d. 

i  Tol.i  16nio.    36  pp*    Flexible  Cloth,  75  oentfl. 

B<ppr1nted  from  ^e  New  Tobje,  Medical  Jovvkau  By  reason  of  tha  frreat  damaod  fm  tiM 
omuber  of  that  Jounuil  containing  the  paper,  it  U  now  preacoted  tn  book  fbrm,  wttb  audi  jpi** 
tcHptlona  added  aa  tbe  aathor  haa  found  UAef^  In  relieving  tbe  aufllering  from  aa>-rictn>« 

BUCK. 
Contributions  to  Reparative  Surgery: 

jShowinff  its  Application  to  t^^  Treatment  of  J)efonni^ 
ties^  produced  by  Destructive  Disease  or  Injury  ;  Con^ 
genital  Defects  from  Arrest  or  JEkcess  of  Deveiopmeni  f 
and  Cicatricial  Contractions  from  Burns. 

bt  gurdok  buck,  m,  d. 

HlQitrated  hj  Jfamerom  Engrayinfi.   I  vol.,  8to. 


D.  Appkton  db  Co,*8  Medical  PubliciUicmM, 
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BARNES. 

Obstetric  Operations,  includinff  the  IVeatment  0/ 
Hcmnorrhage^  and  forming  a  Guide  to  the  Management 
of  Difficult  Labor. 


Br  ROBERT  BARNES,  K  D.,  London,  R  B.  C.  P., 


Obfletrlo  Ph^floiui  uid  hKtaxw  on  OUtetrlcs  and  Ibe  DIscaam  at  Women  ftOd  ChUdrcs  Iw  Bl 
0«oirgt*i  Hotpltol ;  j^umlaer  tu  Ob«tetziott  to  the  BoitkI  Co1I«««  of  PUvtleUai  and  th»  Boril 
OoOegoorSiUfeoDft;  FmldeBt  of  th«  lietropoUtan  Bmunh  uf  the  Britlali  Medical  Amodm^ 
Oen ;  l«l«  Exwoaloer  to  th«  Unlreraltj  of  Loodon ;  Jkimierly  Obetetrto  Thytk^an  to  ttto  ham- 
don  sad  to  St  Thomu  Uonnltald ;  and  kio  Fhyilolan  (o  di«  Eaatoni  DfVfiloii  of  tllo  Boyil 
MfltlRklty  CbJulty. 

IlMBdition^   Beyliod  and  extonded.    1  toI,,  8to.   606p«gr«i,   Cloth,  $4.50, 

**  Sueli  i  work  m  Dr.  Btrnei^t  wu  ffrafttlr  oeoded.    It  la  ctlQa1ftt«d  lo  oterato  tbo  i»ricdee  of 
lb*  olMfcMtlo  «it  to  thU  ooantiy,  and  to  b«  of  great  wnrtee  to  the  pnctitlooer."— Zmi«fC 

**  Tbo  bouk  of  Dr.  Baraea  !■  ooi,  pruperlj  apimkkag^  a  dofmatio  trcatlM  on  olNitotrlc  operv 

wa.    It  la  a  miIm  of  orkltial  leotiunea^  comprUmff,  at  one  and  the  aaioe  tSmc,  a  practical  anmlriJa 

^  of  the  eerfoiui  aoddeats  u  partorttloik,  the  reaaoEed-ont  LndlcatloiiA  Jbr,  aod  the  moAt  JudlcfooA 

reeearehes  In  the  maoxier  of  opeiatiiif  ,  the  method  to  chooae,  the  InatratDeot  to  prefer,  and  the 

(SetaU*  of  the  m&nciorrei  reontrod  to  loaure  roooeaa.    The  deaneea  of  the  t^le  la  pexnot    Tb» 

IT,  wlthoat  being  altagetber  rlffomua,  la  what  It  li  ahio  to  be  meralljr  la  a  aema  of  dtoki^ 

The  deaortptSoa  of  the  matrumenta)  the  appllaattoii  of  the  fbroeps  oephalotrlpijr,  am- 

Imantok  •eottop,  the  pnottoal  raflectloiia  oa  narrowlaf  and  maBbmiatloii  of  the  pel- 

I  of  the  aterua,  pboeata  pravla,  hi^morrfaaf o.  aod,  hi  iaot,  all  che  fraad  qneatloaa  In 

, I  are  treated  with  aoottnfee  rood  aenae.    At  each  taatant,  by  lome  remark  or  othor,  la 

lataaled  a  Boperlnr  mlad,  riponed  bf  naflnff  ae«&  mach  and  meditated  much."— /Vom  Frtfac* 

BASTIAN. 

Paralysis   from    Brain    Disease    in    its 

Common  Forms. 


r 


Bt  bl  CHARLTON  BASTIAN,  M,  A.,  M.D.,  F.KS., 


„ ^  to  tTaJrewltf 

Hoapltat;  and  Senior  Aiautant  PbjakkA 


of  the  Bofal  CoDefe  of  FhrilcUQa;  Proli»taor  of  Fatboloffleal  Aaatomr 
wdife.  Loodoa:  Phraiciiui  to  tJniTeralty  CoUeee  Hoapltat;  and  Senior  Aiaut 
to  Iht  SiatkiDal  Uoepiul  for  the  ParolTied  and  EpUepUe. 

WiUi  IHtLttrationB.    1  voL,  12mo.    ClotH.    $1.75. 

PKEFACK. 

Thaae  Laetoraa  wer»  delivered  tn  UolTonKx  OoUeffe  Hoapltal  laet  jeer,  at  a  time  when  I  wm 

^     duty  for  oae  of  the  aenlor  phrsicSaaa,  and  doHng  the  aame  jear— ^after  thej  had  be<m  r^ 

i  flvm  Ter7  ftiU  notea  taken  hj  my  fHood  Mr.  John  Tvreody— tbej  appeanxl  la  the  pagM 


ffoidln 


Tboj  are  now  reinihllabed  at  the  n 
i  very  eareftd  rarlafon,  daring  which 
would  hare  boaa  aaaj  to  ha?t  rtry  m 


9lfULmetL 

Thej  are  now  reinihllahed  at  the  reqaeat  of  man^  IHeada,  though  ontj  after  having  nadenoi 

-^*  _._^_^._    M. ^.^  ' JemWeqaaotlty  of  oew  matter  baebeeaeddet 

brth 
and  hr  treatment  of  many  of  the  iublacl         ,  ^  -, 

bat  thlt  the  author  haa  ptupotelf  abatalned  l^otn  doln^  aader  the  beUef  taat  la  tta  |>roae&t  l^rra 


rtry  mooh  Inoreaaed  the  aize  of  ^le  book  br  the  introdnctloD  af  a 
~  "  *^    treatment  of  caany  of  the  iublacta  at  greater  leaglii. 


larger  aamber  of  Oloatrattve  eaaea,  and  h\ 

bat  thlt  the  autbor  haa  ptupoaelf  abatalnec 

It  la  likely  to  prove  more  acceptable  to  atadeata,  aaJ  aZao  pothapi  mora  Q*efhJ  to  hoay  pracd- 


Notwlthataadlng  tta  defecta  and  many  ahortoomlaga,  the  author  la  not  wCthont  a  hope  flut 
fehda  Uttle  book  may  be  oooaldered  la  aome  meaaore  to  aapply  a  deflcleoor  whJoh  hai  bog  exlated 
ta  aedkal  literature.  No  departmcot  of  medSdae  ataada  mere  la  need  of  belag  repreeenlad  la 
a  taal'hoaik  of  aiodermta  eompaaa;  ao  that,  ImperllKt  aa  It  la,  thla  amall  work  may  peirhape  ho  of 
MiM  Mrvlee  tUl  It  ia  anpecaeded  by  aomethlog  better,  in  It  the  author  haa  eadeavored  to  tnat 
the  aiib)eet  with  more  predalon  than  haa  hitherto  been  eoatomary,  and,  while  the  lec^irae  oontala 
•ome  aoTBltleo  la  raathod  aad  mod*  of  azpoaltJoa.  ho  hopea  they  may  alao  be  Ibuad  not  aaiklth- 
ftiStj  to  embody  tba  principal  ftota  at  preaeat  known  conoemlitg  thla  veij  Important  daaa  of 


4  J},  AppitAon  eft  Co^B  MediccU  rubUcations, 

BENNET, 

On  the  Treatment  of  Pulmonary  Con- 

sumption^  by  Hygiene,  Climate^  and  Medicine,  in  iiM 
Connection  with  Modt^rn  Doctrines, 

By  JAMES   OENET  BENNET,  M.  D., 

Mate  «r lift  R«y*l  C«11«f«  flf  nralclui,  Loadm ;  DmsUv  »f  M«llc4««  •/  (bi  U»lT<Mfty  ii  rMfo,  «lls  «ift 

1  Tol,,  thin  8vo.    Cloth,  $J,50. 

r  ifa^  iMlncfttv*  vorii,  vrllHB  tn  t&*  virfMc,  elav,  uul  lucM  mluqat  v^Wb  sppw*  ta  •tl  lit  M^ 
'     '  aiidtMl  «f  ffcaaftJ  lltentara. 

Ad  iMt  ba*(  t*  itt«  iittw  ik«  of  kll,  for  ly  fnutieil  ■awniiiiw  wmm  tIivm  of  <!•  aalM«  a^ 

■  •fall  ttifWfcte  eUsiAMft*  p«lnoMtr7  wwiBmptia*.*'— Jiifit  Iwiiw  ^^  JfirfirtM. 

Winter  and  Spring  on  the  Shores  of 

the  Mediterrajiean ;  or^  the  Riviera^  3£enton£^  Italy, 
Corsica^  SicUy^  Al^ericL^  Bpain^  and  Biarritz^  as  Win- 
ter Climates. 

Thl*  trvrl  «tnbcidlw  tlia  «Tp*ii«»M  af  ten  wlatcn  %n4  •W^np  tm*»*A  hy  I>r.  IIhi»»<  ««  l!kt  tlinr**  of  tlw  M«4lli^ 
tmatma,  aix)  cDntaJju  miicb  TftiftAU*  lnXona&UaD  for  ph]ri1ii  tsiiu  fti  tdbUoa  (0  tb«  b«*llk-r«BtM'lnf  citrnvMaf  Ite  a^ 
clooA  (tail  rfhil- 

1  vol.,  12II10.    621  pp.    Cloth,  S3.M). 
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"KicMdliiifrlr  rM>iUb1«,  ■pari  frDra  tti  ip^rbli  |y«rpruM,  uni}  urt!)  UIutlnatMl."— .^V«itf*f  flkwMfftat, 
ilHUalLal  tsIm  far  ihm  pb]rticl«n,  f>«rhaM,  Uia«.  for  anj  I'ilkcr  cIbm  wr  praCwalaii.  «  . 


'  U  luH  •  mora  •olHUalLal  walni  tat  ihm  pb]rticl«n,  f>arha{«,  Uia«.  for  anj  I'ilkcr  elaM  wr  praCwalaii.  «  .  .  VT*  « 
■■nJ  ihla  lN>ok  la  owr  nm4tn  aa 


BILLROTH. 

General  Surgical  Pathology  and  The- 

rapeulics,  in  Pi/ty  Lectures,     A  Tesct-book  for  Students 
and  Fhysicians, 

Bt  Dr.  TOEODOR   BILLROTH. 

TziDilated  from  the  Filth  Oernrnn  Edttlon,  wUh  th4i  tprciAl  t^rmlMtoo  ofth*  Aothor,  bf 

CHAfif.ES    K.    HArKLEY,  A.  M.,  M.  H,, 

9«ifMB\»  tha  ?rtv  Turl  Eja  ud  Eu  inflmtary ;  rfavvlirkAPi  1<.  ili*  Na»  Y«rk  Il4.*|rikkl ;   Fttltfw  «#  tk*  |V«w  T«lft 

1  TOL,  8vo*    714  pp.,  utd  152  ^-^-r*-     n-v    ^^n^.  ^^^^^   ^'^  «a 

FmiWiiiii  *n»o<l'iT  MUimlti,  nor  r>f  th*  mo«i  not'i 
fiHMkf  nf  lit*  aaltilnf  *l*t*  of  km>«iM|«*  In  thi*  ten 
faar  Mtk|i«««  Id  tJ#rnkajiy,  au4  k*Tiim  tp*rti  fnkn*l 
(■armnl**  f<Y  Ita  ilandlni*,. 

*'  Th#  vaot  Ar  a  b«w^  la  tha  Knf  thih  lanrnatf*.  rraai'TiUng  Iw  a  on«i«lt»  farm  tha  «<•»•  <«f  tka  i'^nvukm  | 


I  l«nf  t»*«D  frit  i  »xi*\  w«  v^tilurv  l«  tay  ik>  Vvh  e^tuitt  mnra  p«rfif«l|ji'  aii|ifrl^  iImi  vaal  iti*n  iS«  |>r*^ni  «^1«..  _ 
»  .  .  Wi>  w.rulft  «ir«ajf|v  r««MnniMi<l  U  In  all  wbu  tak*  aay  IbImtmI  la  tka  fwcyta  «r  iVackl  awii  «aa«r«aM>4  la  umr^ 
mal  iMkihAiu^,  an«i  tanrtrj-" — Tit  l^*<'<^- 

'■  Wa  oLh  a»tur»  our  rHMSar*  Uk«i  ikav  wlli  vamMm  awtiW  Mvaaj  waitad  Ik  111  Mniaaa,  Mr  Una  ta  tta  ririiiL" 

BULKLEY. 
Acne;  its  Pathology,  Etiology,   Prog- 

nosis,  and  IVeatnient, 

Bt  L.  DUNCAN  BCLKLETT,  A.  K..  M.  D., 

K««  York  BrMpiUl, 

A  monograph  of  about  seventy  pages,  Ulnrtratcd,  founded  on  aa  analj* 
fif  of  two  liondred  oa«e3  of  variotia  formi  of  Aone.    {In  preau) 
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BARTHOLOW. 

A  New  Scientific  and  Practical  Work 

on  MiUeria  Medica  and  Therapeutics, 

By  ROBERTS  BARTHOLOW,  M.  A.,  M.  D., 

PtoftflBor  of  the  Theory  and  Pnctloe  of  Medicine,  and  of  OUnleal  Medidne,  and  formerlr  Prabw- 
or  of  Materia  Medica  and  TherapentlcB  in  the  Medical  College  of  Ohio;  Physician  to  th* 
Hospital  of  the  Good  Bamariton ;  Coirespondtng  Member  of  the  New  York  Neurological 
Society ;  Author  of  a  Manual  of  Ilypodermlc  Medication,  of  the  Bnasell  Prixe  Basar  oo 
Quinine,  of  the  American  Medical  Association  Pri»  Essay  on  Atropia,  and  of  the  Flake  rand 
rrize  Easi^  on  the  Bromides,  etc 

OzM  vol.,  8vo.    Oloth.    648  payes.    Prloe,  $6.00. 


In  this  work,  a  volume  of  moderate  compass,  is  condensed  the  whole  snbjeet 
<if  Materia  Medica  and  Therapeutics,  less  the  botanical  and  chemical  details.  The 
author  has  included  just  that  kind  of  information  which  is  required  by  the  stadent 
and  practitioner,  and  has  omitted  all  those  details  now  universally  committed  to 
the  druggist  and  apothecary.  The  official  names  of  individual  remedies,  and  tho 
German  and  French  synonyms,  are  first  given ;  then  follows  the  list  of  pharma- 
oentical  preparations,  the  composition  of  these  and  the  doses ;  next  the  antago- 
nists and  incompatibles,  and  the  synergists.  The  author  gives  a  full  account  of 
tlie  physiological  actions  and  the  therapeutical  applications  of  remedies,  and  he 
is  especially  full  and  explicit  on  these  important  topics.  As  he  states  in  hii 
preface :  "  In  describing  the  physiological  action  of  drugs,  two  methods  may  be 
pursued :  to  present  in  chronological  order  a  summary  of  the  opinions  of  various 
authorities  on  the  subject  in  question ;  or  to  condense  in  a  connected  description 
that  view  of  the  subject  which  seems  to  the  author  most  consonant  with  all  the 
facts.  I  have  adopted  the  latter  plan,  from  a  conviction  of  its  advantages  for  the 
student,  and  of  its  ntility  for  the  practitioner." 

The  ntmost  brevity  consistent  with  clearness  is  kept  in  view  throufthout  A 
very  considerable  portion  of  the  book  is  devoted  to  the  therapeutical  applications 
of  remedies.  The  author  states  on  this  point:  **As  respects  the  therapeutical 
appUcations  of  remedies,  I  have,  as  far  as  practicable,  based  them  on  the  physio- 
logical actions.  Many  empirical  facts  are,  however,  well  founded  in  professional 
experience.  Although  convinced  that  the  most  certain  acquisitions  to  therapeu- 
tical knowledge  must  come  through  the  physiological  method,  I  am  equally  dear 
that  wdl-established  empirical  facts  should  not  be  omitted,  even  if  th^  are  not 
explicable  by  any  of  the  known  physiological  properties  of  the  remedies  under 
discussion.'*  The  practitioner  will  find  in  the  therapeutical  portion  of  the  work 
numerous  valuable  formulse,  adapted  to  the  exigencies  of  practice. 

This  treatise  discusses  subjects  not  heretofore  introduced  into  therapeutical 
works.  The  chapter  on  Aliment  is  quite  full,  and  includes  such  topics  as  animal 
and  vegetable  aliment,  special  plans  of  diet,  denutrition,  dry  diet,  vegetable  diet| 
animal  diet,  milk-diet,  alimentation  in  acute  diseases,  in  cachectic  diseases,  nutrient 
enemata,  etc.  The  importance  of  knowledge  on  these  subjects  can  hardly  be 
over-estimated. 

Past  I.  treats  of  *'the  modes  in  which  medldnes  are  introduced  Into  the  organism.** 

Past  II.  treats  of  **  the  actions  and  uses  of  remedial  agenta,"  under  the  several  sahdlrisUns 

of  Magenta  promoting  oonatmctive  metamorphosis,'*  ^agents  promoting  destructive  metamor- 

plMMla,**  **agents  aaed  to  modiiy  the  ftmctkms  of  the  nervous  system,**  and  **ag«DtsQasd  to  eanae 

some  evaeoatioa  from  the  body.** 

Past  III.  treats  of  **  topical  remedlet^  and  Includes  such  topics  as  **  AntlseptSos,**  **  Ooantsr> 

knttaiils,**  **£pl0iiastioa,**  ^Acupuncture,**  ^'Baunscheidtlsmus,**  **AqnapQBetiu«,^  ^Bioddki- 

ttiv,**  Mfiieharotloa,'*  *«^ol]l«nts,  DemnloaBta,  and  Pxotaettve^ 

Scaroely  any  topic  in  therapeutics  fails  to  recdve  attention,  and  aU  an  dift- 
«ttS8ed  with  great  conciseness,  but  clearly  and  adequately. 


t  D*  Apphion  A  Co,*9  Medical  Publications, 

CARPENTER 
Principles   of   Mental    Physiology,  un4A 

their  Applications  to  the  Training  and  JHsdpline  of  the 
Mind  and  the  Study  of  its  Morbid  Conditions, 
Bt  WILLIAM  B.  CAEPENTER,  M.  D.,  LL.  D.,  F.  It  S.,  F.  L.  S.,  F.  G.  S^ 

1  tqIm  Sto,   Price,  $3.00. 

"AMMlWrniMTCWiBlBnl  VTllmlUi«oalv7  teH«4Mi«d*  ■«!••*■  wvrtdMVTlttf  af  jmlit  fcr  K«vte  aft. 

MjlkMDrr^rHolR.   To  kin  M«  lb*  nwlt  •#  ksvfif  MlMllipsI^  liviM  u»d  of  kavtor  ^  auaj  tatfa^ 

Hofacf ,  nd  kTpMdaa. Iam  alltKtod  •«  Urga  w  anMml •#  allMtlfla  darti«  ib«  U*l  ivtBtr  ;«u«,  .  .  Jw%  ■«• 
MBfJiMl*  Iff  fftnmmiiii^lnr  Dr.  CwpMlcr*!  wort  to  thi  OMBbtn  sf  ow  ow«  prolbHloa  «•  upljinf  au^jr  fcHi.  I^rt 
Iftira  Uttoio  •|H»4  Mlaiwd^  lo  t^  «xpUuitoiB  ol  tU  haeckat  of  tW  tetla  ■ad  le  pjvhatagU  |vwBBBifia«il|y.* 

COMBE. 
The  Management  of  Infancy,  Physiologic 

eal    and   Moral.      Intended   chi^y  for    the    Use    ^f 
Parents, 

Bt   ANDREW  COMBE,  M.  D. 

REVISED  AND  EDITED 

Bt  Bib  JAMES  CLARK,  K.  C.  B.,  M.  D.,  F.  R  a, 

Pfaijildas^bi-ordliittrx  to  th«  QueoL 

flTit  Am«ri6ui  from  tbe  Tenth  London  EdiUon.     1   toL,  Itoo.    $02  pp 

CleUi,  $1.60. 

**  Thl*  exe«Ilent  Dttt«  book  ihonM  br  to  tb«  band  of  ererr  motlun-  of  t  Iktnll j :  Mi,  If  fOWM 
•f  «iir  kdy  flrlMidt  would  mwtor  it«  ootUeaU^  «od  «ttb«ff  brmf  up  Uirir  children  07  tb*  B^t  «f 
ttft  trnfiMrnn.  Of  eoimniuile«te  the  tratha  It  wmtaina  to  tha  poor  bj  whom  tb«Y  are  twourfed, 
wi  in  Mft^liiotd  that  ttitj  woold  allieel  toAnlttthr  mora  food  Uiaa  bj  Uic  dlatributloB  of  wnj 
Bitrabor  of  tneta  whatoTer.  .  *  .  Wo  eoBitder  thu  work  to  bo  ono  of  tbe  &w  Mpalar  Bodloal 
trtatiaw  Qui  aaj  pfmotltioiier  mif  reoommesd  to  hit  pallcnta;  and,  though,  h  tia  praoonta  «f<t 
Mlowod, ho  wfllprotabl/ loao  a  i^ goluoaa,  be  wUl  not  bmdio  thfm If  ha  Met  hla  MMd't 
«lkSldr«n  grow  np  bMithj,  actlTO,  itroog,  and  both  menial^  and  phjiladfy  eapiabla.**'~74« 


CHAUVEAU. 

The    Comparative    Anatomy   of    the 

J>omesticated  Animals. 

Br  A,  CHAUVEAU, 
psoncaaoa  at  ths  ltovb  TraaaxAmr  ecnooL 

Second  edition,  redsed  And  enlarged,  with  the  coSperttion  of  S.  ARLOIK0, 
l&le  Principal  of  AnatomT  at  the  L^ons  Yeterinanr  School ;  Profesior  at  the 
Toulouse  Veterinary  School.  Tranalat^,^  and  edited  by  G£ORG£  FLEMING^ 
F.  R.  G.  S.,  M,  A.  L,  Veterinary  Surgeon,  Rojal  Engineera. 

1  TOL,  ITO.   aotli.    BfiT  pp.,  with  450  ninfftrationi.   Prloe,  $6.00. 
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D.  Applei<m  d  Co/e  Medicai  Ih0HieaHans, 


I 


DAVIS. 

Conservative  Surgery,  as  exhibited  in  remedying 
some  of  the  Mechanical  Causes  that  operate  ir^uriously 
both  in  Health  afid  Disease,    With  Illustrations. 

Bj  HENRY  G,  DAVIS,  M.  D., 

Member  of  the  Amorlc&n  V«(tlGftl  AmocUHoo,  9k^  tto. 
I  ToL,  8yo.    315  pp.    Cloth,  $3,00. 

The  ftotlior  hu  enJojM  rmt  flicIlHlea  fbr  the  ttudf  «nd  troatme&t  of  corUlo  ela«a«s  of  dJMMt, 
%Xk^  the  records  here  preMiitod  to  tlie  profbasloD  ore  th«  grodual  accuiuaUUoii  of  or«r  UUHy 
fenrv*  UtTeiU^tion. 

*^  Dr.  Dji%i»,  brtnginr,  u  h«  do«i  to  hli  ipMl&Itjr,  &  preiftt  uptltiidfl  fbr  the  eolvi^ofi  of  meduat- 
cal  problem  A,  ukt^i  &  hiKh  m&k  m  in  ortlimdlo  iiugMMi,  ft&d  bis  tvry  praetieal  oootrltnitloii  t» 
tlie  Utorihturc  of  the  »uliject  Is  both  Talnaole  and  oppnctune.  We  deem  1%  worthy  of «  plaoe  ta 
ereiy  phriidra*i  Ubr&tr.  The  etyle  la  tiBpreteodlQir,  ^^^  troiichAiit,  rv^phlo,  and.  beet  of  ■]]« 
qiatel&tBUiirlble."-if4Mfica^  i?en^cf. 

ECKER. 

The   Cerebral   Convolutions   of  Man, 

K  represented  according  to  Personal  Investigations^  espe- 

^^^        ciailt/  on  their  Development  in  the  Foetus^  and  with  re/- 
^^H      erence  to  the  Use  of  Physicians. 

^r  Bj  ALEXANDER  ECKER, 

^^^^^       Phifteeor  of  AikAtMnjr  a&d  CompauvtlTe  Amtomj  In  the  UulTentty  of  IVdhnif . 

^^^B  Trmiulatad  from,  the  Qenoiui  by  Bobert  T,  Ed«B,  U,  D. 

^^^  I  ToL,  Svo.    8T  pp.    $1.25. 

^m       "  The  work  of  Prot  Keker  te  noticeable  prlnclnany  for  lU  »iieelActit«M  and  cleajiieeii,  avoldlif 
1      imig  OiMiiaBloDa  on  oDdedded  potDt*,  and  yet  atimcleiitly  fVinilahed  with  reJIsreiiOfli  to  nuke  t«iy 
lU  oompaHioiia  wtth  the  Ifbors  of  others  Id  the  ftame  dtrecUoti. 

^XBtlreiirffliulity  In  deacrlptlTe  anilomy  ts  out  of  the  qneetioOp  hot  the  fiMsta  TerlfliMl  by  ottt 
author  an  h«re  pnaentid  In  a  more  iDtirlll^Mble  miioiK^r  than  In  any  other  eaa1]yHi«oe««lbla  work. 
"The  knowladM  to  be  derived  frova  Qiia  work  la  not  nirtiUhvd  by  any  other  test*book  la  Ua 
lih  yKagaaagtr-^Bofton  Mtdicat  and  Surgk^  Journal,  Jamutry  80, 1^. 

ELLIOT.  f 

Obstetric  Clinic  a  Practical  Contribution  tothe  Study 
of  Obstetrics^  and  the  Diseases  of  Women  and  Children, 

By  the  late  GEORGE  T.  ELLIOT,  M.D., 

tat*  PnilhawH-  of  Obetetrka  and  IXaoaata  of  Wometo  and  Chlldreo  la  the  BeUeme  Hoapttnl 
Modk»l  College;  PhyiSdaii  to  Betleviw  Botpltal  and  to  the  New  York  Lytn^-lo  A^rhun; 
ConinltinffTbyBicUii  to  Che  Norserr  and  Child's  Hospital ;  Con^alttng  Surmn  to  the  flttufet 
Wooian'a  Baipltal ;  CoirretpondLn;  Member  of  the  Ealnbut^b  Obstetrical  Bodety  aad  of  tb* 


I 


CoDi^tilttng  8u 

Ifh  Obstetrical  

FeU^w  of  tb«  _N.  T  Acoflemy  of  Medicine;  Memb«r  «r  th« 


Royal  Acaderay  of  Havana;  , 

Coonty  Medical  Bodety.  of  the  F^tbolo^cttl  doolcty,  etc.,  etc. 


Thta 
XDtoi;  tod  contaliia. 


I  vol.,  ftvo,   458  pp.   Cloth^  14.50. 

!»,  In  a  meainre,  a  resitmS  of  separate  pnpen  prertoualy  prepared  by 
DiatDii  tyeBldoa^  a  record  of  nearly  two  honidred  Important  and  difficult  i 
id  from  hl«  own  practice.    It  haa  nift  with  a  hearty  reception,  and  haa 


pracdoi 
both  In  ttiu  eooniry  and  In  Europe. 


/  the  late  Ct. 
t  caaee  In  add^ 
I  reoelred  th* 


D,  AppUUm  S  Coh  Medical  PuUicationM. 

FREY. 

The    Histology  and    Histo-Chemistry 

of  Man,    A  Practical  Dreatise  on  the  MemenU  of  Com- 
position  and  Structure  of  the  Suman  Body, 

By  HEINRICH  FREY, 

rrolbssor  of  Medicine  In  ZuHcb. 

Translated  from  the  Fourth  Oerman  Edition,  by  Arthur  B.  J.  Barker, 

StET^oon  Xo  th«)  City  of  Diit)tlD  Hofpttftl  *  Deaumttntor  of  Ajmiom;,  Koyml  CoIIevo  of  8QT;r*'oaA» 
Irt'laod ;  Visltijiff  Sui^eob,  C!onflleioeDt  Home,  8tillorg»D ;  uid  reviMMl  bjr  thiH  Author. 
WUh  ^«  Ungiurlugfl. 

I  voLi  9to.   Cloth,  tSOO ;  8he«p,  $6.00. 

CONTENTS, 
The  ElfCQenli  of  Composition  »nd  of  Strnctnr*  of  tb«  Body:  Elemonti  of  Compoiltioa — Ji- 
bumtDom  or  Protein  CompoandA,  LiuTnoslobollD,  IIifttogr«Dle  DerirfttlrM  of  tbo  Aniiiinliioin 
SubBtaocc^  or  AlbiimLnoidfl,  tlie  Fatt/  Acids  sxid  Fatt,  the  OuiKilifdmat,  Koo*KlUmiaoM» 
Acld^  Nltra^«tiotu!  Acid»,  Amides,  Amldo-Aold*,  &nd  Orpuie  BaMi»  Aatnul  Colotliiff  IfUfl. 
Cfftnogen  CSoinpoujiiift,  Mineral  CoiuiUtu«nU ;  Elements  of  Structure— tbe  Cell,  the  OrigriA  of  tho 
RemAliiLDf  ElfUDcnts  of  Tlasne;  tho  TlasOfv  of  the  Body~Ti&&aeA  compoaed  of  filmpleCtlk,  wHb 
FTold  Inteitnedktft  SabitADoev  TlMtiei  composed  of  Simple  Cella,  wjUi  t  ftm«U  vnoant  of  Solid 
Intennediftte  Snbetutce,  Tluuee  be^ong1iig°  to  the  CooneeUve-SobtUiio*  Group,  Ttieoei  «oib- 
pnflfld  of  Tra&slbrmeds  ud,  at  a  nilt^  CoberlnK'  CuUa,  with  Uomnipeneoiii.  Beauty,  ead  more  or  has 
&oUd  Intcmiediiite  Sub&tjmce,  Composite  Tissues  t  Tbe  OrKent  of  tlie  tMf—Orgum  «t 
Vegetatire  Tyi*,  OtgKM  ol  Uj«  Animal  Group. 


FLINT, 
Manual  of  Chemical   Examination  o 

the  Urine  in  Diseaee,  With  Brief  Directions  for  the 
Meamination  of  the  most  Common  Varieties  of  Urinary 
Calculi, 

By  AUSTIN  FLINT,  Jr.,  M.D.. 

fmt^iot  of  Pbyriota^  tnd  Mfcroecopj  In  the  Beneme  n<iep1tik]  Medlcftl  OoQeee:  FeOow  of  tM 
New  York  Aejulcmj  of  Medicine;  Mcmbor  of  the  Medical  Sodetv  of  the  Coaotr  of  K«« 
Torit ;  Besldest  Meunber  of  the  Lf  oettm  of  Netonl  History  la  ike  Uty  of  New  T«^  ele* 

Third  Edltioo,  rfiyised  and  corrected,    1  7otj  ISmo.    77  pp.    Olothi  tlOO. 

Tbe  chief  aim  of  this  Utde  vork  is  to  enable  the  busy  practitioner  to  make  for 
bimaelf,  rapidl/  and  easilj,  all  ordmarf  examinations  of  Urine ;  to  give  him  iht 
benefit  of  the  auihor^a  experience  In  elimiuating  little  difficulties  in  the  mampub* 
lions,  and  in  reducing  proceaaes  of  analjsia  to  the  utmost  iimplicity  that  la  coo- 
liatent  with  accuracj. 

*^  We  do  net  know  of  aj  work  In  EoffOiih  eo  oomptete  and  handy  w  the  Maonal  p<nr  < 
lo  the  Profession  bf  Dr.  Flint,  end  the  bl|rb  •denUflc  repaUUon  of  the  anthor  te  a  i 
fMnatee  of  the  iceimef  of  aH  the  directlcRis  griTen.*'— Jbvmca  ^  App^td  (^*mMnf 

**  W«  enn  osbealtiktlnrly  reoommond  thle  ManoiL^— i^yeAofPiH^  JottmaL 

*  Eminently  i,ru:ticAir—D*troU  B^vitw  of  MaJieim, 


^ 


J>.  AppkioH  A  CoJ*€  MediccU  PtMicoHom^ 


FLINT. 

The  Physiology  of  Man.  Designed  to rt^ 
recent  the  Existing  State  of  Physiologieal  Science  as 
applied  to  the  Functions  of  th^  Human  Body. 

Bj  AUSTIN  FLINT,  Jr.,  M.  D., 

Swfttior  of  Vhy^xAo^  «nd  Mtcro9conr  In  th«i  D«ll«nM  nwplt&l  Medical  Ct>Il««\  «ad  In  tbf 
Long  UL^il  CailefT^*  Ilo&piUl ;  Fclk>w  of  Uie  New  Torit  AcadtiO^  of  ModiciM ;  MicroiooiM 

V«w  &Bd  thoroa^hly  r«7ised  Edition.   In  FiTt  TolmiiM.   tTa<   tinted  Paptr. 
Volume  L — Hie  Blood;  Circulation  f  liespiratior^ 

Bto*    50S  pp.    Cloth,  §4.50. 

'  If  the  remalialtig  poitions  of  this  work  are  comp^(^d  idtL  the  Mine  mn  tad 
ftOcaracj^  the  whole  mny  vie  with  anj  of  tho^^e  that  have  of  late  yean  besD  pt^ 
duced  m  our  own  or  in  foreign  Ungaagisft."— ifH^uA  crui  Foriiffn  Medk^CMrwr^ 
eal  Rtview, 

**Ain.  book  of  general  inrorrrmtion  it  will  be  fonnd  udelVd  to  the  prtctitioner^ 
nod,  ta  a  book  of  reference,  invaluable  in  the  bandd  of  the  anatomiat  and  phjii- 
ologiBi" — Duhiin  Quarirrlif  Joumai  of  Mtdieal  Sdmee^ 

**Tbe  complete  work  will  prove  a  valuable  tdtlidoii  to  oar  tyatematle  tnatiMi 
on  human  pbjsiology." — Thf  Lanett 

^  To  those  who  desire  to  get  m  one  rolume  a  eonciite  and  etear,  and  at  th« 
•ame  time  sufficietitlj  flill  rhnfjif  of  *  the  emting  state  of  physiological  edence.* 
we  can  heariaj  recommend  Dr.  Flint*s  work  MareOTcr,  as  a  work  of  tjpogTaphi- 
ca!  art  it  destcrres  a  prominent  place  upon  onr  library-shdvea.  Me^tsra,  Appteton 
k  Cki«  deserve  the  thanks  of  the  profeasion  for  the  very  bandiome  style  in  which 
they  isfoo  medical  works.  They  give  us  hope  of  a  time  when  It  wiU  be  very 
generally  believod  by  publlahen  that  physidona'  eyea  are  worth  Baring*' — M$tk' 

Tdume     U*  —  Alimentation  /    Digeeiion  /    Absorption  / 
Lymph  and  Chyle, 

Bto*    666  pp.    Cloth,  %\M. 

«  The  second  inBtalmeni  of  this  work  fulfils  all  the  eipeciationi  ndsed  by  th« 
penisal  of  the  first.  .  »  .  The  auihor'e  cxplanationa  and  deductions  bear 
f^enee  of  much  careful  rcOection  and  study.  .  .  •  The  entire  work  la  ooi 
of  nre  interest  The  luthor's  style  is  as  clear  and  concise  aa  his  method  ii 
■lodlouSt  careful^  ^nd  elaborate.**— iVirYa*W/>AMi  Inquirer, 

*'  We  regard  the  two  treotisee  already  issued  aa  the  very  beat  on  human  phyiJ- 
ology  which  the  English  or  any  other  language  affords,  and  we  recommend  thein 
with  thorough  confidence  to  studenta,  practitionen,  and  Iaym«n,  aa  modda  of 
lit«rary  and  scientific  ability.** — A.  Y.  Midical  Jourmd. 

"  We  have  found  the  style  easy,  lucid,  and  at  the  same  time  terse.  The  prao- 
tioal  and  positive  resulla  of  physiological  investigation  are  succinctly  «t«^ 
without,  it  would  seem,  cJttended  discussion  of  disputed  pointa." — Boitoti  M^aim 
mnd  Surpcai  JoumaL 

"  It  is  a  volume  which  will  be  welcome  to  the  advanced  atndent,  and  aa  ■ 
work  of  reference.*' — Tht  Lancet. 

"  The  leading  snl^ects  treated  of  are  pr«aentc<i  in  distinct  part«,  each  of  whiflh 
IS  designied  to  be  an  exiiaustlve  essay  on  thtt  to  which  it  refer*.** — WtaUm  Jmtr- 
malo/AftdieiM, 
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D.  Appteton  tt  Co.H  Medical  PMicaliom, 


Flint's  Physiology,  volume  UX—SecnUan;  Sa^ 
cretian;  iJuctless  Glands;  Nutrition;  Animal  Meat/ 
MommnenU ;    Voice  arid  Speech. 

8to.    526  pp,    Cloth,  $4.60. 

^  Dr.  Fllot^a  reputatioti  is  sofficient  to  give  a  cbaracter  to  the  book  among  tlit 
profesttioD,  where  it  will  cbictJy  circulate^  mid  many  of  tlie  facts  given  have  betti 
verified  by  the  atithor  m  Uia  bboratory  atid  in  public  dexoonslraUoiL** — CMmf9 
Courier, 

^*  Th«  author  bestows  judicious  care  and  kbor.  Facta  are  aelected  with  di»^ 
orimbmtioti,  IbtK^ries  ctiliciiny  eiaiumed,  and  coDclusions  enunciated  with  com 
mendable  clearness  and  proci&ion." — Amerkan  Jonmal  0/the  Medical  Sdettcm. 

YoliuTie  IV. — The  Nervous  System. 

8yo.   Cloth,  ^,50. 

Thid  volume  embodiea  the  reault*  of  exhaustive  studj,  and  of  a  long  and 
laborious  series  of  expcrimcnt.H,  prc'seuted  in  a  niauDcr  i^miirkable  for  Its  strength 
and  clearness.  No  other  departnient  of  pbysioJo^  has  so  profound  an  interest 
for  the  modem  and  progressive  physician  a«  that  pertaining  to  the  nervous 
sjratem.  The  diseases  of  this  system  are  now  engaging  the  study  and  attention 
of  some  of  the  greatest  minds  in  the  medical  worki,  and  in  order  to  follow  their 
brilliant  discoveries  and  developments^  especially  in  connection  witfa  the  science 
of  clectrology^  it  is  absolutely  neee^ssary  to  obtain  a  clear  and  settled  knowledge 
of  the  anatomy  and  physiology  of  the  nervous  system.  Il  is  the  dc;5igii  of  this 
work  to  impart  that  knowledge  free  from  the  perplexing  apecuUtlons  and  uncer- 
tainties that  have  no  real  value  for  the  practical  student  of  medicine.  The 
author  boldly  tesU  every  theory  for  hlitiself,  and  afiks  his  readers  to  accept  noth- 
ing that  is  not  capable  of  demonstration.  The  properties  of  the  cerebrospinal, 
uervDUS,  and  sympathetic  systems  are  treated  of  in  a  manner  at  once  lucid, 
thorough,  and  interesting. 

Although  ihis  volume  U  one,  perhaps  the  most  important  one,  of  the  author's 
admirable  series  in  the  Physiology  of  Hon,  it  is  nevertheless  complete  in  ita^ 
and  may  be  safely  pronounced  indt%>pen&able  to  every  physician  who  takes  a  pride 
and  interest  in  the  progresfi  of  medical  science. 

Volume  V. — Special  Senses;  Genet'alian, 
8to.    Cloth,  %^M, 

**The  present  volume  completes  the  ta.«k,  begun  fleven  years  ago,  of  preparing 
a  work)  intended  to  represent  the  exinting  ^tute  of  physiological  science,  as  ap- 
plied to  the  functions  of  the  human  body.  The  kindly  reception  which  the  first 
four  Tolumca  have  reeelTed  has  done  much  to  sustain  the  author  tn  «n  under* 
taking,  the  magnitude  of  which  he  1ms  appreciated  more  and  more  as  the  wo^ 
has  progressed. 

^*  In  the  fifth  and  last  ToUime,  an  attempt  hn9  been  made  to  give  a  clear  account 
of  the  physiology  of  the  special  senses  and  generation,  a  most  mthcult  and  delicate 
undertaking.  .  .  . 

**  Finally,  as  regards  the  hi«t,  as  well  as  the  former  volumes,  the  author  can 
only  say  that  be  has  spared  neither  time  nor  labor  in  their  preparation  \  and  the 
Imperfections  in  their  execution  have  been  due  to  deficiency  in  ability  and  oppor- 
tunity. Lie  indulges  the  hope,  however,  that  he  has  written  a  book  which  may 
assist  his  fcUow  workers,  and  interest,  not  only  the  student  and  practitioner  of 
medicine,  but  some  others  who  d»-8ire  to  keep  pace  with  the  progress  of  Katonl 
Science." — Exintc(»/nmt  Prtfact, 


J),  Appleion  A  CoM  Medical  FublicaHom,  li 

Flint's   Text-Book  of  Human   Physi- 

ology^for  the  Use  o/StudenU  and  PracUtionen  of  Medi- 
cine, 


is  one  liu-ge  octaTo  Tolume  of  978  pagea,  elcgftntly  printed  on  fine  P^p^^t  tod 

profiiBel/  illuBtrtLed  with  three  Lithographic  PUtc«  and  818  EograT- 

ings  on  Wood.     Frice^  in  oloth,  |6.00 ;  6h«ep,  |7,00. 

While  Tnt  FUiit*!  **  Phytfiolog;  of  Mae,'*  to  fire  odxro  rolutoflii  iko  publlihed  bj  0.  Ai^pl** 
too  Jt  Oou,  !•  liiTsliiable  u  ft  book  of  ref^r<!&ce,  girlof  to  «pittoaM  of  the  Utaimtiire  of  pfayttoloe^. 
with  eoplonft  TftBTtnctB  to  other  suthon,  the  pabUihert  hfiT«  ippracUled  lh«  oooeulty  (or  i  o«vr 
Int'book,  fbr  the  UM  of  ftudMBlt  md  pnotitkMiara  of  cD«dido«, 

Thti  oav  work  li  Inleodfd  to  mMt  thl»  pmcUif  waat^  ft&d  It  ooataloa  iiK«t  of  the  ihcU  pre- 
■aiitod  In  the  lArg(*r  treattte,  without  hittorleal  rtftt^n^*  or  dleooMlonj  of  tnlaor  ttd  ooolro- 
f«rtod  ^MtloiiL  The  high  r«puUtloo  of  the  tathor  fti  ■  pnbllc  teoeb^r,  ud  the  raeoAM  of  tha 
r  tiwdM^  render  tt  oerUUi  th^t  th«  **  Tott-hook  "  will  be  edmirsblj  edepted  to  the  wsnU  of 


In  the  "Text-book,*'  ell  Important  polnte  «»)Dected  wtih  Uomen  Thf^logj  srt  tre«t#d  of 
AkUjr  end  oleerlj-,  and  men j  e abjedi^  tndi  ee  the  Kerrooa  SysUai,  Ihe  Speclel  Beniee,  etc,  th* 
IrMtment  of  which  le  barren  end  nneetlefiujtofT  In  tneiif  worke  written  or  raptibllBhed  la  thl» 
•OODtry,  ere  hroqght  M^  up  to  the  roqiilrcmonte  of  the  dey. 

Tbe  pubUehert  here  given  gvmX  ettentloa  to  the  es«eutiO(Q  of  the  {DaetimtioDet  hw  of  which 

ere  Ikmifier  to  Amerioen  reeden.    It  being  ehnoet  Iznpoeilble  to  repnidnoe  lome  of  tba  eut« 

Imken  fh>in  fbrdgb  worke,  tbej  bere  moceeded  la  obtaining  ebroed  eboat  one  hundred  electro- 

I^IIMM  fhita  theodgtoel  engreflngi  eontelned  In  Seppey'i  greet  work  upon  Anetotny,  wbloh  ere 

f  «MqQeled  la  their  mechenSoel  execution.    The  lahyecl  of  OeoereUoo  le  tJao  tOoetrated  bj  tttho 

gnpUe  pletee  taken  INwi  Beeokel 

The  greet  cere  nececaoij  In  the  printing  of  the  elahofate  IDaetntJooe  hoe  aoeed  en  nniTold 
able  delay  to  the  eppeacwoe  of  tbe  work  \  but  tbe  pobUabert  IImI  «oiiJld«st  that  It  will  ftiJiy  meet 
■  Ihelr  ezpectetioDS^  and  Juetlfy  tbe  reputation  of  tta  aalhor, 

epartng  thin  text-book  for  the  ii«i  of  ttodenti  rad  ntmetitiooece  of  medldnes  I  have  e«* 
I  to  edApt  It  le  tbe  wadU  of  tbo  profoaeloD,  m  they  have  appeared  to  me  after  a  oon^lder- 
.erlenoeae  a  nublio  tooohiT  of  bnmftn  phyetologj^  My  la^  treedBe  tn  five  rolamea  le 
I  OfOideiieedi  and  I  bare  omftt«d  blblioprepbloal  ollatSoii*  and  matter!  of  porely  htltoirtcal  In- 
^  Many  eatifjefftat  whteb  were  oomtderea  ntber  «lebormtely  In  my  larger  work,  are  hew 
Bted  In  a  mneh  more  ooDdet  fbrnu  I  hate  eddod,  alao,  nmnerone  lOuetratioojv  whkh  I 
I  mMT  Vghten  the  labor*  of  tbe  itodent  A  ftw  of  theee  are  oHglnat,  bot  by  Ihr  the  gieateit 
hae  heen  eetected  from  reliable  aathorttlea.  I  hare  thoitght  It  not  wUhoat  uatorJeallativett 
>  repft)dooe  exactly  aom«  of  the  daaelcal  eogrsrliifs  fhuo  the  worke  of  great  dlaooverot,  meh 
I  lUtietratlooi  ooDtalncd  In  the  original  edltlont  of  Fabrldoa,  Karvey,  end  AaelBai  In  addttloQi. 
[  bave  reprodueed  a  Ibw  of  the  beeutlftti  toloroeoopleal  pbotoirrapbe  taken  at  the  United  Statit 
"  ny  Medical  MtteeucD,  tinder  the  dlrecUoD  of  Dr.  J.J.  Woodward,  to  wbom  I  here  ezpreee  my 
'^f&l  ecknowled^pncnti.  X  ba-re  also  to  tbank  M.  Banpey  far  bU  klDdncaa  In  f^mtehlng 
otypee  of  many  of  the  toperb  engmTlnge  with  which  his  greet  work  upon  Anatomy  ta  lUtti- 

*  Mr  work  In  five  yolacoei  was  Intended  ee  a  book  of  refbrenoe,  which  I  hope  wis  oontlnne  ie 
be  neenil  io  thoee  who  deefan  an  aoeoanc  of  the  Uteratore  of  phyitolatfT,  ae  well  ee  a  etaAeoieBit  of 
thtf  fUcte  of  the  edence.  I  have  always  eDd«aT«r«d.  In  pabHe  teeedog,  to  atold  gfvtng  oadoe 
pronttnence  to  potota  In  whleh  I  might  myeelf  be  particularly  Lotereeted,  from  baring  made  thv^m 
•objects  of  ap«<:ial  atudy  or  <^  orhrlnal  reaearoh.  In  my  ttxt-bot^k  I  bare  carried  out  the  eomir 
~*^  ^  etrfrtne  to  teach.  vyetemaUcaUy  and  wlUi  onlform  emphaala,  what  itndcDta  of  medldne  are 
d  to  Team  In  pby«lology,  and  avoiding  elaborate  diecuaalonfl  of  aubjeote  not  directly  con 
with  pTucUcal  medicuie,  aorvetj,  and  obetetriee.  WhU«  I  bave  referrod  to  my  original 
atSona  upon  the  looUfon  of  the  senae  of  want  of  4$r  In  tbe  general  system,  the  new  es- 
r  (UncMou  of  the  Uver,  the  fUnottoo  of  glyoogeneeta,  the  Influence  of  m oscular  escrelie  ap<«n 
mlnation  of  tuee,  etc^  I  have  not  etinikleired  the«e  eubjects  with  great  minnteneea,  and 
vgeiMrallv  retered  the  reader  to  mooognphi  Ibr  tho  detnUa  of  my  espoimeota. 
*flitaQy,  m  presentliig  this  work  Co  the  medical  prollBaaian,  1  cannot  refimUi  from  an  ezprea^ 
9f  tar  fecknowledgmenia  to  the  pubUeherii,  who  have  apared  nothing  In  earrytng  out  tny 
I,  and  have  devoted  speolal  pittia  to  tbe  mecbantcal  execution  of  the  iaiistratlooa'*^^iiMof'4 
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FLINT, 

On  the  Physiological  Effects  of  Severe 

and  Protracted  Muscular  Meercise,      With  special  rtfer- 
ence  to  its  Influence  upon  the  Excretion  of  Nitrogen, 
By  AUSTIN  FLINT,  Jr.,  M.D., 

ProlV««OT  «f  rbfstology  Id  Ih^  BeDevne  Ho«plUl  ModlcAl  Collepe^  5t«r  T«k,  tte^  •te. 
1  ToL,  8vo,    91  pp,    Cloihf  $1.00. 

e  rfllAtlolU  of  UreA  to  ExerclBc  in  tfa«  resul 
I  Ihe  CAM  of  Mr.  Edward  Pavfroii  Weston,  tbc  c-^'kbrauvl  padettrian.    Hm 


Ttal9  mooogrmpb  oo  the  nslAtloiiJ  at  UreA  to  ExercLBc  \m  tfa«  result  of  a  thoroQfh  ad4  CV^ftlJ 
VMtJ^iloo  iu«ae  Ld  Ihe  cam  of  Mr.  Edward  Pavfroii  Weston,  tbc  c-^'kbrauvl  pedettrian.    TIm 
ehmtcal  ftBiklyMA  wera  nude  ander  the  direction  of  K.  O.  Dtiremoa,  M.  D.,  Profvcior  of  ChMillUtrj 


■tid  Tmdookig?  Is  tb<  B«Ilcvuo  IlaipltiLJ  M«lkat  Co^aire,  br  Mr  Obcut  Loew,  bti  Mvlntut.  !%# 
obftftrvKtloiu  wera  madu  with  the  coi^peratliMi  of  J,  <X  I>aItoD,  M.  D^  ProfeiMir  of  Phy  tlolMj  ta 
tba  OoUeff«  of  PhjstcUnfl  ^nd  Sunrt^oas;  AJ^xand^r  B.  Mott^  Bl  D^  ProfMMr  of  Surslcal  Jtut- 
omj;  W.  II.  VaD  &ur»n,  M.  D.,  Profeasor  of  Pkindplei  of  Sargwy;  Aiutli  Pilot,  It  D.,  Pft^ 
fvaaor  of  th«  Prfndplet  tfid  Pnuslkt  of  M«dieln«;  W.  A.  lUnmicmd,  M.  D..  PrahMor  of  Dtmii 
of  th«  Mlod  Aod  Nervoua  SystMn— «11  of  tlie  B«Ue?uo  Uosplul  Medical  Oolbgv. 

''Thla  work  will  bo  found  LateraetlDg  to  eveij  pbysletan.    A  number  of  ImporUnt  rtttdli 
were  obtfttacd  raJuabk  tv  (b«  fUyilolv^tt."— Ortcirt/iafi  Medicai  B*j*ertorf. 

HAMILTON. 

Clinical  Electro -Therapeutics,  {Mcdicaiana 

^Surgical)     A  Manual  for  Physiciam  for  the  Treat/neni 
more  especially  of  Nervom  I>tseas€S, 

Bj  ALLAN  MoLANE  HAMILTON,  M.D., 

rbytldan  tc  charff»  of  tha  New  Tort  8Ute  Hiiapltal  for  Diseases  of  t)i«  Kcrroos  Srilem ;  Uem- 
ber  of  the  New  York  Ndiirologteal  and  Oocmty  Mt^dlcmI  Societies,  «tc,  «tD, 

With  Numerous  HloitrAtloiis.  1  7ol,,  8to.  Cloth.  Price,  $2.00. 
Tbift  work  1a  tha  compiUtioo  of  well-tHed  meaanrei  and  repnrtiMl  etaea,  and  ta  lotoailed  M  M 
•tiDpW  g\t]dt<  fur  tho  gdD«tiil  praetitlaaor.  It  la  aa  fbee  Uroni  etULftiabSf  thaorioi,  led^eoJ  temii^ 
and  unproved  stnt^manU,  >s  po«alble.  Electricity  Is  Indorsed  aa  a  vary  Taluat^  nmedj  ^  c**^ 
ttl&  d]a«as«a,  and  aa  ao  iDvoluAbl^  therap^'utiical  tneans  In  DO^ly  aU  romts  of  NsBiroin  Dukasi; 
but  not  aa  a  Bp«dLQc  fur  erery  hanuui  ill,  moobkl  uid  pUyaical 


HAMMOND. 

Insanity  in  its  Relations  to 

Text  and  a  Commentary, 

Bjr  WILLIAM  A.  HAMMOND,  M, 
1  70L,  8to.    77  pp.    doth,  SI. 00* 
"  A  pari  of  tUa  auay,  onder  tb«  UUo  *  Bod 
MagoMine^  fbr8eptomb«r,  1870.    Tba  groatar 


Crime. 


'  A  pari  of  tUa  auay,  onder  tb«  UUo  *  Bodety  Mnm  Insanity/  waa  eoDtrlbolad  to  PutmaiC§ 
7a2in«,  fbr8eptomb«r,  1870.    Tba  groati         "     *  "  .....     —     . 

th«  sabjeot  oonaldistred  can  aearccly  b«  Ofvr-4 


ly ;  M^ 
Prtfm 


tor  portloo  la  dow  first  publfsbed.  The  ImportaiMi  of 
-ektmated,  whatbar  we  rofafd  It  frora  tbe  ataod-poliit 
>  atdad  la  Its  eluddatloo,  my  otfjeel  wlU  baTt  boa  al- 


Clinical  Lectures  on   Diseases  of  the 

Nervous   System,      Delivered  at  the   Bellevue  Hospital 
Medical  College, 

By  WILLIAM  A.  HAMMOND,  M.  D., 

ProMaor  of  Dtaeaaea  of  th«  Mind  «i4  ITerroaa  Byatein,  •te.    Edited,  with  Kotea.  b»  T.  IL  1^ 

CSOOa,  H  D.,  Asalstaat  to  the  Obalre  of  Dlaeaaet  of  tbe  Mlod  and  Ner^ai  Syvtam,  «t«. 

In  dnft  haiidflom*  yolnme  of  300  pAg«t.    Prioe,  §9.50. 
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HAMMOND. 

A  Treatise  on  Diseases  of  the  Nerv^ous 

System. 

Bt  WILLUM  a.  HAMMOND,  M.  D., 

n«teior  of  DtMues  of  the  Mind  and  Vervous  STStem  in  fbe  Modioli  Dopartmont  of  tho  UnlTar- 
dty  oftho  CItgr  of  Now  York;  PresldeBt  of  tbo  Now  Tork  Voorologlcal  Bodotj,  ote.,  oto. 

flbcth  Mdition.    1  yoL,  8to.    Strong  Cloth  Binding,  t6.00;    Shatp,  $7.00. 

Tho  reiDMkablo  tuoeoss  ottondtnt  on  the  Ibioo  of  the  fire  previous  editions  of  this  woik  la 
Isis  than  faor  jmn  has  enoooraged  tho  aathor  and  pnhUf  hers  to  attempt  to  make  the  work  stiD 
more  worthy  tho  oonfldonce  of  tho  medloal  profiMsion.  A  great  part  of  the  troatiflo  has  been  en- 
Uraty  rewritten,  and  soreral  new  ohaptera  hare  heen  added.  By' a  ehange  In  typo,  and  enlatging 
tho  page,  the  new  matter,  amounting  to  one-half  of  the  original  woik,  haa  been  added  without 
Ineraaslng  materially  the  bulk  of  the  volume.  Many  new  illuatrationa  hare  been  incorporated  In 
fho  text,  and  tho  whole  treatlao  has  been  brought  Ailly  up  to  the  present  time.  In  addition  to 
fho  ftmd  of  personal  obserration  and  experience  adduced  by  Profl  Hammond,  the  labors  of  Eng- 
Bsh,  French,  and  Qerman  writers  baTO  reoelTed  due  attention. 

Among  the  diseases  considered  in  the  present  edition,  which  were  not  treated  of  In  tho  ibrmer 
editions,  are :  ChronieVerticalar  Meningltla;  Cbronle  Baailar  Meningitis;  Cenrical  Paohy-Men- 
Ingitia;  Spinal  Psra^fis  of  Adults;  Amyotrophic  Lateral  Spinal  Sclerosis;  Fsdal  Atrophy; 
Organio  Diseases  of  Nerres;  Chronle  Alcoholic  Intoxication;  Ddlrinm  Tremens;  Exophthahnie 
Goltro;  and  Anapelratio  Paralysis— paralysis  induced  by  a  frequent  repetition  of  oertaia  muscular 
aotloos.  Besides  whkh,  extenstro  alterationa  and  additions  hsTO  been  made  to  the  Umarks  on 
other  ailbctions~the  departments  of  Morbid  Anatomy,  Pathology,  and  Treatment,  bolBg  eepo- 
tlaDy  amplified. 

NOTICES  OF  FOBMEB  EDITIONS. 

■*  Free  from  useless  TorUage  and  obscurity,  it  is  eriden  tly  tho  work  of  s  man  who  knows  what 
hi  Is  writing  about,  and  knowa  how  to  write  about  Xt^^  Chicago  Medical  JoumaL 

**  Unquestionably  the  moet  complete  treatise  on  the  diseaaea  to  which  It  la  dorolsd  whioh  has 
y«t  appeared  in  tho  English  language.*"— JLofMtofi  Medical  llmee  and  GaxeUe. 

'  **This  is  s  Tshiablo  and  oomprebonstro  book;  it  embraees  many  topica,  and  extends  ofor  a 
wido  sphere.  One  of  the  most  TshiaMe  parte  of  it  relatos  to  the  Diseases  of  the  Brain;  while  tho 
rsnatning  portkm  of  tho  volttmo  treata  of  tho  Diseaaea  ot  the  Spinal  Ootd,  the  Osvsbro-splnal 
Qyitom,  the  Nerro-GeOs,  and  tho  Peripheral  Nerroa.'*— J9ri/iiA  Medical  Jtmmak 

**The  work  belbre  us  is  unquestionaUy  tho  most  oxhaoatiTO  treatiae,  on  the  iJissssss  to  whieh 
It  Is  dcTOted,  that  has  yet  appeared  in  Entrllsh.  And  its  distlnctlTe  valuo  arlaes  from  tho  fret 
that  the  work  is  no  mere  rqfflciamenio  of  old  obserratlona,  but  rests  on  his  own  experience  and 
practice,  which,  as  wo  have  before  obaerved,  have  been  Tery  extenslTo."— iUn^rican  Journal  pf 
SjffiMloffraphif, 

*'Tho  author  of  this  work  has  attained  a  high  rank  among  our  brethren  across  tho  Atlantic 
from  previous  labors  in  connection  with  the  disordera  of  the  nerroua  system,  aa  wdl  as  from 
various  other  contributions  to  uiedlcal  literature,  and  he  now  holds  the  official  ap|M>lnau«tnts  of 
Fhysidan  to  the  New  Tork  State  Hoapltal  for  the  Dfaeases  of  tho  Nervous  System,  and  I'rufessor 
Ofthe  same  department  In  the  Bcllevue  Ilospltal  Medical  College.  The  praaent  treatiae  ia  the 
fruit  of  the  exporienoe  thua  acquired,  and  we  have  no  healtatlon  In  prononnoing  it  a  moat  valii- 
ahlo  addition  to  our  aystemasie  liteniture.'*— (Ttospiow  Medical  Journal, 
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HOFFMANN. 
Manual  of  Chemical  Analysis,  a^  apj^fd 

to  the  Examination  of  Medirinal  Chemienh  and  Uieir 
Pt*eparatiOna^  A  Guide  for  the  Detertnination  of  tJulr 
Identity  and  Qualilt/j  and  for  the  IkUrthn  of  Impuri- 
ties and  Adulter  (it  ions.  For  the  nae  of  Phannaceut  ist^^ 
Phyaicians,  Druyf/ists,  and Mannfnctiiritni  t'h*  ntiM,<,  o}td\ 
Pharmac€u(ic(d  and  Medical  Students 

By  FRED.  UOFFMAN'N,  TmL.  D. 

One  TOl.,  8vo.    Eiclily  lUtutrftted.    Cloth.    PHc«.  $3, 


"  rhU  yo)iifn4i  \b  II  enrf>f^i%-prtrpar^il  vfntk,  fttid  welt  np  to  tlM>  (^slitlfig  fttit*  of  totli  ths  i ,— , 

oMiwrt  of  mocl^ni  phftrniAry,  It  U  a  t»oo%  whkh  >vlll  flrul  lt«  plji<f  In  tr^ry  mt^ieti  mod  Ji^bar^ 
OweiHilk!*!  Ubomeofy  «hd  library.  Mod  l«  n.  )UiA«  *n«l  Innlroctlve  btjMo  to  mrflc*)  ftudAoli  tind 
pnratlOBtfa  Wmu^kisn  '^—Arturifun  JmtmHl  i^fSrienc^  and  AHm. 

I!  this  \rnrk  hin  alrfudy  met  with  jrcncr&l  ami  unqUAJIflcd  ipprorik] ;  And  In  BQn  , 
I'  v^l««OTii(>d  na  uuo  uf  the  tMPjtt  wiict  inae^t  UuporUat aditUtoiiA  to  modern  pliiniiMVil 

Send  for  dencHfitlte  circular.    Addrcsa 

D.  APPLETON  &  CO.,  549  &  551  Broadway.  H.  Y.  City, 
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HOLLAND. 
Recollections  of  Past  Life, 


Bj  Sm  HENRY  HOLLAND,  Btrl.  IL  D..  F,  R.  8^  K.  a  B„  etc, 

Pl«Afdeiit  of  the  Bojil  tuttitatloD  of  Qr«4t  BrlulQ,  FbyalcbuKln-OrdLnArj  to  ihic  Qoven* 

otc,  etc 

I  vol.,  ISaOf  351  pp.    Pride,  Clothe  $2.00. 

A  ▼•ry  «DtertAUtUi£  ftod  l&»tJiiclJre  narmtlve,  partAldri^  MmewhAt  of  the  nature  Of 
tfitoblogrtphj  and  j«t  distinct  from  it,  In  tbb,  tUat  lU  chief  objeet,  as  alleged  I);  tkt 
wHIar,  ia  not  to  mach  lo  rocotmt  the  erenLi  of  bit  owa  lllte,  aa  to  perform  tbe  oOee  of 
chroulder  for  other*  witli  wbom  bo  CAine  La  ooatact  and  wta  Ion;  aaaocUted. 

Tho  ** Life  of  Sir  Henry  Sollaod  *'  la  one  to  be  recollected,  and  he  haa  not  erred  In  glf^ 
In^  an  oalllne  olli  to  the  public/^— ?7^«  Lanc«i, 

"  Hla  memory  waa^-ta,  wo  may  mt,  for  he  la  sUll  aHvc  and  In  poaeeiilon  of  all  hti 
fbCiiHiea— atored  with  recoHectlonB  of  the  tnoet  eminent  men  and  women  of  this  ces* 
turr.  ...  A  life  extending  over  a  period  of  elf^htj-fonr  jean,  and  paand  lo  the  moot 
active  manner.  In  the  midit  of  the  beat  aocictr,  which  the  world  baa  to  offer,  moat  necea 
aarlly  be  fbli  of  singular  Intereat ;  &mi  Sir  Henry  Hollaad  haa  fortonatelv  not  waited  nntU 
hie  momory  loat  lU  rreebueia  before  rec&lll&g  eome  of  the  iocSdexite  In  It*^— 21l<  iVew 
Tork  Umti. 

HOWK 
Emergencies,  and  How  to  Treat  Them, 

y7*e  EttQlogi/^  Paihohgy^  and  Ttto^mmt  of  Accidenis^ 
DUeases^  and  Cases  of  Poisoning^  which  demand 
Prompt  AUetUion,  Designed  for  Students  and  Prac- 
titioners of  Medicine, 

By  JOSEPH  W.   HOWE,  }L  D.. 

Bakal  ftofcaaor  of  Sofgery  in  the  Uedleal  Department  of  the  Unlrerflity  of  New  Yoifc 

Tlaitlnr  Snrcmni  to  Charity  EeaptCal;  Fallow  of  the  New  York  A«sademy 

of  if edlclne,  etc,  ete. 

1  TOl.,  8vo.    Clotll,  tS.OO. 

**ThIi  work  haa  a  takioff  tltk^  and  waa  written  by  a  gentlemen  ef  acknowledged  abUl^,  lo 
1  o  void  hi  the  prof^ioa  ...  To  the  general  pnetltfoiier  la  U»wq%  vfilai^  and  In  th« 
jiqNy  where  Che  aid  and  moi«l  eopport  or  a  oonaultAtlon  cannot  be  availed  eC  thli  rolnnie 
MDm  reoognlaed  la  a  rahiahle  help.    We  commend  it  to  the  prolhaalon.— (XAofA»al4  Lai%04( 
uiui  rtfuerueir- 

**  Thia  work  la  eertainly  novel  In  cluinioter«  and  Its  cuefiilneea  and  aeeeptahtllty  are  ai  mvked 
ae  Ita  novelty.  .  .  .  The  book  la  oooildeatly  reeommendod.**^J2l0A«i4mci  and  Loui4vilU  Mtd* 

tcai  Journal, 

**  ThlB  Tolome  la  a  practloal  tltaatration  of  the  poaltlw  aide  of  I3ie  phjalelaB^  liAi,  a  eonatanl 
lemlnder  of  what  be  la  to  do  lo  the  sudden  emergendaa  which  ftvqueotly  ooear  In  praolioe. 
.  .  ,  The  author  waatee  no  worda,  bat  devotee  hlmaeir  to  th«  description  of  each  diiaxiae  aa  lif 
tb»  patient  were  nsder  hla  faandt.    Becanae  It  ia  a  nod  book  we  recommend  It  moat  heartily  te 
the  prottaailon/'— .Soitfofi  Medical  a%4  Sm^ffieai  JdwnAl, 

**  Thla  work  beairt  evidence  of  a  thorongh  pnotlea]  aeqnalntanee  with  the  dlfl^erent  brttMdMi 
[  of  the  profbealoa.    The  author  aeema  to  poaaeaa  a  peoollar  aptitude  fbr  Impertiiig  Inatmeliol 
'  M  weO  aa  fbr  elraphMnK  tedlooa  detalla.  ...  A  earefbl  penual  will  amply  repay  the  atodflU 

and  nniotJtloner.'— *v«w  ror*  JTeiiioa*  Jcwfioi."  .      „    .  -  ...... 

-  Tbla  la  the  best  work  of  the  kind  we  have  ever  seen  "— *V«e  York  Journal  ^  Pffff^otoffteai 
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HOWK 

The  Breath,  and  the  Diseases  which  give 

it  a  Fetid  Odor*     With  Directions  for  TVeatment, 
By  JOSEPH  W.  HOWE,  M.  0., 

Vtlior  of  **  Ein«rz«Dotc&,**  '*  Winter   Koaie«,'*  etc ;  Cllnlcftl  ^rottnat  of  Surgery  In  tlw  Mftdlrml 
|>0putmeiii  of  Uie  UDUcrshy  of  New  Turk:  Visiting  Burton  U>  QLarity  uid  8i,  T 
HoaplbU*;  Ff»Uow  of  Ui«  New  York  Acftdumy  uf  Medicine^  etxa, 

**  It  1»  iomowhi,!  remArkabl«  that  the  subject  of  fetid  brtftth,  wbkh  occMinni  ao  tnneb  i 
«iioe.  .  .  .  ahotild  tuive  attnirilod  m  Uttla  attentlan  (torn  aathdrs  an*l  lnTG»tlgutor«,  EI«D<«'i  ] 
thoron^hly  Ack^titlllc  expoftitlon  of  tti«  whole  tubjoet,  luch  u  Dr.  Howe  ho*  ^ven  a%,  ba*  tonf  | 
b(M!D  a  (lesld«ratuiti.  .  .  .  Thl«  HitJ«  voinaie  wall  deMrrci  tlM  Attentkia  of  itb/ilciiuiAi  to  whiooi  7 
we  oouiiiiend  k  ino«t  hijfhiv."— f^twijTf*  Mf*ticaf  Jot/rnoL 

*" ,  .  ,  To  oajr one  iTitf err  '  *! "  "  ;  *horU)  hts  own  person  or  Is  tl»t  of  bto  ItitJ- 
miitA  fteqiiaJiitaDce«h  w«  ear  txiotAinlog  all  that  Is  koown  oonctfroluf  tlM  | 

■ub)ect,  6et  forth  In  ft  pleftib^  ^  i/AiJoo/ >l#n««. 

'•Thll  llttJo  work  is  on  a  iui.iiv  ;  rn;i:  r  ;^^  a»:Ti'H>ior«  bfun  AliUOiit  efjt'     '     '  .1  by  mMlc*!  ' 

«itbor»,  yet  1t»  tm|>ortaDoe1t  w*»U  known  by  ervrj  nr»ctiUoni»ir*  .  .  -  T  -^  h  lOiWnot  | 

•eeount  of  the  dlMoeed  «ODdiUoD»  In  wbicb  b  fetid  hreiitb  Ij  ah  Lm^M  urn,  wiLb  Uli  1 

metbod  of  tr«atmeat    We  cooiader  the  wodt  ft  real  addltliHt  to  mediical  lueraturc.  -^cWfweimttH  j 
Mtdicat  JowmaL 

HUXLEY  AND  YOUMANS. 
The  Elements  of  Physiology  and  Hy- 

g^iene.     With  Numerous  Illustrations, 

By  THOMAS  H,  HUXLET,  LUD.,  F.R.8.,  and 

WILLIAM  JAY  YOUMANS»  M,  D. 

New  and  Beviied  Edition.    1  vol.,  12mo.    420  pp.    11.75. 

A  liEt-book  for  #MlnriitlnTml  lr^•Ttti^tl.lln^,  nf^A  n  vi^^mibl*  ekrnierttflrv  wnrk  f«*f  •f*i'lM»fe'>f  p 

due.    ThiJ  gr     •   -       -  '    '  •   '*     '     ^(Jf  titiiloy,  n  '  "      '^     '      " 

tinrumet»nrt>^  >n.    Tlw  i?ii 

|<*Tir**  "  Rli'TTirM  I  ho  ttiiica,  il 

1'  iiltA  tbut  ftro  oatablifthed,  and  repniseau  tbo  pn»ent  w*tU&l  AUte  of  jii)yiiiuUi|;^lcd  j 

-r-trlbutlon  to  onatotnteftt  end  phvsiolnclea)  «drac«.^ — RsUffiouM  7WMeo/i#. 
arranged  ivork,  embmcltiif  tbe  Uiloftt  dbcoverlei  and  Accepted  tJMtcieft^"— 

^  l«euuu(j  1%  iku  uiibmifltloD  ooDOfR^Ing  tbe  bumau  pbyik&l  economy.^— iTrentCn^  J^ttmoL 

HUXLEY. 
The  Anatomy  of  Vertebrated  Animals. 

By  THOMAS  HENRY  HUXLEY,  LL.  D.,  F.  R.  S., 

AaUior  of  **MAa'B  FUee  In  Natttre,"  ^  On  the  OHgtn  of  Spcd«i,**  **  Xaj  Sennosi  aad  Add/tiWi,* 

etc. 

1  ToL,  IJ^o.    ClotlL,  12.50. 

The  former  wot%»  of  Vmt  Hiuctey  Wro  n>i  n^m  for  doubt  ns  tA  the  Importanea  ftiid  valut  of 
llli  new  rnlitrne.  It  It  titM  wblcli  wlQ  be  wry  auceptabW  to  ill  wbo  are  iBtereeted  Ln  the  autjeflt 
of  Wbtcb  ti  LrtmtA. 

»'i'|n<<     1..r..r.,<Trk.^<-^^.t     Wi^rtr     u  111    S/>    <«or.li!ittv    iir.*1rnitTi>/|     FtV   till    ntliiUdtd  nriil    t^nrhnrS   rif   r>OTn* 

pamtiv*  moal 

eouiK<  "f  "O 

»'•»'"""■  i    .«.:  i«j  »af 

Ih  I   foruitni  «1  II;  »tid  ibal 

K  tbe  eJaac,  adcurotav  and 
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JOHNSON. 

The    Chemistry    of    Common     Life. 

Illus^ated  with  numerous  Wood  Engrcmngs. 

By  JAMES  F.  JOHNSON,  M.  A.,  F.  B.  S.,  F.  Q.  8.,  ixo.,  bto, 

Aafttr  of  *'Laotant  oa  Afrieoltana  Ohemlstry  and  Geology,"  "A  Oitaohim  of  Afrieattonl 
Ghomlttry  ud  Qeolofj,**  eto. 

8  Tols.,  Itno.  01oai,$8.00. 
It  has  been  the  object  of  the  ftathor  in  this  work  to  exhibit  the 
present  condition  of  chemical  knowledge,  and  of  matured  scientiflo 
opinion,  upon  the  subjects  to  which  it  is  devoted.  The  reader  will  not 
be  surprised,  therefore,  should  he  find- in  it  some  things  which  differ 
from  what  is  to  be  found  in  other  popular  works  alreadj  in  his  hands  or 
on  the  shelves  of  his  librarj. 

LETTERMAN. 

Medical  Recollections  of  the  Army  of 

the  Patomao. 

By  JONATflAN  LETTEBMAN,  M.  D., 
LiU  Burgeon  U.  8.  A^  ud  Hadioal  Dtreetor  of  the  Armj  of  tb*  Potomaa 
1  Tol.,  8to.    194  pp.   doth,  $1.00. 
**  This  account  of  the  medical  department  of  the  Armj  of  the  Poto- 
mao  has  been  prepared,  amid  pressing  engagements,  in  the  hope  that 
the  labors  of  the  medical  officers  of  that  armj  maj  be  known  to  an  in- 
telligent people,  with  whom  to  knot?  is  to  appreciate ;  and  as  an  affeo 
tionate  tribute  to  manj,  long  my  zealous  and  efficient  colleagues,  who, 
in  dajs  of  trial  and  danger,  which  have  passed,  let  us  hope  never  to  re- 
turn, evinced  their  devotion  to  their  country  and  to  the  cause  of  hu- 
manity, without  hope  of  promotion  or  expectation  of  reward." — Pr^aee, 

**  We  Tentare  to  assert  that  but  few  who  open  this  Tolume  of  medical  tmiak, 
pregnant  as  they  are  with  instmctlon,  wiD  care  to  do  otherwise  than  finish  thssi 
at  a  sittmg."— JfcdiM/  lUeord, 

^  A  graceAil  and  affectionate  tribute.**— i^T.  7.  Mt^^cd  JcumaL 

LEWEa 

The  Physiology  of  Common  Life, 

By  GEORGE  HENRY  LEWES, 

Author  or**8«MkU  Stndki,*  •*LUb  uf  Goetb^**  •feo^ 

8  Tols.,  ISmo.    Cloth,  $8.00. 

The  object  of  this  work  differs  from  that  of  all  others  on  popalar 

•oknoe  in  its  attempt  to  meet  the  wants  of  the  student,  whfle  meeting 

those  of  the  general  reader,  who  is  supposed  to  be  wholly  unacquainted 

with  anatomy  and  physiology. 
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MAITDSLEY, 
The  Physiology  and  Pathology  of  the 

Mmd. 

Bt  henry   MAUBSLET,  1L  D.,  London, 


Fellow  of  lb*  Bof  ftl  Collcj^e  of  PhjsleluiB ;  ProfbMor  of  Hedleal  JorUprndane*  In  UnlTflrflltr  O 
lcg«,  Loodun;  PrMldent-clect  of  ihe  Medloa-PiTcbttSoffteal  AMocl^ikm;  Hooowry  MamW  „ 
ttM  Modieo-riychologlcal  Bodetj  of  PMi*.  of  Ui*  tmpttrUI  Sodetr  of  PliTflduu  of  Vkni^ 
KDd  of  Um  Bodetv  for  the  ProGDOttoo  of  Piychktry  and  Foruulo  Pigrcbolagj  of  TteBBA; 
fbnD«r^  E«aideiit  PhjEldaii  of  Um  H«sebett«r  fioyv  LooAtic  A«jrhim,  ate,  olo. 

1  TOL,  070.    422  pp.    Cloth,  13*00. 

Tbta  work  alms^  in  the  first  pluoe,  to  treat  of  mental  phenomena  from  • 
physiological  rather  than  from  a  metaphysical  point  of  view ;  and^  decondlj,  tq 
bring  the  manifold  InstructlTe  initancet  presented  by  the  unsound  mind  to  1 
upon  the  bterpretation  of  the  obscure  problems  of  mental  science. 

^  l>r.  MaodBl«y  hu  had  tb<  ooonifo  to  aodortako^  and  tbo  ikUl  to  ezieote^  what  U  at  iMrt 
JCofftlftlL  an  ortefiiAl  «iiterprl«e.''— JLo^wt  Saturday  BfvUw. 

^  It  Is  CO  fkill  of  scQalbfe  nifleotloBfl  and  aoimd  tratha  that  tbetr  wtdo  diaaeinliiatioo  ooold  i 
but  be  of  b«neflt  to  all  thloklnf  peraoas."*— ^iVyeAo^ogJcoif  Journal. 

**  Diiqaaatitiaably  ooa  of  laa  abl«*t  arid  moit  Imoortaat  works  on  the  itibject  of  whSeh  1 
traala  that  haa  ever  Rppearadi  and  do«a  credit  to  bSa  phUoaophlcal  aeumaa  and  accarato  oT 
^tmr— Medical  Mteord. 

"  Wa  lay  down  tlia  book  WiUi  admiratioz^  aod  we  commend  It  moat  amiestly  lo  oor  i 
at  a  work  of  extraordinaiy  meitt  and  originality— oae  of  Ihoae  prodttOtlOBi  that  are  ovolred  < 
oeeialaiiaUy  to  the  lapae  of  rears,  and  that  t«m  to  mark  actoiJ  and  very  dodded  adraotiipM  I 
koowled^  and  tdeoc©,"— ilT.  Y,  M^ieal  JoumaL 


Body 


and  Mind  :  An  inquiry  into  their  Cof^* 
nekton  and  Mutual  Ir\fluenc€^  especially  in  r^erence  io 
Menial  Disorders;  an  enlarged  and  revised  edition  io 
which  are  added  Psychological  Essays. 

By  henry  MAUDSLEY,  1L  D.,  LoiTOOjr» 
Author  of  **Tb«  Fhyatolo^  aad  Pathology  of  the  Mind."* 

1  ToL,  l2mo.    155  pp.    Cloth,  $1.00. 

The  general  plan  of  this  work  may  be  described  as  being  to  bring  man,  both 
in  his  phyiiical  and  mental  r^tiotis,  as  much  as  possible  witmo  the  scope  of  tci- 
entiSc  inquiry, 

**  A  repr«««Qtatf  TO  work,  wbldi  erery  one  mast  stady  who  dealrea  to  know  what  la  dola;  te  the 
way  c 

-J 

Responsibility  in  Mental  Diseases. 

Bt  BENRY  MAUDSLEY.  M.  D,.  Lokdox, 
Aatiwr  of '*  Bod;  end  Mind,**  "*  Phyilcilogy  sad  Patholofy  of  tha  ^ad.* 

1  ToL,  12mo*    318  pp.    Cloth,  il«50. 

**  This  book  Is  a  compact  preaeotatloB  of  thoM  Ikett  and  prtndploa  which  raqoln  to  bt  I 
hito  aMotuit  la  estlmathif  honiaa  reepoDaIbIllty^->iiot  tegal  respoasIfalUty  m«raly,  hot  i    ~ 
Ullly  for  ooDdoet  la  the  Jkmlly,  the  school,  and  aQ  phaaai  of  eodol  relatloo  la  which  o   _ 
eaten  as  an  eletnent.    The  work  b  new  In  plan,  aad  was  wrltteo  to  lapply  a  wlda-ftlk  \ 
fibteh  hai  not  hltlu rto be«&  met"— f^ Popmr8e«mm Mmihl^. 
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MEYER 
Electricity  in  its  Relations  to  Practical 

Medicine, 

Bj  Da.  MORITZ  MEYER, 

Bojral  OooiiMllar  of  Eedth,  et«. 

limiiAUit^  ttom  Hie  Third  Oermazi  Edltioit,  wltli  Noto#  ind  Addlttoa^ 
A  New  and  Beviaed  Bditlon, 

By  WILLIAM  A.  HAMMOND,  M.  D., 

fMlbMOr  «r  DlMUM  of  the  Miod  aiid  Kanrooi  Sritem,  Bud  of  QlaleAl  H^dldlM.  to  tbtf  Bdlifii« 
HoiptUi  Medlttl  CoUcfe;  Tloe-PrMldcot  of  the  Academy  of  Meotil  BcietKMf^  NtttomJ 
iMStoto  of  L«tter»»  Arte,  mod  Sd«iuj«i;  I»t«  Sai^cvoD-OuQei^  U.  B^  A^  eta 

1  VOL,  ayo.    497  pp.    Cloth,  |4,60. 

^^t  IB  the  duty  of  every  physician  to  »tudy  the  aotloa  of  electricity, 
to  become  ncqaainted  with  its  viJae  in  tberapcatics,  and  to  follow  U^ 
Improvements  th&t  are  being  mode  in  the  apparatna  for  ita  application  in 
medicine,  tbat  he  may  be  able  to  choose  the  one  best  adapted  to  the 
treatment  of  individual  cases,  and  to  test  a  remedy  fairly  and  without 
prejndice,  which  already,  especially  in  nervous  diseaaes,  has  been  mod 
witb  the  beat  results,  and  which  pVomisee  to  yield  ao  abuadant  barvoil 
in  a  Btill  broader  domiun*" — From  Author' %  Pr^aee. 


f  Of  aJ.01TK4T]Oll« 


lip  '    Ml 


**Thofe  who  do  not  read  German  are  under  g^reat  obligations  to  wiiittm  A. 
Bamtnond,  who  has  given  them  not  on\j  an  excellent  tratisktioD  of  a  moat  «s> 
oellettt  work,  but  haa  given  u«  much  vnhiable  mforniiition  And  many  anggeaticQi 
from  bia  own  peraooal  experience,*' — Medical  BeconL 

**  Dr.  Morit*  Meyer,  of  Berlin,  haa  been  for  more  than  twenty  yc«re  a  laboriofia 
and  ooRAcientious  student  of  the  applieation  of  electricity  to  praeticAl  medicine, 
and  the  renulta  of  bis  labors  are  given  in  this  volume.  Dr.  HAmmond,  hi  making 
a  tranalation  of  the  third  Germ  an  edition,  has  done  a  real  eervlce  to  the  profcaaioii 
tf  lliia  ooimtry  and  of  Great  Britain,  Plainly  and  concisely  written,  and  a!mp1y 
■nd  clearly  arrnnf^ed,  it  contains  just  what  the  physician  wants  to  know  on  th« 
•abject" — iVl  F.  MedicalJoumal, 

"  It  is  destined  to  fill  a  want  long  felt  by  phy^Idana  hi  thia  country.^-^owmdJ 
o/Obtidrie^ 
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MAHEOE. 

A  Treatise  on  Diseases  of  the  Bones. 

Br  THOMAS  M.  MARKOE,  M.D., 
Fkofeaaor  of  Bxagery  in  the  OoOege  of  Fbyiieiaiis  and  BnrgeoiMf  Kew  York,  ot& 

WITH     HirMBBOTTS     ILLUSTRATIONS. 

1  YoL,  8to.   Cloth,  $4.50. 

This  Taluable  work  is  a  treatiBe  on  Diseases  of  the  Bodos,  embradng  their 
straetural  changes  as  affected  by  disease,  their  clinical  history  and  treatment,  in- 
dnding  also  an  account  of  the  Tarious  tumors  which  grow  in  or  upon  them.  None 
of  the  mptriei  of  bone  are  included  in  its  scope,  and  nojoini  diseases,  excepting 
where  the  condition  of  the  bone  is  a  prime  factor  in  the  problem  of  disease.  As 
the  work  of  an  eminent  surgeon  of  large  and  Taried  experience,  it  may  be  i^ 
garded  as  the  best  on  the  subject,  and  a  valuable  contribution  to  medical  Uteni> 
ture. 

**Tho  book  wfaleh  I  now  offnr  to  mj  proibarional  brethx«ii  eontaliit  tho  wibrtMioo  of  tho  1m- 
tOTM  which  I  hare  deUrered  during  the  put  twelve  years  at  the  eoBegei  ...  I  bavo  ft>llaffred 
the  leedhigs  of  mj  own  ttadies  and  obaeryatlona,  dwelling  more  on  those  branohee  where  I  had 
seen  and  studied  most,  and  perhaps  too  mnoh  neglecting  others  where  m  j  own  ezperlenea  was 
more  barren,  and  therefore  to  me  less  interesting.  I  have  endeavored,  howerer,  to  make  up  the 
defldendes  of  my  own  knowledge  by  the  free  use  of  the  materials  soattered  so  richly  through 
oar  periodical  literatore,  which  soattered  leayes  it  Is  the  right  and  the  duty  of  the  systematle 
writer  to  collect  and  to  embody  in  any  oocoont  he  muy  offer  of  the  state  of  a  sdenoe  at  any  given 
period.**— iKr/roc/yhwi  AtUhor^t  Prtface, 

NEFTEL. 

GalvanO-TherapeuticS.      The  Fhyaiologlcal  and 

2'herapeutical  Action   of  the    Galvanic    Current    upon 

the  Acoustic^    Optic^   Sympathetic^  and  Fneumogastric 

Nerves, 

By  WILLIAM  B.  NEFTEL. 

1  Tol.,  12mo.    161  pp.    Cloth,  $1.60. 

This  book  has  been  republished  at  the  request  of  several  aural  surgeons  and 
other  professional  gentlemen,  and  is  a  valuable  treatise  on  the  subjects  of  which 
it  treats.  Its  author,  formerly  visiting  physician  to  the  largest  hospital  of  St. 
Petersburg,  has  had  the  yery  best  facilities  for  investigation. 

"  This  little  work  shows,  as  far  as  it  goes,  full  knowledge  of  what  has  been 
done  on  the  subjects  treated  of,  and  the  author's  practical  acquaintance  with 
them." — New  York  Medical  Journal. 

**  Those  who  use  electricitj  should  get  this  work,  and  those  who  do  not 
should  peruse  it  to  learn  that  there  is  one  more  therapeutical  agent  that  thej 
could  and  should  possess.'^ — The  Medical  Investigator, 
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NIEMEYER 
A  Text-Book  of  Practical   Medicine. 

With  ParUoiUar  Referenoe  to  Phynology  omd  Pixtho- 
logical  Anatomy. 

Bj  the  late  Dr.  FELIX  YON  IHEMETEIR, 

ProfeMor  of  Ffttholof7  and  Tliari^Mitiot:  Dtraotor  of  the  M«dlaa  GHoIe  oftb*  TTntrmitj  of 

T&bingn. 

CraiiAlated  from  tiM  Bl^hth  Oerman  Edition*  by  •pooiftl  perml—fon  of 

tho  Author, 

By  GEORGE  H.  HUMPHREYS,  M.  D^ 

Uli  »•  of  the  PhTStduu  to  the  Boreaa  of  Madloia  «iMi  Bofgioal  Bdiof  «t  BoDonw  Hfltplld  tm 
th»  Oat-door  Poor ;  FeOow  of  the  New  York  Acedemj  of  MedkdiM,  eta, 

and 

CHARLES  K  HAOKLET,  M.  D., 

One  of  the  FhvBleUiii  to  the  New  York  Horoltal;  one  of  the  Smseous  to  the  New  Yoifc  1^ 
and  Ear  Inflmuuy;  FeUow  of  the  New  York  Aoedemj  of  Medldne,  ete. 

BeTlMd  Edition.   8  yoIi.,  8to.   1,688  pp.  Cloth,  $9.00 ;  Sheep,  $11.00. 

The  anther  nndertakea,  first,  to  give  a  piotore  of  disease  which  shall 
be  as  lifelike  and  faithful  to  natnre  as  pos^ble,  instead  of  being  a  mere 
theoretical  scheme;  secondly,  so  to  utilize  the  more  recent  advances 
of  pathological  anatomy,  physiology,  and  physiological  chemistry,  as  to 
furnish  a  clearer  insight  into  the  various  processes  of  disease. 

The  work  has  met  with  the  most  flattering  reception  and  deserved 
success ;  has  been  adopted  as  a  text-book  in  many  of  the  medical  colleges 
both  in  this  country  and  in  Europe;  and  has  received  the  very  highest 
encomiums  from  the  medical  and  secular  press. 

"It  is  oomprehensiye  and  concise,  and  is  characterized  by  clearness  and 
originality." — Dttblin  Quarterly  Journal  of  Medicine, 

**  Its  author  is  learned  in  medical  literature ;  he  has  arranged  his  nuiterlals 
with  care  and  judgment,  and  has  thought  over  them." — Tfu  LaneeL 

''As  a  full,  systematic,  and  thoroughly  practical  gmde  for  the  student  and 
phyridan,  it  is  not  ezcelied  by  any  similar  treatise  hi  any  language." — Apj^dom* 
JoumaL 

**  The  author  is  an  accomplished  pathologist  and  practical  phyridan ;  he  Is  not 
only  capable  of  appreciating  the  new  disooveries,  which  during  the  last  ten  yean 
have  been  unusually  numerous  and  important  in  sdentiflo  and  practical  medldne. 
but,  by  his  dinioal  experience,  he  can  put  these  new  views  to  a  practical  test,  and 
give  judgment  regarding  them."— ^tti^vr^A  Medical  JoumaL 

**  From  its  general  excellence,  we  are  deposed  to  think  that  it  will  soon  take 
its  place  among  the  recognized  text-boolu." — American  Quarterly  Journal  of 
Meaical  Seiencei, 

**  The  first  hiqnirv  hi  this  country  regarding  a  German  book  generally  is. '  Is 
it  a  work  of  practical  value  ?  "  Without  stopping  to  consider  the  Justness  or  the 
American  idea  of  the  'practical,*  we  can  unJiesitatingly  answer,  'It  is  I '  **— i^«f 
York  Medical  Journal, 

"  The  author  has  the  power  of  sifting  the  tares  firom  the  wheat— a  matter  of 
the  greatest  importance  'm.  a  text-book  for  students." — BrUuh  Medical  JoumaL 

''Whatever  exalted  opmion  our  countrymen  may  have  of  the  author's  idenis 
of  observation  and  lus  practical  good  sense,  his  text-book  will  not  disappoini 
them,  while  those  who  are  so  unfortunate  as  to  know  him  only  by  name,  have  is 
store  a  rich  treat"— i^^w  York  Medical  Reewrd 
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NiaHTINGALE. 
Notes  on  Nursing:  what  a  is,  and  tehant  is  noi^ 

Bt  FLORKNCE  NIGHTmaALK 

1   TOl.,   12mo.     140  pp.     Clotb^  70  cents. 

Erery-dftj  sanitary  knowledge,  or  the  knowledge  of  nurs'mgi  or,  in  oil 
words,  of  how  to  put  the  constitution  in  such  a  state  aa  that  it  will  have  no  dis- 
ease or  tbat  it  can  recover  from  diflcaaG,  takes  a  higher  place.  It  lb  recognised 
as  the  knowledge  which  eTcry  one  ou^;bt  to  have— distmcl  from  medical  knowk 
•dge,  which  (m\j  a  pix^esBlon  can  have. 


NEUMANK 
Hand-Book  of  Skin  Diseases. 

Loctnrer  on  Skin  DUcaaei  lo  the  Eojal  VnlftnHj  ol  Vienna. 

XtrAnal&tad  ttom  advanced  sheets  of  the  seoond  edition,  ftLmlflhed  by  tlMr" 
Author;  with  Notes* 

By  LUCniS  D.  BULELEY,  A.  ll.»  M.  D., 

BorgeoTi  to  the  New  Tork  Dlspensarr.  Department  of  Vfloereal  aad  Skhi  Dl««ieei;  AbmIbU 
int  to  the  8kln  CUnk  uf  the  Collegia  of  Phyalclsiu  and  SorgeonR,  New  Xurk*|  Mei»- 
bcr  of  the  New  York  Dennutologltal  Society,  etc,  etc 

1  ToL,  870.   Abant  450  pagai  and  60  Woodonti.    Cloth.  M.OO. 

Prof  HeuQiiinn  ranki  iecond  onl  j  to  Hebra,  wbo»e  a^sIiUnt  be  was  for  mnuj  ytam 
ind  bta  work  may  be  coutldL^red  aa  a  fair  expooflnt  of  tbe  Oermaa  practice  of  l>eTiiuitol»ij 
gj,    Tbe  book  la  abnndsntty  Ulaatrated  with  plates  of  the  blBiolOjsy  and  pathologj  of  I 
ikln.  Tbe  lianalator  has  endeaTorod,  by  moaoa  of  uotea  from  French,  EngUih,  and  Ai 
ean  soiEreoa,  to  niske  the  work  valnablo  to  the  atodent  as  wdl  as  to  tbe  practitioner. 

"It  Is  a  work  which  I  ahall  heortlly  recommend  to  my  clfti«  of  pfnrloTits  s!  the  TTnlTtN 
iity  of  Penn-svlTftrila,  unil  one  which  I  feci  sore  will  do  macb  toward  CDltghtcnlu^  the  pro^ 
fieasion  ou  LhU  B^h}ecV—Louit  A.  Duhrin^> 

*^  t  know  it  to  be  a  ^od  book^  and  I  am  fiiro  that  It  fa  well  traoilAted;  and  It  l«  lot«f>> 
•illnff  to  find  It  Ulnatntod  by  rel^erecces  to  the  Tie ws  of  colaborers  in  the  same  Aold,'^— 
Wr<umn9  m/pon. 

**  gn  rompTctf  as  to  render  It  a  mofl  naefnl  book  of  rcferpnce/'— T.  MeCaS  And^frwm, 

"There  cerlalnly  ia  no  work  cxtAot  which  denlt  to  thorooL'hly  with  Ihe  Fatl    '     " 
AnAtomy  of  the  Skin  m»  dooa  this  hand-book/'—^.  Y.  Medicai  Rectml. 

•*Tlie  ortgtnal  note*  by  Dr  Bulkley  are  Tory  nracilcJil,  ami  arc  on  Imrnrtftnt  adjnnrt  to 

"I  haTo  already  twice  exprcfsod  my  faTorablo  npinjon  of  the  hook  In  prints  and  am 
glad  ibat  tt  la  (^ven  lo  the  public  at  \v,%V^—,f(ime4i  C\  WhiU,  Boittan^ 

"More  ttLAO  two  years  ago  we  noticed  Dr.  Nenmi^Dii^a  admirable  work  In  its  ori 
tli^M;  and  we  are  tnercfore  ibaolved  from  the  neccsf^tty  of  raying  more  than  to  i 
oar  stroDg  recoinmendailoo  of  U  to  SngUab  mdei%,**^praeiiiioner. 
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PAGET. 
Clinical  Lectures  and  Essays. 

Bt  Sir  JAMES  PAGET,  Babt., 

V.  B.  B^  D.  a L^  OxoOn LL. D,  OtnUb.;  SergaftntAnnreon  Extawdiuny  to  bar  Mi^jMtj  tlM 
QaMn;  BugeoB  to  H.  B.  II.  the  Frlnoe  or  Wales;  Conaoltlng  Bnrgeoa  to  St  Barthotomow^i 
AonpitiL 


Edited  bt  HOWARD  MABSH, 
Aadrtnt  Bufeon  to  St  Btttholoznew*t  Hospital,  and  to  tlia  Hospital  tot  Sick  OhUdifB. 

1  ToL,  Bto.   OloUu   Frioe,  $6.00. 

CONTENTS. 
Thi  YiLfiiouB  Risks  of  Oferations — Thk  Calamities  of  Suboert — Stam- 

MIRDIO   with  other  OrOAHS  THAN   THOSE  OF  SPEECH— CaBES  THAT    BoXE-SeTTERI 

CURE — Strangulated  Hernia — Chronic  PriBMiA — Xertous  Mimicry — Treat- 
ment OF  Carbuncle — Sexual  Htpoghondriasis — Goutt  Phlebitis — Residual 
Abscess— Dissection-Poisons — Quiet  Necrosis — Senile  Scrofula — Scarlet  Fb- 

TKR  AFTER  OPERATIONS — ^NOTES  FOR  THE  StUDT  OF  SOME   CONSTITUTIONAL   DISEASES 

— ^NoTES— Index. 

PEASLEE. 

Ovarian   Tumors  ;    Their  Pathology,  Diagnosis,  and 

Treatment,  with  Reference  especially  to  Ovariotomy. 

By  E.  R.  PEASLEE,  M.D., 
Pfoftssor  of  Diseases  of  Wornen  In  Dartmonth  College ;  one  of  the  Consiiltlng  PhTsicans  to  tho 
New  York  State  Woman's  Uospital;  formerly  Professor  of  Obstetrics  and  Diseases  of 
Women  In  the  New  York  Medical  College;   Corresponding  Member  of  the  Obstetrical 
Sode^  of  Berlin,  etc 

1  TOL,  Sto.   lUnstrated  with  many  Woodeuts,  and  a  Steel  Engraving  of  Dr.  S. 
McDowell,  the  '*  Father  of  Ovariotomy."   Friee,  Cloth,  $5.00. 

This  ralnable  work,  embracing  the  results  of  many  years  of  successful  experience  in  the  de- 
partment of  which  it  treats,  will  proTe  most  acceptable  to  the  entire  profession;  while  the  high 
standing  of  the  author  and  his  knowludge  of  the  subject  combine  to  make  the  book  the  beat  m 
the  language.  It  is  divided  into  two  parts :  the  first  treating  of  Ovarian  Tumors,  their  anatomy, 
pathology,  diagnosis,  and  treatment,  except  by  extirpation ;  the  second  of  Ovariotomy,  its  histonr 
and  statistics,  and  of  the  operation.  Fully  illustrated,  and  abounding  with  information,  the  result 
of  a  prolonged  study  of  the  subject,  the  work  should  he  in  the  hands  of  every  physician  in  tho 
eoontry. 

The  following  are  some  of  the  opinions  of  the  press,  at  home  and  abroad,  of  this  great  work, 
which  haa  been  Justly  styled,  by  an  eminent  critic.  **  Uu  moft  compUU  medical  monograph  on  a 
praeUeal  stMeet  ner  produced  in  this  country r 

**  Ilia  opinions  upon  what  others  have  advised  are  clearly  set  forth,  and  are  as  interesting  and 
hnportaot  as  are  the  propositions  he  has  himself  to  advance;  while ithere  are  a  ft-eshness,  a  vigor, 
an  authority  about  his  writing,  which  great  practical  knowledge  alone  can  confer."^— 7"^^  Lancet. 

**Both  Wells's  and  Peaslee's  works  will  be  received  with  the  respect  due  to  the  great  repu- 
tation and  skill  of  thoir  authora.  Both  exist  not  only  ss  masters  of  their  art,  but  as  dear  and 
graoaAil  writers.  In  either  work  the  student  and  practitioner  will  find  the  fruits  of  rich  expo- 
rlsnea,  of  earnest  thought,  and  ot  steady,  weD-balanccd  Judgment  As  England  Is  proud  of 
Wells,  so  may  America  well  be  proud  of  Peaalee,  and  tho  great  worid  of  science  may  he  prood 
•f  boUL*"— JSrUlM  Medioal  Journal. 

**Thla  la  an  excellent  work,  and  does  great  credit  to  the  Industry,  ability,  sdence,  and  learatatf 
•f  Dr.  Peaalee.  Few  works  issue  tvom  the  medical  press  so  complete,  so  exhausnv^  learned, 
•0  imbued  with  a  practical  tone,  without  loalng  other  substantial  good  qualities.**— J»in&iifvA 
Medical  Journal. 

**  In  eloalag  our  review  of  this  work,  we  cannot  avoid  again  exprssslnff  our  appreefatloii  of 
tlM  fhorongb  stody,  the  careftil  and  honest  statem^nta,  and  candid  spirit,  which  enaraoterin  it 
Jbr  (he  uff  qfVu  etudent  we  eKould  give  the  mferenee  to  Dr.  PeaeM^e  vfork^  not  onljf/tom 
Ue  eomipUtenete^  ^utfrom  ite  more  methodieat  arrangement.^—Amerlean  Jomnal  qfrnedleal 
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PEREIRA. 

Dr.    Pereiras    Elements    of    Materia 

Medica  and  Therapeutics.  Abridged  and  adapted  far 
the  Use  of  Medical  and  Pharmaceutical  Practitioners 
and  Students^  and  comprising  all  the  Medicines  of  the 
British  Pharmacopceiay  with  such  others  as  are  frequently 
ordered  in  Prescriptions^  or  required  by  the  Physician. 

Editid  by  ROBERT  BENTLEY  and  THEOPHILUS  REDWOOD. 

Hew  Edition.  Broaght  down  to  1878.   1  toL,  Soyal  8to.   Cloth,  $7.00 ;  Shoop, 

$8.00. 

JxeportSt     BeUevue  and  Charity  Bospitdl  Peports  for 
lS70j  containing  Valuable  Contributions  from 

Jbaao  E.  Tatlob.  11  D^  Awm  Fliht,  M.  D.,  Lawn  k.  Satxx,  M.  D.  Wiujam  A.  Ham- 
MOiiD^  M.  D^  T.  Oaillard  Tbomas,  M.  D^  Fbaitk  H.  Hajoltox,  M.  D.,  and  oUmm. 

1  YOl..  8yo.   Cloth,  $4.00. 

**  These  liutltatlont  tre  the  most  importont,  u  regards  aooommodationt  for  patSenU  aad 
▼arietj  of  oases  treated,  of  anj  on  thla  continent,  and  are  surpassed  by  bat  few  in  fhs  worid. 
The  ffentlemen  eonnerted  with  them  are  acknowledged  to  be  among  the  first  in  their  profesikni, 
and  the  Tolnme  is  an  important  addition  to  the  professional  literature  of  this  conn^7.**— Ayoko- 
ioffical  JovnuU, 

RICHARDSON. 

Diseases  of  Modern  Life. 

By   Dr.    B.    W.    RICHARDSON,   F.  R.  S. 
1  vol.,  12ino.   $2.00. 
Part  Tint  First.— P^ENO^rENA  OF  DISEASE,  INCIDENTAL  AND  GENERAL. 
Chap.  I.— Natural  Life  to  Natural  Death.    Euthanasia. 

*'  II.— Phenomena  of  Disease,  ClassificatloD  and  Distribution. 

*•  III.— Disease  Antecedent  to  Birth. 

•*  I  \r.— External  Origins  and  Causes  of  Disease. 

"  v.— Phenomena  of  Disease,  from  Causes  External  and  Uncontrollable. 

**  TI. — Phenomena  of  Disease,  IVom  Causes  External  and  Communicable. 

"  TIL— Pheribmena  of  Disease,  Incidental  to  Old  Age  and  Natural  Decay. 

Part  thr  Sbooio).- PHENOMENA  OF  DISEASE,  INDUCED  AND  SPECIAL 
Chap.  I.— Definition  and  Classification  of  Induced  Diseases. 

"  II.— Disease  from  Worry  and  Mental  Strain  (Broken  Heart). 

**  III.— Disease  from  Worry  and  Mental  Strain,  continued  (Paralysis). 

**  IV.— Disease  from  Physical  Strain. 

**  v.— Disease  ttom  Combined  Physical  and  Mental  Strain. 

**  VI. — Disease  from  the  Influence  of  the  Passions. 

**  VIL— Disease  from  Alcohol    Physiological  Proem. 

"        VII I.— Phenomena  of  Disease  from  Alcohol.    The  Functional  Type. 
**  IX.— Organic  Disease  from  Alcohol. 

"  X. — Disease  from  Tobacco.    Physiological  Phenomena. 

**  XL— Disease  from  Tobocco,  continued  fof  the  Heart  and  Lungs). 

**  XI L— Disease  from  Tobacco,  coniinued  (of  the  Brain  and  Norvons  System). 

**        XIIL— Disease  from  the  Use  of  Narcotics  (from  Opium,  Chlond,  and  Absinthel 
XIV.-Dlsease  from  Misuse  of  Foods.  ^ 

**  XV.— Disease  incident  to  some  Occupations. 

**         XVL— Disease  from  I^te  Hours  and  I)eflcient  Sleep. 
**       XVIL— Disease  from  Imperfect  Supply  of  Air. 
*     X  VI IL— Disease  frt>m  Imitation  and  Moral  Contagion. 

Part  the  Third.— SUMMARY  OF  PRx\CTlCAL  APPLICATIONS. 
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SAYRR 

Lectures  on  Orthopedic  Surgery,  and 

I>isea$e»  of  the  Joints.    J>div€r9d  at  Smerut  Jlotpitai 
MBdieal  CoOej^  durit^g  the  Winter  Seuiom  of  1S74-1ST5. 

Bt  lewis  jl  satbe,  m.  a. 


—  1  ]fa3S0ill«i;taiwB  t»  BdtoTM  HoipM;  Owwilrm  Brngim  U  C^uttj 
-        -^      SofMit*  8L  EBbUA^  H«^^^- ^^ -    -^ 

vY«ik>CitoMWIari8wlMT:  FMtov  «r  tk»  Sew  T«ik  AoiiMj  «r  Mia* 

«rth»8oei>trorH«wolqc7,or^M«fie»-L^SoekCj;  H«MniT  ]fflBb«  W  tk»  V«nr 
BfeunvSlbacBl  Sodclj ;  HiMrar llobir of  tkt licdtel  Sod^ 
•r  tk»  (Mir  «r  WaM»  ly  Hit  Mi^>Ml7  tte  KiK  «f  8ved«k  «t&^  Ho. 


TWm  iKtm  «•  paUhked  at  tk»  NqoMt  «r  BMdkri  ffwtbwB  flf  tb«  l%kirt  I 
ilwl  md—  of  —r  coMrtiy,  •■  wiB  m  — y  ■!■  mI,  wh»  w  iiikwi  t»  kn«  Dr,8i9i«ra 
fMiltarTtovBaAaEftaadtd  «speriMet  !■  this  ip«hl^  gira  to  tk»  protodM  te  •  plrii  a»d 
fffittwl  MMir.  Tl«bo«k«HtriutlMMlM«aMtoryieimmon«etoM4tlv««A«lBdl»> 
TM  HMpltd  lliOed  OM^ii,  M  ipril  M  nnij  tapoctent  CMM  ft«B  yt  M**>bMk,  a«  ft«B  tkt 
kHftalneovds.  H« hu ateo  added •  mmber of  cmm  bete*  pretm«d  bf  Mm  t» tb« yn**- 
rtoB  IB  modkil  JovMk.  «r  «  tkt  diftrat  modkil  mcMIMi  vbkk  «•  pitHwd  voiti^  «f 

I  bj  bMMllftJ  nd  esBeaOeBt  UhutntloHk  «qc**vc4  ttmi 
I  piopMid  ■ipnnly  thtnetr.    Tte  astkor  bftTtif  c^lojvA 
I  lor  th«  itodj  ad  tiwtiD6Bt  of  tb6M  diMMM.  tlM  rMDits  of  bit  libon 

In  iifliMlfiMlili  I  iliii  til  mij  ■liiilniit  lail  iimtlflnnBr.  ifiil  nf  iwrlrn  H  tiiftrt^ff  I 

STEINER 

Compendium  of  Children's   Diseases- 

A  Handrboohfor  Jhrcietitioners  and  Students. 
By  Dr.  JOHANN  STEINER, 

r>DftMar  af  fho  DhBMii  of  CMMwo  to  tbo  Unlrwrity  of  Pmgot,  mA  F^jAliM  to  tkt  Vtrndk- 
JooepbHoaptalivSiekGbildNB. 

TrmnfllAtad  from  Um  Saoand  G«nnaa  Bdition  by  lAwson  T»it,  F.  B.  0. 8.  • 

BvfMO  to  tkt  BtnoiagbMB  Hospital  hr  Womoii;  Oonrahliif  SiufMa  to  tbo  WatI  Bvonwleb 
Ho^Mal;  LaeftnreranFbjaioloorattbaMidkiidlMlltBto. 

1  ToL,  8to.   Cloth,  $3.60. 

TRANSLATOR'S     PREFACE. 

Dr.  Btetocff^  book  baa  met  witb  aoeh  marked  ioeoaaa  to  Qenaaiij  tkat  a  aaeend  odIlloB  baa 
akoady  appaarad.  a  dreomaUBea  wkiek  baa  datajed  tba  appaaraaoa  of  tta  Eafliak  tern,  to  ordar 
tbat  I  might  be  able  to  ftra  bia  additions  and  ooirectfona. 

lo  GannaDT  the  oaa  of  tba  metric  ajttem  has  not  yet  entiralj  aoponoded  tba  loaal  maaauoa; 
bat  it  la  rapkuu'  dotog  ao,  aa  to  Kngiand  I  bare,  therefora,  rendered  all  tbaraMOMtrio  obaarra- 
tiona  to  tba  Oentigrade  aeale,  and  all  meaanramenta  to  eeati*  and  miOlmMraa. 

I  bsfo  added  aa  an  Appoadiz  tba  *"  Knlea  fa*  Uanagemant  of  Inftnto"*  wbIA  teva  baaa  laMad 
bj  tka  ataff  of  tba  Binntogbam  Sick  ChUdran'a  Hoaoital,  beoaaaa  I  tbiak  ttal  tkaj  ^to  aat  aa 
anmple  l^  ikoelj  dlatrlbating  tbeaa  nilaa  among  Qm  poor  Cor  wblek  tbaj  eaaaot  DO  I  '  ' 
oamnianded,  and  wbieb  It  woQld  be  wiM  ibr  otber  aiek  Slkiz«B*a  boapitab  to  Mlow, 

I  boTa  alao  added  a  fcw  aotaa,  obleify,  ofoooraa,  ralattog  to  tba  soifloal  •«?■>—*■ 

Odobtr,  18T4.  LAW80V  TAIT. 


26 


i>.  AppUion  it  C0,U  Medical  Puhlkaiion4» 


STROUD. 
The  Physical  Cause  of  the  Death  of 

Christy  and  its  Bdations  to  the  Ptindphs  and  Practice 

of  ChrUtianity, 

Bt  WILLIAM    STROUD,   M,  D, 
Witli  a  Z^etter  on  the  Snbjeot*  by  Sir  Ja^amm  T«  Simpson,  B&rt.,  M*  I>« 

1  VOL,  l2mo*    422  pp.    Cloth,  $2.00. 
Thli  tmportuit  tztd  remarkable  tiouk  li,  la  tU  own  plftc«^  t  inftiU<rp(ocftf  ud  win  be  «onfSd*r«d 


Ai  ft  ftUndArd  work  &r  SHUT  jcan  to  < 

^^The  i>rti)dp«]  noiflt  Ifiiliiftii  on  it,  tbat  fhe  dMth  of  Chritt  wu  ^u»e<)  bf  rujitsKi  or  ^, 

tloD  of  the  he&n.  sir  J«niM  Y.  Slrapaoo,  wbo  ha4  rc4M]  tbfl  lUthor't  treatise  Aod  tbiIoua  eocn- 
03  outs  Qo  It,  azpreiftAd  h1nu«lf  rtirj  potitlTdjr  In  broc  of  tb«  riewft  mAlnUlDM]  t»7  Dr.  Smiid.* 
—PtuchoiogUai  Journal* 

SIMPSON. 

The  Posthumous  Works  of  Sir  James 

Young  Simpson^  Bart,^  M,  J),     In  Three  Volurnea. 

Volume  I. — Set  fitted  Obnietrical  and  Gifnttcotogie^  Worht  of  Sir  Jarmt  T.  Simpmn^ 
Bart.,  M.  D.,  D.  C.  h^  hUt  PnjfeSMr  of  Midwifery  In  the  UnJvwreJtir  of  Edlnburigh.  Contato- 
Ing  the  »ub»Unoe  of  hU  I^wturefl  on  Ml«lwir*ry.  Edftod  br  J.  Watt  Black,  A.  M^M.  D^ 
V«niber  of  tli«  Boyftl  Coll4>ge  of  Pby»lcia£it,  LondoD ;  rnrKtcUm-Aocoueheiir  to  Chartof 
Croftt  Hoaplta],  London:  and  lecturer  oa  Mldwiik?  aod  DlA4MiMt  of  Woid«o  aod  CbUdres 
Ib  th«  BoftpiUl  School  of  M«diclu6. 

I  vol.,  8vo.    85S  pp.    Cloth,  $3.00. 

Thla  Tohtnifi  oontalns  all  the  more  lmp<irtaDt  eontribuUoas  of  Sir  JamM  T.  Blmpftoo  lo  Hko 
■tndj  of  obiietHcfl  and  dlfeaaea  of  Wotnsn,  with  the  exoeptkm  of  hla  eUnleal  leotnre*  on  the  latter 
■nf^Jeet,  whkh  will  ahortif  appear  In  a  aefttrste  voIamaL  Thfa  flrtt  voliinio  cunlalna  manj  of  the 
pttnem  n!pii>t«d  from  h\*  Obit«trle  Memoira  And  OoDtHbatlona^  and  abo  hla  Lod^oro  Koiea,  w»w 
finMlahod  for  Iho  flrat  time,  oontalDtng  tlMr  Bufaatiuice  of  the  practical  part  of  hli  coorte  of  mid 
wiferj.  tt  la  a  toluma  of  great  taterest  to  the  profeaakiiL,  ana  a  fitting  mcmoriaj  of  lU  moownod 
aad  takoted  sathor. 

•*  To  mm  J  of  oar  re«dert,  doubtleu,  the  chief  of  tb«  ptpen  It  oootalnft  are  IkmOlar.  Te 
otb«i«,  alkhoogh  pr*ihabljr  ther  may  he  aware  lliat  Str  Joniea  aimpAoti  baa  written  on  the  anb- 
\KtM^  the  papera  tbemaolvee  wtU  be  new  and  tntib.    To  the  flrat  daw  we  would  rsoommend  Ihli 


edition  of  Sir  Jamee  ftlmp«oo'*a  worka^  aa  a  Taloable  tolome  of  reffereBee;  to  the  bider,  ae  a 
tl4Mi  of  the  w«rka  of  a  great  master  aod  tmprorar  of  bis  art,  the  atedy  of  wbkb  esonot  fWI  lo 
them  better  prepared  to  meet  and  otoroomo  Its  dUllciiltlea.*'^-ife<f /oiiir  THmn  and  OamtU, 

Volanie  U.~^>WHMstfa,  ffifpftaiUm^  etc.     Edited  by  Sir  Waltkr  Simfsok,  Bart. 
1  vol.,  8vo.    660  pp.    Clotbf  $3.00. 
*•  Wt  mj  of  thli,  as  of  th*-  flr»t  Tolume,  that  it  ihoald  find  a  f ikce  on  the  table  of  *tmj  prao- 
lltfoiM'r ;  for,  thr^ug-b  It  in  p:iirh work^  each  piece  maj  be  [tluLod  out  and  atudled  with  pSeasure  and 
prollt,''—  The  LancU  ( London), 

Volum*?  IIL—  TJkt  DiMtoMta  of  Women.   Edited  by  Alix,  Simpson,  M.  D.,  Frorewor 
of  IfldwifefT  In  the  UnlTersltj  of  Edlnborgb. 

1  VOL,  $vo*    Cloth,  $3.00. 
One  of  the  beat  works  90  the  suhject  ejrtant    Of  IncaUmable  raloe  to  erery  phjaiden. 

SWETT, 

A  Treatise  on  the  Diseases  of  the  Chest 

Meing  a  Course  of  Ziectures  ddivered  at  the  Neto  York 

JIospUaL 

By  JOHN  A.  8WETT,  M.  D., 

PtaHMor  gf  the  Inftltntea  and  Pra4;tl(»  of  Medirlne  In  the  New  York  UDlrerattv :  FVafdm  to 
the  New  Tork  HoaplUl ;  Member  of  the  New  York  Pathological  Sodety. 

1  ToL,  $vo.    557  pp.    $3.50. 
Embodied  In  this  volome  of  lectiiree  U  the  ezporlenee  of  ten  yeart  ta  hoetittai  ba  pnvmti 
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SAYRE. 

A  Practical  Manual  on  the  Treatment 

of  Club-Ibot. 

Br  LEWIS  A.  SATRE.  M.  D., 

FMftiior  of  Orthopedle  Sargeiy  in  Benerne  Hospital  Mediod  Ooltaft;  Smveoo  to  BeltoriM  and 

Charity  Hospitals,  sto. 

1  Tol ,  12mo.   Haw  and  Enlarged  Edition,   dotli,  $1.00. 

**  The  object  of  this  work  is  to  oonrej,  In  ss  oonobe  s  manner  as  possible,  all  the  practleal  In- 
fctmatlon  and  instraetlon  neoessary  to  enable  the  general  practitioner  to  applj  that  plaa  of  treat 
meot  which  has  been  so  saccessAil  in  vaj  own  hands.**— /YWIsof. 

**Tlie  book  will  yexy  well  aatislV  the  wanta  of  the  nuOorftr  of  genval  pnetltionen,  ftr  whose 
iia^  as  slated,  it  Is  intended.**-^A0  ror4;  i£fdica/ 7oi«f^ 

SMITH. 

On  Foods. 

Bt  EDWARD  SMITH,  M.  D.,  LL.  B.,  F.  R.  a, 
FeDow  of  the  Royal  College  of  PhTsicUins  of  London,  etc,  ete. 
1  Tol.,  12mo.   Clotli.   Price,  $1.76. 
**  Stnoe  the  Issue  of  the  author's  work  on  **■  Practical  Dietary,**  he  has  Mi  the  want  of  another, 
wtaleh  would  embrace  all  the  generally-known  and  less-known  foods,  and  contain  the  latest  i  ' 


tifle  knowledge  respecting  them.  The  present  voluroe  Is  intended  to  meet  this  want,  and  wUl  be 
ftrand  useAil  for  reference,  to  both  sdentiflc  and  general  readers.  The  author  extends  the  ocdl- 
naiT  Tiew  of  foods,  and  includes  water  and  air,  since  they  are  Important  both  In  their  food  aad 
aaattaiT  an>ects. 

SCHROEDER 

A  Manual  of  Midwifery,    including  the  Pa- 

ihology  of  Pregnancy  and  the  Puerperal  State, 

Bt  Dr.  KARL  SCHROEDER, 
ftofessor  of  MSdwifory  and  Director  of  the  Lying-in  Institution  in  the  UnlTersIty  of  Eriangea. 

TEAKSLATCD  FBOX  Tin  THIRD  OXKJIAIf  BDITIOZr 

By  CHARLES  H.  CARTER.  B.  A.,  M.  D.,  B.  S.  London, 
r  of  the  Royal  College  of  Physicians,  London,  and  Physician  Accoucheur  to  St  Oeorfe*s, 
Hanover  Square,  Dispensary. 

With  Twenty-six  Engravings  on  Wood.   1  vol.,  8vo.   Clotli. 


**  Tlie  translator  feels  that  no  apology  Is  needed  in  offering  to  the  profession  a  transIatloQ  of 
)hroeder*s  Manual  of  Midwifery.    The  work  is  well  known  in  Germany  and  extensively  used  ss 
a  text-book ;  it  has  slroady  reached  a  third  edition  within  the  short  space  of  two  years,  and  it  is 


hopsd  that  the  present  translation  will  meet  the  want,  long  felt  in  this  country,  of  a  manual  of 
nudwtfoiy  ombradng  the  latest  sdentiflc  researches  on  the  subject 

TILT. 

A  Hand-Book  of  Uterine  Therapeu- 

tics  and  of  Diseases  of  Women, 

Bt  EDWARD  JOHN  TILT,  M.  D., 
Member  of  the  Royal  College  of  Physicians ;  Consulting  Physician  to  the  Farrlngdon  Qeneral 
DIspenssry ;  Fellow  of  the  Royal  Medical  and  Chirurgical  Society,  and  of  aererftl  British  tad 
fondgn  sooeties. 

1  vol.,  8vo.    846  pp.   Cloth,  $3.60. 

Second  American  edition,  thoroughly  revised  and  amended. 

**  In  gfrlng  the  result  of  his  labors  to  the  prolbsslon  the  author  hca  dcae  a  great  work.  Ou  r 
fsadsrt  win  find  Its  psges  very  faiteresting,  anct  at  the  end  of  their  taak,  wffl  M  grateAil  to  the 
sslhor  Ibr  many  Tery  valuable  suggestions  ss  to  the  treatment  of  uterine  diseases.*^  7^  Lanett. 

**■  Dr.  TUt*s  ^Hand-Book  of  Uterine  Therapeutica  *  supplies  a  want  which  has  often  besa  Mt 
•  .  It  mar,  thereibre,  be  resd  not  only  witn  pleasure  and  Instruction,  bat  will  also  be  Ibmd 
T«T  aselu  ss  a  book  of  reference.**—  TK»  MeduxU  Mirror. 

^  Second  to  none  on  the  therapeutica  of  uterine  dlsea8e.**-Votima/  qf  ObtUtrict, 
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VAN  BUKEN  AND  KETES 

A  Practical  Treatise  on  the  Surgical 

Diseases  of  the  Genito-  Urinary  Organs^  including  Syphi- 
lis. Designed  as  a  Manuaifor  Students  and  JPraditian 
ers.     With  Engravings  and  Cases. 

Bt  w.  h.  van  buren,  a,  m.,  m.  d., 

FroftMor  of  PrindplM  of  Bnxyery,  with  DiacMM  of  tb*  Oealto-UriiuuT  Bjitoni  tud  CBnleil 
BmMT,  In  Beueviu  HospUal  liedleil  OoUtfa;  OonniltMv  8iirg«o&  to  tlM  How  Toik  Eo»- 
plta(  tbe  ChMit7  Hoiptta(  ote. ;  and 

£.  L.  KETES,  A.  M.,  M.  D., 

ProAMor  of  DamiAtology  In  BeOoTne  Hoqiltol  ICadkal  CoDem;  Bufeon  to  tho  Ohtfitr  Hor 
pllaLT«narMl DImmm;  OouoMng Deimatologlit to tbo BunMi of  Out-Door  Solia<; B 
TM  Hoopltol,  eto. 

1  ToL,  Svo.  Cloth,  $6.00;  Sh0«p,  $6.00. 

Thii  work  ii  reallj  a  oompendium  of,  and  a  book  of  reforenee  to,  all  i 
works  treating  in  any  way  of  the  surgical  diaeasea  of  the  genito-nrinaiy  oigana.  At 
the  same  time,  no  oUier  single  book  oontains  so  lazge  an  anay  of  arigUkdl  ihoto  oon- 
ceming  the  dasa  of  diseases  with  which  it  deala.  Theae  fSusto  are  laigely  drawD 
from  the  eztenslTe  and  varied  ezperienoe  of  the  authors. 

Many  important  branches  of  genito-nrinary  diseases,  as  the  ontaneoos  maladi^a 
of  the  penis  and  scrotom,  receiye  a  thorough  and  exhaostlTe  treatment  that  tha  pio- 
fessional  reader  will  searish  for  elsewhere  in  vain. 

The  work  is  elegantly  and  proftisely  illustrated,  and  enriched  by  fifty-ATO 
original  cases,  setting  forth  obscure  and  difficult  points  in  diagnosis  and  treatment. 

>*The  first  put  ii  devoted  to  the  Soiglcal  Diseases  of  the  Qenito-TJitoary  Organs ;  and  cart 
seoond  treats  of  Chanoroid  and  Syphilis.  The  authors  *  appear  to  have  succeeded  admixmbnr  la 
glvinff  to  the  world  an  ezhaustiye  and  reUahle  treatise  on  this  important  class  of  diiaasoi.  — 
Northwettem  Medical  and  Surgical  Journal. 

"  It  is  a  most  complete  dkrest  of  what  has  long  been  known,  and  of  what  has  been  more  re- 
cently discovered,  in  the  field  of  syphilitic  and  genito-nrlnary  disorders.  It  is  perhaps  not  an 
exaggeration  to  say  that  no  single  work  npon  the  same  subject  has  ret  appeared,  in  this  or  anj 
forel^  language,  which  is  superior  to  \V— Chicago  Medical  Elxaminer. 

''The  commanding  reputation  of  Dr.  Van  Buren  in  this  specialty  and  of  the  great  sehool  and 
hospital  from  which  he  has  drawn  his  clinical  materials,  together  with  the  general  interest  whloh 
attaches  to  the  subject-matter  itself^  will,  we  trust,  lead  very  many  of  those  for  whom  it  Is  our 
office  to  cater,  to  possess  themselves  at  once  of  the  volume  and  form  their  own  opinions  of  Its 
merit.*^— Atlanta  Medical  and  Surgical  Journal. 

Lectures  upon  Diseases  of  the  Rectum. 

Delivered  at  the  JBellevue  Hospital  Medical  College. 
Session  o/1869-'70. 

By  W.  H.  van  buren,  M.  D^ 

1  Tol.,  12mo.     164  pages.    Cloth,  $1.50. 

**  It  seems  hardly  necessary  to  more  than  mention  the  name  of  the  author  of  this  admlnUt 
little  volume  In  order  to  insure  the  character  of  his  book.  No  one  in  this  ooontir  baa  «^)of<ad 
grestar  advantages,  and  had  a  more  extensive  field  of  observation  in  this  nMolaity,  than  l>r. 
Van  Boron,  and  no  one  has  paid  the  same  amount  of  attention  to  the  subiect  .  .  .  Hero  is  the 
experience  of  years  summed  up  and  given  to  the  professional  world  in  a  plain  and  praottasl  aaa- 
nw.'^—Ptychaogicdl  Journal. 
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VOGEL. 

A  Practical  Treatise  on  the  Diseases 

of  Children.  Second  American  from  the  Fourth 
Qemum  Hditian.  lUuetraied  ly  Six  LUhographie 
Plaiea. 

By  ALFRED  VOGEL,  M.  D., 
FtateMT  of  GBalod  MtdioiM  In  Uie  UnlrMntty  of  Docpat,  B«Mk 

TSAHBULTID  AITD  KDITJED  BT 

H.    RAPHAEL,    M.  D.« 
UliHowkBiiifeoBtoBeltoTiMHotpltd;  Fhjridui  to  the  Eaittn  DfipenMuylte  thoDteaMf 

of  CaifldNB,  tlOL,  •feo^ 

1  TOL,  8to.    611  pp.    Clofh,  t4.ft0. 

The  work  is  well  up  to  the  present  state  of  pathological  knowledge ; 
complete  withoat  nnnecessary  prolizitj;  its  symptomatology  accurate, 
evidently  the  result  of  careful  ohservation  of  a  competent  and  experi- 
enced clinical  practitioner.  The  diagnosis  and  differential  relations  of 
diseases  to  each  other  are  accurately  descrihed,  and  the  therapeutics 
Judicious  and  discriminating.  All  polypharmacy  is  discarded,  and  only 
the  remedies  which  appeared  useftil  to  the  author  commended. 

It  contains  much  that  must  gain  for  it  the  merited  praise  of  all  im- 
partial Judges,  and  prove  it  to  he  an  invaluahle  text-hook  for  the  stu- 
dent and  practitioner,  and  a  safe  and  useful  guide  in  the  difficult  but  all- 
important  department  of  Pffidiatrica. 

**  Rapidly  passing  to  a  fourth  edition  in  Germany,  and  translated  into  three 
other  languages,  America  now  has  the  credit  of  presenting  the  first  EngKsh  rer- 
sion  of  a  booK  which  most  take  a  prominent,  if  not  the  leadine,  position  among 
works  devoted  to  this  clus  of  disease." — N.  Y.  Medical  Jcumeu. 

**  The  profession  of  this  conntrj  are  under  many  obligations  to  Dr.  Raphael 
for  bringing,,  as  he  has  dons^  this  truly  valuable  work  to  thdr  notloe.*'— ifae^tcaf 
luooTd, 

"The  translator  has  been  more  than  ordinarily  successful,  and  his  labors 
have  resulted  in  what,  in  every  sense,  is  a  valuable  contribution  to  medics* 
science."— />y«Ao%u»/  Journal 

**  We  do  not  know  of  a  compact  text-book  on  the  diseases  of  children  more 
eomplete,  more  comprehensive,  more  replete  with  practical  remarks  and  scientific 
fiuits,  more  in  keeping  with  the  devaopment  of  modem  medicine^  sad  mors 
worthy  of  the  attention  of  the  nrofession,  than  that  which  has  been  the  snljeel 
of  our  remarks."— /<nima/  of  ObtUirim, 
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WALTON. 

The  Mineral  Springs  of  the  United 

spates  and  Cofiadaj  wUh  Analyses  amd  Notes  on  the 
Prominent  Spas  of  Ev/ropSy  amd  a  List  qf  Seorride 
Resorts.    An  enlarged  amd  revised  edition. 

By  GEORGE  E.  WALTON,  M.D., 
Lecturer  on  Itoterto  Medim  ia  the  Mjaml  liedlcd  OoIIag^  qnrfimatl 

Iteond  Edition,  reyiied  and  enlarged.  lToL,12mo.  890pp.,wit]i]Cape.  $9.00. 

The  aathor  has  given  the  analjses  of  all  the  springs  in  this  country  and 
those  of  the  principal  European  spas,  reduced  to  a  uniform  standard  of 
one  wine-pint,  so  that  they  may  readily  he  compared.  He  has  arranged 
the  springs  of  America  and  Europe  in  seven  distinct  classes,  and  d»- 
scrihed  the  diseases  to  which  mineral  waters  are  adapted,  with  refer- 
ences to  the  class  of  waters  applicahle  to  the  treatment,  and  the  pecul- 
iar characteristics  of  each  spring  as  near  as  known  are  given — also,  the 
locntion,  mode  of  access,  and  post-office  address  of  every  spring  are  men- 
tioDud.  In  addition,  he  has  described  the  various  kinds  of  baths  and 
the  appropriate  use  of  them  in  the  treatment  of  disease. 

EXT&ACTS  FBOM  OFUTIOKS  07  THE  FBE8S. 

**  .  .  .  Precise  and  comprehcnsiye,  presenting  not  onlj  reliable  analyses  of 
the  waters,  but  their  therapeutic  value,  so  that  physicians  can  hereafter  advise 
their  use  as  intelligently  and  beneficially  as  they  can  other  valuable  alteratiy« 
agents." — Sanitarian. 

**  .  .  .  Will  tend  to  enlighten  both  the  profession  and  the  people  on  this 
question.** — N,  Y.  Medical  Journal. 

^  .  .  Contains  in  brief  space  a  vast  amount  of  important  and  interesting 
matter,  well  arranged  and  well  presented.  Nearly  every  physician  needs  just 
sach  a  volume  *' — Richmond  and  Louisville  Medical  Journal. 

^  .  .  .  Fills  this  necessitv  in  a  scientific  and  pleasing  manner  and  can  be  read 
with  advantage  by  the  physician  as  weU  as  layman.'' — American  Jomr,  of  OUtdria. 

TTaifaaaiTi  or  TnanrxA,  June  9,  1878. 

GnTLiMDr :  I  have  received  by  mail  a  copy  of  Dr.  Walton's  work  on  the 
ICneral  Springs  of  the  United  States  and  Canada.  Be  pleased  to  accept  my 
thanks  for  a  work  which  I  have  been  eagerly  looking  for  ever  since  I  had  the 
pleasure  of  meeting  the  author  in  the  summer  of  1871.  He  satisfied  me  that 
he  was  well  qualified  to  write  a  reliable  work  on  this  subject,  and  I  doubt  not 
ha  has  met  my  expectations.  Such  a  work  was  greatly  needed,  and,  if  offered 
for  sale  at  the  principal  mineral  springs  of  the  country,  will,  I  believe,  com- 
mand a  ready  sale.    Very  respectfully  yours, 

J.  L.  Cabell,  M.  D. 
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WELLS. 

Diseases  of  the  Ovaries ;  Their  Dia^noHs 

and  Treatment. 

By  T.  SPENCER  WELLS, 


IMiial  Bodetj  of  Sorgery  of  Pu1«,  of  the  Medical  Bodetj  of  Pftrk  and  of  the  Medical  Bod- 
atj  of  Sweden;  Honorarr  Member  of  the  Boral  Sodetj  of  Medical  and  Hatoral  Bdeaot 
or  BroBielB.  and  of  the  Medical  Societies  of  Pesth  and  Helslnclbn ;  HononiT  Fellow  of 
the  OteteMoal  Sodetiea  of  Berlin  and  Ldpsig. 

1  ToL,  8to.   478  pp.   ninBtrated.   Cloth,  Prioe,  $4.50. 

In  1866  the  author  issued  a  yolume  containiDg  reports  of  one  hundred  and 
fourteen  cases  of  Oyariotomj,  which  was  little  more  than  a  simple  record  of 
facts.  The  book  was  soon  out  of  print,  and,  though  repcatedlj  asked  for  a 
new  edition,  the  author  was  unable  to  do  more  than  prepare  papers  for  Uie 
Rojal  Medical  and  Chirurgical  Society,  as  series  afler  series  of  a  hundred  casei 
accumulated.  On  the  completion  of  fiye  hundred  cases  he  embodied  the  results 
in  the  present  rolume,  an  enUrely  new  work,  for  the  student  and  practitioner, 
and  trusts  it  may  proye  acceptable  to  them  and  useful  to  suffering  women. 

**  Arrangements  haye  been  made  for  the  publication  of  this  yolume  in  Lon- 
don on  the  day  of  its  publication  m  New  Tork.*'  French  and  German  transla- 
tions are  already  in  press. 

WAGNER 
A    Hand-book  of  Chemical   Tech- 

noloffy. 

By  RUDOLPH  WAGNER,  Ph.  D., 
PkofbMor  of  Cawmloal  Teehnology  at  the  Uniyenitj  of  Wnrtibarf  . 

Tnoudated  and  edited,  firom  the  el^th  Qerman  edition,  with  extetftve 

additions. 

By  WILLIAM  0R00KE8,  F.  R.  8. 

With  336  ninstratlons.   1  ToL,  8yo.   761  pages.   Cloth,  $5.00. 

TTader  th«  hoad  of  MetaOarglc  Ghamlatrr,  th«  latoat  methods  of  preparing  Iron,  Cobalt, 
HUkel,  Copper,  Copper  Balta.  Lead  and  Tin.  and  f"  —  -  *  "'  ="  "^  "  ' 
mhim,  Antimonj,  Arsenic,  Merooiy,  FUtlnnm,  i 

Magneeiam,  are  deaorlbed.    The  yaiioai  applications  c  .  _ 

targy  foOow  nnder  this  dlTlslon.  The  preparation  of  Potaah  and  Soda  Bella,  the  mannfaetnre 
of  Snlphnrlo  Add,  and  the  reeoyny  of  Bnlphnr  from  Soda  Waste,  of  eoorse  ooenpj  prominent 
places  In  the  consideration  of  chemical  mannfhetnres.  It  Is  dlfflcnlt  to  OTer-eetlmate  the  mer- 
eantUs  yalne  of  Mond^s  process,  ss  well  ss  the  manj  new  and  important  applications  of  Btsol- 
phlde  of  Carbon.  The  mannftotore  of  S<Mp  wiU  be  foond  to  Inoinde  mnen  detalL  The  Tech- 
Bology  of  Qlass,  Stone- ware,  Limeajmd  Mortars,  will  present  much  of  Intereat  to  the  Bnild« 
and  Iraglneer.  The  Technology  of  Vegetable  Fibres  haa  been  considered  to  indnde  the  prep- 
aration of  Flax,  Hemp,  Cotton,  as  well  as  Paper-making;  while  the  applicatfona  of  V  egetaut 
Prodncts  win  be  Iband  to  Indnde  Sngar-boUing,  Wine  and  Beer  Brewing,  the  DUttDadca  of 
Spirits,  the  Baking  of  Bread,  the  Preparation  of  Vinegar,  the  Preserration  of  Wood,  etc 

Dr.  Wagner  gives  mnch  lnfi>rmatton  In  reference  to  Uie  prodnctlon  of  Potash  from  Sugar 
rsaidnea.  The  nse  of  Baryta  Salts  Is  also  frill  j  described,  as  well  ss  the  preparation  of  Sogar 
horn  Beet-roota.  Tanning,  the  Preserration  ef  Meat,  Milk,  etc^  the  Prepantlon  of  Phoapbo- 
ms  snd  Animal  Charcoal,  are  considered  as  belonging  to  the  Technology  of  Animal  Products. 
Tlie  Preparation  of  Materials  for  Dyeing  has  necessarily  required  much  space ;  whUe  tha  flaa? 
I  of  thfS  book  hare  boon  deroted  to  the  Technology  of  Heating  and  IDnmlnatton. 


aer  ine  neaa  or  sieiaunrgic  unemistry,  ine  laiesi  meinooa  or  preparing  iron,  uooan, 

I,  Copper,  Copper  Salts.  Lead  and  Tin.  and  their  Salta,  Bismuth,  Zinc,  2anc  Salta,  Cad- 

Antimony,  Arsenic,  Merouiy,  Platinum,  SOrer,  Gold,  Manganatea,  Aluminum,  and 

idum,  are  deeorlbed.    The  Tanous  applications  of  the  Toltalc  Current  to  Eleetro-Metal- 
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Thb  Popviab  ScncTvcs  Moxhilt  wa^  started  to  promote  the  diffusion  of  valuable  sdentiflc 
knowledge.  In  a  readable  and  attrnctiTc  fomx,  among  all  classes  of  the  commonitj,  and  haa  tbua 
far  met  a  want  supplie*!  by  no  other  periodical  In  the  United  States. 

The  great  feature  of  the  magazine  Is,  that  Its  contents  are  not  what  science  mpom  ten  or  more 
years  since,  but  what  it  Ut  to-<lav,  fresh  flrom  the  study,  the  laboratory,  and  the  experiment: 
clothed  in  the  lanpiage  uf  the  authors,  inventors,  and  scientists  themselves,  which  c(»niprise  th« 
leading  minds  of  England.  Fnnce.  Germany,  and  the  United  States.  Among  popular  ardcleo, 
covering  the  whole  range  of  Nati'ral  ScrEXca,  we  have  the  btest  thoachts  and  words  of  Her- 
bert Spencer,  and  I*rofcssors  Huxley,  Tyndall  and  K.  A.  Pn»ctor.  Since  the  start,  it  haa  proved 
a  gratifying  success  to  every  friend  of  sclenttflc  progress  and  universal  education ;  and  thoae  who 
believea  that  science  could  not  be  made  any  thing  but  dry  Atudy,  are  disappointed. 

Th«  press  all  over  the  land  ia  warmly  commending  it  We  subjoin  a  few  encomioma  from 
those  recently  given : 

^  A  Journal  which  promises  to  be  of  eminent  value  to  the  cause  of  popular  education  in  thia 
country."— J\>ir  York  Tribune. 

'*  It  is,  beyond  comparison,  the  best  attempt  at  Journalism  of  the  kind  ever  made  in  this  coon* 
irj.^—Uomf  Journal. 

'^The  initial  number  is  admirably  cooBXitnU^y—J^ening  Mail. 

**  In  our  opinion,  the  right  idea  has  been  happily  bit  in  the  plan  of  this  new  monthlj.*^~.9i(^aA) 
Courier. 

**  Just  the  publicatlen  needed  at  the  present  ^j.^^— Montreal  Gazette, 
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Medical  College,  and  Surgeon  to  Bellevue  Hospital. 

1  ffol.,  8»o,  88  poffea. Price,  $1.00. 


This  little  volume  is  rich  in  all  those  minor  details  of  treatment  which  are 
only  mastered  by  prolonged  clinical  contact  with  disease,  and  for  which  the  gen- 
eral practitioner  customarily  applies  to  the  specialist.  It  contains,  moreover,  a 
scientific  demonstration  of  the  truth  of  its  title,  and  shows  how  syphilis — an 
essentially  debilitating  disease — may  be  successfully  managed  by  a  course  of 
treatment  which  is  in  itself  essentially  tonic — ^tonic  to  an  individual  when  he  is  in 
health  as  well  as  when  be  is  suffering  from  disease. 

While  the  plan  proposed  is  original  in  its  detail,  and  novel,  the  .argument  on 
which  it  rests  is  peifectly  sound.  The  book  does  not  set  forth  an  old  treatment 
in  a  new  dress,  and  is  not  a  compilation  nor  a  mere  collection  of  prescriptions 
with  remarks. 

The  treatment  advocated  is  a  mercurial  one. 

The  book  is  divided  into  three  chapters  : 

The  first  is  argumentative  and  scientific. 

The  second  gives  the  full  detail  of  a  course  of  treatment,  and  touches  upon 
the  value  of  different  methods. 

The  third  deals  in  the  topical  measures  suitable  to  the  various  lesions. 
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I  RE  AT  M  EN  T. 
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Professor  of  Clinical  Surgery  in  University  Collepe,  London  ;  Surgeon  to  University 
College,  and  Surgeon  to  the  Lock  Hospital ; 

AND  BY 

ARTHUR   COOPER, 

House-Surgeon  to  the  Male  Lock  Hospital. 
1  vol,  12wo.     Cloth, 

D.  APPLETON  k  CO..  PnHlisliers,  549  k  551  Broadway,  N.  Y. 
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OneYol^Sro.     Cloth.    lUnstrmted.        •        •  Price,  |2.&a 

S.  APPLSTOK  k  CO.,  FnUiihen,  Hew  ToiIl 


BOTLSTOK   XBDIGAX    PBIZB    QUBBTZONS. 

Thk  Botlstox  If  kdicax.  CoMmmv,  ftppoioted  by  the  President  and  Fdlowa  of 
Hanrmrd  Uniyertltj,  conslstB  of  the  foUowing  phyticUot : 

J.  B.  8.  Jackmx,  M.  D.,  Hbsbt  J.  Bnaauow^  ILD., 

D.  H.  8TOBBB,  M.D^  BWBW  Jf.  HODOBS,  lf.D., 

MoBBUJ.  Wtmav,  M.  D.,  Caltin  Elus  M.  D., 

Saxukl  Cabot,  M.D. 
At  the  Aonaal  meeting,  held  Jane  7, 1875.  it  wms  voted  tluit  no  difsertatlon  wortbf  of  a 
prize  bmd  been  offered  on  either  of  tbe  eubjecte  proposed  for  187S. 
The  following  are  tbe  qneetione  proposed  for  1876: 

1.  Civil  Hospiul  Constmction  (not  of  Lunatic  As jlnms);  Location,  Materials,  AiTaDge> 
ment.  Warming,  Ventilation,  Drainage,  Lighting ;  with  Designs. 

Tbe  aalbor  of  a  dissertation  on  this  subject,  considered  worthy  of  a  prise,  will  be  enti- 
tled to  a  premium  of  Three  Handred  Dollars. 

Dissertations  on  tbe  above  subjects  most  be  transmitted,  postpaid,  to  J.  B  S.  Jackson, 
M.  D.,  Boston,  on  or  htfort  tht  JInt  Wednesday  in  April.  1876. 

Each  dissertation  must  be  accompanied  by  a  sealed  paclcet.  on  which  shall  be  written 
some  device  or  !*entence,  and  within  which  shall  be  inclosed  tbe  author's  name  and  resi- 
dence. The  same  device  or  sentence  is  to  be  written  on  the  dissertation  to  which  the 
packet  is  attached. 

The  writer  of  each  dissertation  is  expected  to  transmit  his  communication  to  the  Pres- 
ident of  the  Committee,  J  B.  S.  Jackt^on.  M.D..  in  a  dif^tinct  and  plain  handwriting,  and 
with  the  pages  bound  in  book  form,  within  the  time  specified. 

Any  clew  by  which  tbe  authorship  of  a  dissertation  is  made  known  to  the  committee 
will  debar  such  dissertation  from  competition. 

Preference  will  he  given  to  dissertations  which  exhibit  original  work. 

All  unsaccessAil  dissertations  are  deposited  with  the  Secretary.  fh>m  whom  they  may 
be  obtained,  with  the  sealed  packet  unopened,  if  called  fur  within  one  year  after  they  have 
been  received. 

By  an  order  adopted  in  18%,  the  Secretary  was  directed  to  publish  annually  the  follow- 
ing votes : 

1.  That  the  Board  do  not  consider  themselves  as  approving  the  doctrines  contained  In 
any  of  the  dissertations  to  which  premiums  may  be  adjudged. 

9.  That  in  case  of  publication  of  a  succcssfYil  dissertatloa,  the  author  be  considered  as 
botind  to  print  the  above  vote  in  connection  therewith. 


At  the  annual  meeting,  held  June  6,  1876,  it  was  voted  that  a  prize  of  three 
hundred  dollars  be  awarded  to  Dr.  W.  Gill  Wvlie,  of  New  York,  for  a  dissertatioD 
on  "  Civil  Hospital  Construction." 

"  It  was  also  voted  that  a  dissertation  on  **  Hospital  Construction,"  l>earing  the 
motto  **  Mille  mali  species,  mille  salntis  erunt,"  was  of  such  a  high  order  of  merit 
-that  the  committee  recommend  its  publication  by  the  author. 

Richard  M.  Hodoes,  M.  D.,  Secretary,  Bottott^  Man. 
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HAl-BOOK  OF  f INTEB  RESOBTS. 

Designed /or  use  of  all  Travelers  in  pursuit  of  Business^ 
Pleasure,  or  health. 

IT  WILL  GIVE  FULL  INFORMATION  AS  TO  PLACES,  ROUTES,  HOTELS,  etc. 


The  Hand-Book  is  designed  for  invalids  as  well  as  tonrists,  and  con- 
siderable space  has  been  devoted  to  matters  which  in  the  previous  volumes 
of  the  series  received  bat  slight  attention.  In  selecting  a  health-resort,  it 
is  not  less  necessary  to  know  the  physical  character  of  a  given  locality, 
whether  mountainous  or  otherwise — for  example,  its  soil,  productions, 
and  vegetation — than  to  know  its  thermometrical  range,  and  whether  the 
atmospiiere  is  moist  or  dry.  The  temperature,  of  course,  is  a  ^very  im- 
portant point,  and  should  be  carefully  analyzed ;  but  the  mistakes  oftenest 
made  by  those  seeking  a  winter  residence  undoubtedly  arise  from  the  idea 
that  temperature  is  the  sole  thing  to  be  considered.  In  the  following 
pages  an  attempt  is  made  to  furnish  invalids  or  physicians  with  all  the 
facts  as  to  climatic  and  local  conditions  necessary  to  enable  them  to  choose 
a  resort  intelligently  and  confidently.  Great  pains  have  been  taken  to 
make  the  information  full,  precise,  and  authentic;  special  care  being 
bestowed  upon  the  statistics  concerning  temperature,  rainfall,  and  dis- 
eases, which  were  drawn  only  from  the  most  trustworthy  sources.  While 
the  special  needs  of  invalids  are  thus  consulted,  however,  the  other  func- 
tion of  the  book  has  not  been  lost  sight  of;  and  tourists  will  tind  here  a 
complete  guide  to  all  the  localities  treated  of. 

The  Hand-Book  of  Winter  Resorts  will  be  tastefully  illustrated, 
well  printed,  and  cheap— <0  cents,  paper ;  75  cents,  cloth.  Great  care 
has  been  taken  to  make  it  accurate  and  complete. 

It  will  be  sent,  post-paid,  upon  receipt  of  price. 

D.  APPLETOH  &  CO,  Pnliiisliers,  549  asd  551  Bmilw,  N.Y. 


A  few  advertising  pages  leill  be  inserted,  for  particulars  of  which  ad- 
dress Henry  W.  Quin,  Advertising  Department  D.  Appleton  &  Co,^  649  <fc 
551  Broadway^  Kew  York. 
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